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Okono

You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: fsharp

It is an unofficial and free F# ebook created for educational purposes. All the content is extracted
from Stack Overflow Documentation, which is written by many hardworking individuals at Stack
Overflow. It is neither affiliated with Stack Overflow nor official F#.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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rnaesa 1: Hauano pabotbl ¢ F #

3aMmedyaHus

F # saBnsetcs «QyHKLUMOHANbHO-NEPBbIM» A3bIKkOM. Bbl MOXeTe y3HaTb 060 BCeX pasnnyHbIX
TUNax Bblpa>XeHni BMecTe C OYHKUMAMNA .

KOMI'II/IHFITOp F #, KOTOpbLIN ABNAETCA OTKPbITHIM UCXOAHBIM KOLOM, KOMAUIMPYET BaLn
nporpamMmbl B IL, 4TO O3Ha4aeT, 4TO Bbl MOXETE UCNonb3oBaTtb Kog F # ¢ noboro COBMeCTUMOro

¢ .NET 4a3bIka, Takoro kak C # ; n 3anyctutb ero Ha Mono, .NET Core unn .NET Framework B
Windows.

Bepcun
1.x 2005-05-01
2,0 2010-04-01
3.0 2012-08-01
3,1 2013-10-01
4,0 2015-07-01
Examples

Y cTaHOBKa Waun HacTpounka

Windows

Ecnn y Bac yctaHoBneHa Visual Studio (ntobast Bepcusi, BKloHas 9KCNpecc 1 coobwecTso), F_
y>Xe [onXeH ObiTb BKOYeH. MNpocTo BbibepuTe F # B kayecTBe A3blka Npy CO34aHMMN HOBOIO
npoekta. Nnu npocmoTpute hitp://fsharp.org/use/windows/ onga nony4eHNs GONONHUTENbHbIX

napameTpoB.

OS X

Xamarin Studio nogaepxwusaeT F #. B kayecTBe anbTepHATUBbI Bbl MOXETE UCMONb30BaTh VS
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Code ona OS X, KOTOpbIV SBNSETCA KPOCC-NNartdOpPMeEHHbIM penakTopom Microsoft.

C,uenaB YCTaHOBKY VS-KO,D,a, 3aNyCTUTE vs Code Quick Open ( ctrl1 +p ), 3aTeM 3aNnyCTUTE ext
install Ionide-fsharp

Bbl Takxe moxete paccmoTpeTb Visual Studio nna Mac .

CywecTBYIOT 1 Apyrue anbTepHATUBLI, ONCaHHbIe 30ECh .

LinuX

YCTaHOBUTE NAKEThI C mono-complete W fsharp YEPE3 fsharp MAKETOB BawWero auctpubytmea (Apt,
Yumwu 1. [.). [Ins xopowero peaakTnpoBaHmsa ncnonbadyinte nubo kon Visual Studio , nubo
YCTAHOBWTE NNArvH ionide-fsharp , IMOO MCNONb3YATE AOM N YCTAHOBUTE MNATMH ionide-
installer . JJOMONHUTENBbHYIO NHOPMaLMIO cM. B hitp://isharp.org/use/linux/ .

MNMpuBet, Mup!

OT0 KoA, ANs NPOCTOro KOHCONbHOMO NPOEKTa, KOTopbI nevataeTt «Hello, World!». Ha STDOUT n
BbIAOET C KOOOM BbIX0Aa 0

[<EntryPoint>]

let main argv =
printfn "Hello, World!"
0

Mpumep pa3bueku MoaTanHbIiA:

* [<EntryPoint>] - ATpMOYT .net, KOTOPbIA OTMEYaeT «MeTo, KOTOPbIA Bbl NUCMONb3YeTe ANs
YCTAHOBKM TOYKW BXO4a» Ballein Nporpammbl ( MCTOUHUK ).

* let main argv - 9TO onpefenseT PYHKUMIO main C OLHUM NAPAMETPOM argv . [10CKONbKY 3TO
TOYka BxoJa B Nporpammy, arqgv OyaeT maccusom cTpok. CoaepXxmmoe maccmea - 370
apryMeHTbl, KOTOopble ObiNn NepeaaHbl NporpamMme, Koraa oHu Obin BbINMOMHEHDI.

* printfn "Hello, World!" - QYHKUMS orint < BBIBOAUT CTPOKY **, nepenaHHyo B Ka4ecTBe
MepBOro apryMeHTa, Takxe L06aBnss HOBYIO CTPOKY.

* 0 - DyHKuMKM F # Bcerna Bo3BpallaloT 3HAYEHNE, a BO3BPALLAEMOE 3HAYEHNE ABNSETCS
pe3ynbTaToM NocnefHero BbipaxeHns B pyHkumn. [NomelweHre o B Ka4ecTBe NocneaHen
CTPOKM 03HA4aeT, Y4TO (pyHKLMSA Bceraa byneT Bo3Bpallatb HOMb (LEN0e YACIO).

** Ha caMOM gene aT0 He CTpoka, XOTS OHa MoX0Xa Ha ogHy. OTO Ha camoM fdene
TextWriterFormat , KOTOpbIn N0 BbIGOPY NO3BONSET UCMONb30BATb CTAaTUYECKME TUMbI
NpoBEpPEHHbIX aprymeHToB. Ho ana npumepa «hello world» ero MOXXHO npeacTtaBnTb Kak CTPOKY.

F # NHTepaKTUBHbIN

F # Interactive, aTo cpena REPL, koTopas no3sonseT BbINONHATL ko4 F #, no ogHOM CTpoke 3a
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pas.

Ecnn Bbl ycTaHoBuam Visual Studio ¢ F #, Bbl MOXeTe 3anyctutb F # Interactive B KOHCONMW,
Ha6paB "C:\Program Files (x86)\Microsoft SDKs\F#\4.0\Framework\v4.0\Fsi.exe" . B Linux nnmn OS X
BMECTO 3TOro KOMaHaa fsharpi , KOTOPAS OOJIXHA ObiTb NMNOO B /usr/bin MMOO B /usr/local/bin
3aBMCUMOCTW OT TOrO, Kak Bbl ycTaHoBunu F # - B ntobom cnyvae, komaHaa oonxHa bbiTb Ha
BaWeM patH YTOObI Bbl MOT I NPOCTO BBEANTE fsharpi .

MprMep MHTEePaKTUBHOIO NCMNONb30BaHNS F #:

> let 1 = 1 // fsi prompt, declare i
- let j = 2 // declare J

- i+j // compose expression

- ;; // execute commands

val i : int = 1 // fsi output started, this gives the value of 1
val j : int = 2 // the value of j
val it : int = 3 // computed expression

> #quit;; //quit fsi

Mcnonb3oBaThb #help;; 3a MOMOLbIO

Ob6paTute BHMMaHNE Ha UCMONb30BaHMeE ;; 4T0Obl coobWwnTe REPL 0 BINONHEHWMN NOOBIX paHee
BBELEHHbIX KOMaHA,

MpounTaiite Hayano pabotel ¢ F # oHnaiiH: https://riptutorial.com/ru/fsharp/topic/817/Havano-
paboTtbl-c-f-sharp
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rnaBa 2: 1: F # Koo, WPF ona npunoXxeHusa c
FsXaml

BctynneHue

BonbwurHCTBO NprMepoB, HanaeHHbIX Ans nporpammmpoBanuns F # WPF, noxoxe, umetoT
OTHOWEHMWE K wabnoHy MVVM, a HekoTopble N3 HUX - MVC, HO psSiAOM HET HM OJHOrO, KOTOPbIA
npaBuIbHO NOKasbiBa€eT, Kak BCTaTb M paboTaTtb C «CTapbiM CTAPbIM» KOAOM.

Kon 3a prCyHKOM 04eHb MPOCT B UCMOMb30BaHUM Ansi 0by4yeHusl, a Takxe aKkcnepumeHToB. OH
NCMONb3yeTCs B MHOMOYUCTIEHHBIX BBOIHbIX KHUrax 1 y4ebHbix MaTtepuanax B IHTepHeTe. BoTt
noyemy.

STV NprMepbl NPOAEMOHCTPUPYIOT, KaK co34aThb KO 3a NPUNOXEHUEM C OKHAMU, 3NIeMEHTaMu
ynpasneHus, n3obpaxxeHnsmm n aHaykamm u 1. I.

Examples

Cospante HoBbIN Kog WPF F # pnsi NpunoXeHus.

Co3zpante KOHCONbHOE NpPUNoXxeHue F #.
3meHnTe TMN BbiBOAA NPUNoXeHWs Ha npunoxexHme Windows .
Lob6aebTe naket FsXaml NuGet.

[o6aBbTe 3TN YeTbipe NCXOLHbIX chaiina B Nopsiake, ykazaHHOM 30€eCh.

MainWindow.xaml

<Window

xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"

xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

Title="First Demo" Height="200" Width="300">

<Canvas>

<Button Name="btnTest" Content="Test" Canvas.Left="10" Canvas.Top="10" Height="28"

Width="72"/>

</Canvas>
</Window>

MainWindow.xaml.fs

namespace FirstDemo

type MainWindowXaml = FsXaml.XAML<"MainWindow.xaml">
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type MainWindow () as this =
inherit MainWindowXaml ()

let whenLoaded _ =
0)

let whenClosing _ =

0)

let whenClosed _ =
0)

let btnTestClick _ =
this.Title <- "Yup, it works!"

do
this.Loaded.Add whenLoaded
this.Closing.Add whenClosing

this.Closed.Add whenClosed
this.btnTest.Click.Add btnTestClick

App.xaml

<Application xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml">
<Application.Resources>
</Application.Resources>
</Application>

App.xaml.fs

namespace FirstDemo
open System
type App = FsXaml.XAML<"App.xaml">
module Main =
[<STAThread; EntryPoint>]

let main _ =

let app = App()
let mainWindow = new MainWindow ()
app.Run (mainWindow) // Returns application's exit code.

Ypnanute goann Program.fs n3 npoekra.

N3meHnTe peitcTBrne cOOpKM Ha pecypc ans oByx doarinos xaml.
HobaBbTe ccbinky Ha cbopky UIAutomationTypes cbopku .NET.
CkoMnunupyinTe n 3anyctuTe.

Bbl He MOXeTe UCNoNb30BaTb KOHCTPYKTOP AN AobasneHust 06paboTumkos cobbiThiA, HO 3TO
coBceM He npobnema. MNpocto fobaBbTe X BPYYHYHO B KOA NO3aaun, Kak Bbl BUANTE C TPEMS
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o0bpaboTumkamm B 3TOM NpuMepe, Bkntovas 06paboTumk TECTOBOW KHOMKMW.

UPDATE: B FsXaml no6aBneH anbTepHaTUBHBIA 1, BO3MOXHO, 60Nee aneraHTHbIin cnocob
nobasneHns 06paboTHnKoB cobbiTUiA. Bol MoXxeTe nobaButb 0b6paboTumk cobbiTnii B XAML, kak
1 B C #, HO Bbl IONXHbl CAENATb 9TO BPYYHYIO, @ 3aTEM NEPeonpeneiMTb COOTBETCTBYIOWMIA
4neH, KOTOpbI NosiBnseTcs B BaweMm F #. 5 pekomeHayto 3T10.

3: pobaBneHue 3Hayka B OKHO

PeKOMeHﬂ,yeTCFI COXPaHATb BCE 3HAYKN K |/|306pa>KeH|/|9| B OOHOWN MNN HECKONbKMX narkax.

LLlenkH1Te NpaBoO KHOMKOW MbllWK MO NPOEKTY 1 ucnonb3ymnte F # Power Tools / New Folder ons
co34aHms nanky ¢ umeHem «M3obpaxxeHns».

Ha avcke noMecTuTe 3Ha40K B nanky «HoBble M306paXxeHus ».

BepHutech B Visual Studio, WwenkHNUTE NpaBoi KHOMKOW MbIWK NO #306paXeHUo N NCNONb3YinTe
« J106aBUTb / CyLLLeCTBYIOLLUIA INIEMEHT» , a 3aTeM oTobpasuTte « Bee gparinbl» (. ) **, 4yTobbI
yBuaeTb dpain 3Hayka, 4Tobbl ero MoXXHO Obiio BolibpaTb, a 3aTem « JLo6aBUTb» .

Bbibepute cpaiin 3Hauka n yctaHoBuTe ero pencreme «focrtpoeHue» B « Pecypc» .

B MainWindow.xaml ncnonbayinte atpnbyt Icon kak a1o. OkpyXxatowme nMH1M nokasaHbl 4ns
KOHTeKcCTa.

xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
Title="First Demo" Height="200" Width="300"
Icon="Images/MainWindow.ico">

<Canvas>

MNepen TeM, Kak 3anycTUTb, BbINONHUTE NEPECTPONKY, a HE MPOCTO COOPKY. OTO CBA3AHO C TEM,
yTo Visual Studio He Bcerga nomewaeT an 3Hayka B UCMONMHAEMbI doain, ecnum Bbl He
nepecTtpavisaete ero.

OT0 OKHO, a He NPUNOXeHNe, KOTOPOE Tenepb UMeeT 3Ha4oK. Bbl yBuanTe 3Ha4oK B 1EBOM
BEPXHEM YTy OKHa BO BPEMSI BbIMONIHEHWS, 1 Bbl yBUAMTE €ro Ha naHenu 3agay. ucnetyep
3agay 1 MNMposoagHuk Windows He 6yayT nokasbiBaTb 3TOT 3HAYOK, MOTOMY 4YTO OHWU OTOBpaxatoT
3HAYOK MPUIOXEHUS, a HE 3HA4YOK OKHa.

4: N,06aBUTb 3HA4YOK B NPUNOXEHUe
Co3panTe TeKCTOBbIV (hain ¢ uMeHeM Applcon.rc Co cnenyiowmM CoOaeP X UMbIM.

1 ICON "AppIcon.ico"

Insi aToro Bam noHagobutcs dpaiin 3Ha4ykoB ¢ UMeHeM Applcon.ico, HO, KOHEYHO, Bbl MOXETe
HacCTPOUTb UMEHa Mo CBOEMY BKYCY.
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BbinonHuTe cnepyolyto KOMaHay.

"C:\Program Files (x86)\Windows Kits\10\bin\x64\rc.exe" /v Applcon.rc

Ecnun Bbl HE MOXETE HAMTK rc.exe B 9TOM MecTe, HananTe ero Huxe C: \ Program Files (x86) \
Windows Kits . Ecnu Bbl BCe elle He MoXxeTe HanTu ero, 3arpysnte Windows SDK n3 Microsoft.

Bynet cosnaH goann ¢ umeHem Applcon.res.
B Visual Studio oTkporiTe cBoiticTBa npoekTa. Boibeprte cTpaHnuy NpUnoXeHus .

B TekcTtoBOM none « daun pecypcos» Beeaute Applcon.res (unu Images \ Applcon.res, ecnu Bbl
NONOXWNN ero Tam), a 3aTeM 3aKponNTe CBONCTBA NPOEKTa ANS COXPaHEHMS.

MosiBuTcs coobuieHne o6 ownbke: «BeeneHHbI dhalin pecypcos He cyllecTByeT. IrHopupyiiTe
aT10. CoobLweHne 06 owmnbke He NOSABUTCHA CHOBA.

rlepeCTpOVITb. 3aTeM UCnonHAeMmblin dharin nMeeT 3HAYOK MNPUNOXEHUSA, N 3TO OTO6pa)KaeTC$I B
rlpOBO,D,HI/IKe. anI 3anycke 3TO0T 3HA4YOK TakKXe MNosgaBUTCA B gUcnetvyepe 3a4a4.

2: [1o6aBUTb 3NEMEHT ynpaB/ieHUs

[lobaBbTe 3TK ABa (paina B 3TOM Nopsiake Hand dpannamm 4ns rnaBHOro okKHa.

MyControl.xaml

<UserControl
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
mc:Ignorable="d" Height="50" Width="150">
<Canvas Background="LightGreen">
<Button Name="btnMyTest" Content="My Test" Canvas.Left="10" Canvas.Top="10"
Height="28" Width="106"/>
</Canvas>
</UserControl>

MyControl.xaml.fs

namespace FirstDemo
type MyControlXaml = FsXaml.XAML<"MyControl.xaml">

type MyControl () =
inherit MyControlXaml ()

LOna Action gns MyControl.xaml gonxeH 6biTb YCTAHOBNEH pecypc .

Bbl, KOHEYHO, N03Xe A0NXHbl 006aBUTb «Kak 3T0» B 06 bsaBneHne MyControl, kak 3To coenaHo
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aong rnaBHOro okHa.

B dparine MainWindow.xaml.fs B knacce ans MainWindow nobaebTe 3Ty CTPOKY

let myControl = MyControl ()

n pobaBbTe 3TV OBE CTPOKKM B do- section 0OCHOBHOro kfacca okHa.

this.mainCanvas.Children.Add myControl |> ignore
myControl.btnMyTest.Content <- "We're in business!"

Tam MoxeT 6bITb Honee Yem oauH caenatb -ceve- B Kiacce, 1 Bbl, BEPOATHO, NOHAA0buUTCS npu
HanMcaHMM MHOrO Ko4a 3a KOLOM.

OnemMeHT ynpasneHmsa nonyymn CBET/O-3€eNeHbl LUBET (pOHa, TaK 4TO Bbl MOXETE Nerko ysuaeThb,
roe OH HaxoouTcs.

NmenTe B BMAOYy, 4TO 3JIEMEHT ynpaBneHns 33.6J'IOKVIpyeT KHOMKY rnaBHOro okHa m3
npencrtasneHns. 970 He BXOOUT B 0O bEM 3TUX npmumMepos, 4TOObI HayunTb Bac WPF B uenom,
NO3TOMY Mbl HE 6yueM 3TO ncnpaenATb 30€Cb.

Kak po6aBuTb 3/1IeMeHTbl ynpaB/ieHUs U3 CTOPOHHUX 6mMbnnoTtek

Ecnu Bbl pobaBnTe anemMeHThbl ynpaBneHns U3 CTOPoHHUX 6rnbnnotek B npoekT C # WPF, B
chaine XAML 06bl4HO ByayT Takme CTPOKW, Kak 3TOT.

xmlns:xctk="http://schemas.xceed.com/wpf/xaml/toolkit"

Bo3MoXxHO, 310 He ¢ FsXaml.

OnsanHep n KOMNUASTOP NPUHUMAIOT 3TY CTPOKY, HO, CKOpee BCEro, BO BPEMS BbINONHEHWS,
BEPOSATHO, OyIeT UCK/OYEHUNE, XanysaCb Ha TUN TPEeTbel CTOPOHbI, KOTOPbIV He ByneT HanaeH
npu yteHnn XAML.

BmecTo aToro nonpobyiite cneaytoulee.

xmlns:xctk="clr-namespace:Xceed.Wpf.Toolkit;assembly=Xceed.Wpf.Toolkit"

Torpa 310 NpuMep 3neMeHTa ynpaBieHunsl, KOTOPbIA 3aBUCUT OT BbIlLECKA3aHHOTO.

<xctk:IntegerUpDown Name="tbInput" Increment="1" Maximum="10" Minimum="0" Canvas.Left="13"
Canvas.Top="27" Width="270"/>

Bnbnnoteka, ncnonb3yemasi B 3T0M NPUMEpPE, - 3TO pacWMPEHHbIR HAbop MHCTPYMeHTOB Wpf,
IOCTYMHbIA 6BecnnaTtHo Yepe3 NuGet nnm yctaHoBWUK. Ecnu Bbl 3arpyxaete 6ubnmoTekun yepes
NuGet, anemMeHTbl ynpaBneHns HeJoCTYMNHbI B NaHENN NHCTPYMEHTOB, HO OHW BCE elle
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oTobpaxaroTcs B ausariHepe, ecnu Bbl 4obaBuTe Mx Bpy4Hyto B XAML, a cBOMCTBa AOCTYMHbI HA
naHenu «CeoncTBa».

Mpountante 1: F # Koo WPF ons npunoxeHus ¢ FsXaml oHnamH:
https://riptutorial.com/ru/fsharp/topic/9008/1--f-sharp-koa-wpf-gnsa-npunoxeHnsa-c-fsxaml
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Esa 3: F# Ha .NET Core

Examples

Co3gnaHue HOBOro npoekTa yepes dotnet CL|

[Mocne Toro, kak Bbl ycTaHOBMAN MHCTPYMeHTbI .NET CLI, Bbl MOXETe co34aTb HOBbIN MPOEKT C
NMOMOLLbIO Crepytouein KoMaHabl:

dotnet new --lang f#
OT0 co34aeT nNporpamMmy KOMaHOHOW CTPOKM.
HauanbHbi pabounit npouecc NpoekTa
Co3paTb HOBbIV MPOEKT
dotnet new -1 f#
BoccTaHoBMTE BCe nakeTbl, NnepedyncrneHHble B dparne project.json
dotnet restore
daiin project.lock.json ponxeH 6bITb BbIMMCAH.
BbinonHuTh nporpammy
dotnet run
BolwenpueenéHHblii ko 6yaeT cCKoMNUAMPoBaH, ecnv notpebyeTcs.
PesynbTaT npoekTa no yMON4aHUio, CO34aHHONO dotnet new -1f# COOEPXMUT Cnemyioulee:

Hello World!
[11]

MpounTtante F # Ha .NET Core oHnanH: https://riptutorial.com/ru/fsharp/topic/4404/f-sharp-Ha--net-
core
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rnasa 4: F # CoBeTbl U NnoackKkasKku
NPOU3BOANTENIbHOCTUN

Examples

Mcnonb3oBaHue XBOCTOBOM peKypcuu ansa acpdpeKTMBHOU utepauumn

Ncxons n3 umnepaTmBHbIX 3bIKOB, MHOTME pa3paboTumki 3a4atTcs BONPOCOM, Kak Hanucatb
for-loop KOTOPbIA BbIXOAUT PaHblUe, MOCKONbKY F# HE NOOAEPXKMBAET break , continue UMW return .
OTBeT B r# 3aK/Il04AETCS B MCMNOJNIb30BAHMUN XBOCTORON PEKYPCUN, KOTOPas SBNSAETCS rTMOKUM ©
NOMOMATMYECKUM CMOCOOOM MTepaumm, npy 3ToM obecneyrBas OTIMYHYIO NPON3BOAMNTENBHOCTb.

MNpennonoXxmm, Mbl XOTUM PEannM30BaTh tryFind ONA List . ECNN F# NOOOEPXUBAET return Mbl Obl
HEMHOrO HaMWWeM tryrind CNeayoWmMmM 06pasom:

let tryFind predicate vs =
for v in vs do
if predicate v then
return Some v
None

970 He paboTaerT B r# . BMeCcTo aTOro Mbl 3anucbiBaeM oyHKLUMIO C MOMOLLbIO tail-recursion:

let tryFind predicate vs =
let rec loop = function
| vi:vs —> if predicate v then
Some v
else
loop vs
| _ —> None
loop vs

XBOCT-PEKYPCUS BBINONHSAETCS B F# MOTOMY YTO, KOrAa KOMNUNATOP r# 0OHAPYXUBAET, 4TO
JOYHKLINSA 9BNAETCA XBOCTOBOM PEKYPCMBHOW, OHA NepenncbiBaeT Pekypcuto B 3P PEKTUBHDIN
while-loop . ICMONb3YS 1Lspy Mbl BUOMM, 4TO 3TO BEPHO AN HAWErO 1oop OYHKLNIA:

internal static FSharpOption<a> loop@3-10<a> (FSharpFunc<a, bool> predicate, FSharplList<a>

_argl)
{
while (_argl.TailOrNull != null)
{
FSharpList<a> fSharplist = _argl;

FSharplList<a> vs = fSharplList.TailOrNull;
a v = fSharpList.HeadOrDefault;

if (predicate.Invoke (v))

{

return FSharpOption<a>.Some (V) ;

https://riptutorial.com/ru/home 12


http://stackoverflow.com/questions/33923/what-is-tail-recursion

FSharpFunc<a, bool> arg_2D_0 = predicate;
_argl = vs;
predicate = arg_2D_0;

}

return null;

NoMMMO HEKOTOPbIX HEHYXHbIX HA3Ha4YeHU (KoTopble, Hametcb, yaansaet JIT-er), 310, Mo cyTw,
3P PEKTUBHBIA LINKII.

Kpome Toro, XxBocToBasi pekypcus sBnseTcs naMoMaTnyeckon ans v+ NOCKONbKY OHA NO3BONSET
n3bexartb N3MEHYMBOr0 COCTOSIHNS. PaccMOTPUM sum COYHKLIMIO , KOTOPAsi CyMMUPYET BCE
aneMeHTbl B List . OueBuaHas nepeas nonbiTka:

let sum vs =
let mutable s = LanguagePrimitives.GenericZero
for v in vs do
s <- s + v

Ecnn mbl nepenuiiemM LUnKn B XBOCTOBYIO PeKypCuto, Mbl MOXXEM n3bexarb M3MEHYMBOIO
COCTOSAHUA:

let sum vs =
let rec loop s = function
| vi:vs —> loop (s + v) vs
| _ > s
loop LanguagePrimitives.GenericZero vs

Ins ahPEKTUBHOCTM KOMNUNSATOP F# NPEOOpPa3yeT 3TO B while-loop KOTOPbIA MCNONb3YyeET
N3MEHYMBOE COCTOSIHME.

Vlsmepre N npoeepbTe CBOU NpeanooXxXeHnsa o npom3soaoutes/ibHOCTU

Oror rnpuMmep HarincaH ¢ y4eToMm r+ HO naeun rnpuMeHnuMbl BO BCex cpedax

I'IepBoe npasunno npu ontTnMmn3aunm Nnpon3BoanNTENbHOCTU - HE NolaratbCA Ha NpennonoXxXeHne,
Bcerna N3MEPATb U NPOBEPATb CBOWU NpPennonoXeHuns.

MOCKONbKY Mbl HE NMULLEM MALIVHHBIV KO4 HANPSMYHO, TPYAHO NpeackasaTth, Kak KOMAUAATop v
JIT: er npeobpasytoT Bawy NporpaMmy B MalwmnHHbIA Koa. BoT noyemMy HaM HyXXHO M3MepuTb
BPEMS BbINONHEHWS, YTOObI yOeAMTLCS, YTO Mbl OXXUAAEM MOBbLIWEHNS NPOU3BOANTENBHOCTHY, U
ybeanTech, 4TO hakTmyeckas nporpamma He COLEPXUT HUKAKMX CKPbITbIX CNYXeOHbIX AaHHbIX.

MNpoBepka - 4OBOIbHO NPOCTOW NPOLECC, KOTOPLIA BKOYaeT B cebs 0bpaTtHOe NpOeKTUpOBaHNE
ncnonHsemoro gpanna, ncnonb3ys, Hanpumep, HCTPYMEHTHI, Takne kak |LSpy . JIT: er
YCNOXHSET NPoBepKyY, MNOCKOJIbKY MPOCMOTP dpakTUYEeCKOro MalwmnHHOro Kkoga aBnseTcs
CNOXHbIM, HO BbINONHUMbIM. OHaKO, Kak NPaBuso, N3yYEeHUE 1L-code JaAET 60MbWME BbIFrOAbl.
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Bonee cnoxHas npobnema - U3MepeHNe; CNOXHEE, MOTOMY YTO CMIOXHO HACTPOUTb
peanncTnyHble CUTYaLmnn, KOTOPbIE NMO3BONISAIOT M3MEPSTb YNydlWweHus B koae. Bee ewe
N3MepPEHNEe HEOLIEHNMO.

AHanus npocTbiX pyHKUMN F #

PaccMOTpMM HEKOTOPblE MPOCTbIe PYHKLIMM F# KOTOPbIE HaKkanmeatT BCe LieNnble YACNa B 1. .n
HanucaHHble pa3nnyHbiMK cnocobamu. MockonbKy aAnanasoH SBNSIeTCS NPOCTOM
apudpmeTnyeckor cepuei, pesynbtaTt MoXeT ObiTb BblYMCNEH HEMOCPEACTBEHHO, HO AN Lenen
3TOro npuMepa Mbl nepebrpaem gnanasoH.

CHavana Mbl onpenenm HEKOTopble NoNe3Hble PYHKUUN ONS UBMEPEHNS BPEMEHW, KOTOPOE
3aHMMaeT PyHKLNS:

// now () returns current time in milliseconds since start
let now : unit -> int64 =

let sw = System.Diagnostics.Stopwatch ()

sw.Start ()

fun () —-> sw.ElapsedMilliseconds

// time estimates the time 'action' repeated a number of times
let time repeat action : int64*'T =
let v = action () // Warm-up and compute value

let b = now ()

for i = 1 to repeat do
action () |> ignore

let e = now ()

e — b, v

time 3aNyCKaeT nencreune NMOBTOPHO, HAM HY>XKHO 3anyCTuTb TeCTbl HA HECKO/IbKO COTEH
MUNNNCEKYHO, 4TOObI YMEHbWNTb ONCMEPCUIO.

3aTteM Mmbl onpeanensaeMm HeCKobko CpYHKLI,I/II?], KOTOpble HakannnmearoT BCe LeNble YHACNAa B 1. .n
pa3HbIMA crnocobamw.

// Accumulates all integers 1..n using 'List'
let accumulateUsingList n =

List.init (n + 1) id

|> List.sum

// Accumulates all integers 1..n using 'Seq'
let accumulateUsingSeq n =

Seqg.init (n + 1) id

| > Seqg.sum

// Accumulates all integers 1..n using 'for-expression'
let accumulateUsingFor n =
let mutable sum = 0
for i = 1 to n do
sum <- sum + i

sum
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// Accumulates all integers 1..n using 'foreach-expression' over range
let accumulateUsingForEach n =
let mutable sum = 0
for i in 1..n do
sum <- sum + i
sum

// Accumulates all integers 1..n using 'foreach-expression' over list range
let accumulateUsingForEachOverList n =
let mutable sum = 0
for 1 in [1..n] do
sum <- sum + i
sum

// Accumulates every second integer 1..n using 'foreach-expression' over range
let accumulateUsingForEachStep2 n =
let mutable sum = 0
for i in 1..2..n do
sum <- sum + i
sum

// Accumulates all 64 bit integers 1..n using 'foreach-expression' over range
let accumulateUsingForEach64 n =
let mutable sum = OL
for i in 1L..int64 n do
sum <- sum + i
sum |> int

// Accumulates all integers n..l using 'for-expression' in reverse order
let accumulateUsingReverseFor n =
let mutable sum = 0
for i = n downto 1 do
sum <- sum + i
sum

// Accumulates all 64 integers n..l using 'tail-recursion' in reverse order
let accumulateUsingReverseTailRecursion n =
let rec loop sum i =
if i > 0 then
loop (sum + i) (i - 1)
else
sum
loop 0 n

Mbl Nnpeanonaraem, 4To pesynbTat 6yaeT 0OMHAKOBbLIM (32 UCK/TIKOYEHUEM OLHOW U3 OYHKLNIA,
NCMONb3YOWKMX NPMPALLEHUNE 2 ), HO eCTb pPasHMLA B NPOM3BOAMTENbHOCTW. [INs M3MepeHus
3TOro onpenensieTcs cnenyolwas gyHKUUS:

let testRun (path : string) =
use testResult = new System.IO.StreamWriter (path)
let write (1 : string) = testResult.WritelLine 1
let writef fmt

FSharp.Core.Printf.kprintf write fmt

write "Name\tTotal\tOuter\tInner\tCCO\tCCl\tCC2\tTime\tResult"

// total is the total number of iterations being executed

let total = 10000000

// outers let us variate the relation between the inner and outer loop

// this is often useful when the algorithm allocates different amount of memory
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1/

let outers

depending on the input size.
[ 1000; 10000; 100000
for outer in outers do

total / outer

| ]

let inner =
// multiplier is used to increase resolution of certain

1/

faster than the slower ones

let testCases

[

// Name of test multiplier
"List" ;A 5
"Seqg" P! P
"for-expression" , 100 o
"foreach-expression" , 100 o
"foreach-expression over List" P! P
"foreach—-expression increment of 2" , 1 0
"foreach-expression over 64 bit" P! ,
"reverse for-expression" , 100 o
"reverse tail-recursion" , 100 P

accumulateUsingReverseTailRecursion

I]

for name,
System.GC.Collect
let cc g

multiplier, a in testCases do
(2,
System.GC.CollectionCount g

System.GCCollectionMode.Forced,

printfn "Accumulate using %s with outer=%d and inner=%d ..."

// Collect collection counters before test run

let pecl, peecl, pece2 = ee 0, ce 1, ce 2
let ms, result = time (outer*multiplier) (fun
let ms = (float ms / float multiplier)

// Collect collection counters after test run

let accO, acc2 cc 2
let ccO,

printfn "

accl, ee 0, ecc 1,

cc2 accl

took:

eed, accO0 - pccO, accl - pccl,
%$f ms,
result

writef "$s\t%d\tsd\tsd\tsd\tsd\tsd\tsf£\ted"

PeaynbTtar Tecta npu pabote Ha .NET 4.5.2 x64:

0)

This can affect cache locality

tests that are significantly

action

accumulateUsingList
accumulateUsingSeq
accumulateUsingFor
accumulateUsingForEach
accumulateUsingForEachOverList
accumulateUsingForEachStep2
accumulateUsingForEach64
accumulateUsingReverseFor

true)

name outer inner

-> a inner)

- pccl

GC collection count %d,%d,%d and produced %A" ms cc0O ccl cc2

name total outer inner ccO0 ccl cc2 ms result
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Test results

1600
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800
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200

List

o

for-expression foreach-expression

W 1000 runs
Mbl BUOUM OpaMaTUYECKYHO PasHULY, U HEKOTOpPbIE Pe3ybTaTbl HEOXMOAHHO MIOXM.
JlaBante NOCMOTPUM Ha NOXMUE CnyYau:

Cnucok

// Accumulates all integers 1..n using 'List'
let accumulateUsingList n =

List.init (n + 1) id

|> List.sum

3necb NPOUCXOANT MOMHbIMA CNUCOK, COA4epXallMin BCE Liefble Ynucna 1..n Co34aeTcs u
yMeHbllaeTCcs C NCNnob30BaHNEM CYyMMbl. 3710 DoNXHO bbITh Bonee JOpOorocToduwmm, 4em npocTo
NoOBTOPEHNE N HakonneHne B gnana3oHe, noxoxe, NpuMepHo Ha 42x megneHHee, 4em umkn for.
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Kpome toro, mbl Bugum, 4to GC BbinonHsAM 0kono 100x BO BpeMsi TECTOBOro NMporoHa, noToMy 4to
KoA Bbloensan MHOro o6 bekToB. 910 Takxe ctout CPU.

Seq

// Accumulates all integers 1..n using 'Seq'
let accumulateUsingSeq n =

Seqg.init (n + 1) id

|> Seq.sum

Bepcus seq He BblAENSAET NOMHBIA List MO3TOMY HEMHOIO YAUBASET, YTO 3T0 ~ 270X MeaneHHee,
4yem uwmkn for. Kpome 10ro, Mmbl BuANM, 4To GC BbINOAHUN 661X.

seq HEAPPEKTMBEH, KOrAa KONMYeCcTBO paboTbl HA OOMH 3NIEMEHT OYEHb HEBENVKO (B 9TOM
cCny4yae arpermpoBaHue AByX LenblxX Ynucen).

Lleno He B TOM, 4TOObI HMKOrOa He UCMob30BaTb seq . [leno B ToMm, 4TOObI N3MEPNTb.

( manofstick edit: seq.init ABNS€TCA BUHOBHNKOM 3TOI CEPbE3HOIN NPOBNEMBI C
NPOU3BOANTENBHOCTbLIO. [[0pa3no apPeKTUBHEE UCNONb30BATL BbIPAXEHWE { 0 .. n } BMECTO
Seq.init (n+1) id.OTO CTAHET HAMHOro 6onee aPPEKTMBHLIM Koraa a1oT PR 06 beanHEH ©
BbinyweH. [laxe nocne pennsa UCXOOHbIN seq.init ... |> Seq.sum BCE PABHO OyAeT MEA/IEHHbIM,
HO HECKONbKO KOHT-UHTYUTUBHO, Seq.init ... |> Seq.map id |> Seq.sum OYAET JOBOJIbHO
ObICTPbIM. DTO O0JIXHO 6bIN0 NoaaepXMBaTh 0OPaTHYO COBMECTUMOCTb C peann3auneit seq.init
, KOTOpas He BbIYUCNSET current M3HAYANBHO, @ CKOpPee 06epThiBAET UX B Lazy OO BEKT, XOTSH 3TO
TOXE LOMXKHO HEMHOrO yNy4YwunTbCs U3-3a 970 PR . NpuMedyaHne ang penakropa: U3BUHUTE, 3TO
CBOEro poaa 6eccBa3Hble 3aMeTKU, HO S HE X04y, 4TOObI Ntoam b6binyn OTCTPaHeHbl 0T Seq, koraa
ynydleHne ToNbkKo 3a yrnom ... Korga ato Bpems npuaet, 6bi1o bbl Xopowo 06HOBUTb
Aunarpammbl KOTOPbIe HaAXOASTCS Ha 3TOU CTpaHuLe. )

foreach-expression yepes cnMcok

// Accumulates all integers 1l..n using 'foreach-expression' over range
let accumulateUsingForEach n =
let mutable sum = 0
for i in 1..n do
sum <- sum + 1

sum

// Accumulates all integers 1..n using 'foreach-expression' over list range
let accumulateUsingForEachOverList n =
let mutable sum = 0
for 1 in [1..n] do
sum <- sum + 1

sum

PasHuua mexgy aTummn AByMS OYHKLMSMU O4EeHb TOHKAs, HO pasHuua B MPON3BOOUTENTbHOCTH
He cocTaBngeT NnpuMepHo 76x. 3ayem? [laBanTe nepenpoekTMpoBaTh NIOXON KOA:
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public static int accumulateUsingForEach (int n)
{
int sum = 0;
int 1 = 1;
if (n >= 1)
{
do
{
sum += 1i;
i++;
}
while (i !'= n + 1);
}

return sum;

public static int accumulateUsingForEachOverList (int n)
{

int sum = 0;

FSharpList<int> fSharpList =

SegModule.ToList<int> (Operators.CreateSequence<int> (Operators.OperatorIntrinsics.RangeInt32 (1,

1, n)));

for (FSharpList<int> tailOrNull = fSharpList.TailOrNull; tailOrNull != null; tailOrNull

fSharpList.TailOrNull)
{
int i = fSharpList.HeadOrDefault;
sum += 1i;
fSharpList = tailOrNull;
}

return sum;

accumulateUsingForEach P€A/IM30BAH KaK S EKTUBHBIN B while LMKMAA , HO for i in [1.

npespallaeTcs B:

FSharpList<int> fSharpList =
SegModule.ToList<int> (
Operators.CreateSequence<int> (
Operators.OperatorIntrinsics.RangeInt32 (1, 1, n)));

OT0 03HA4aeT, YTO CHavyana Mbl CO34aeM seq Hah 1..n WU, HAKOHEL, ToList .

Loporo.

npupatleHue foreach-expression 2

// Accumulates all integers 1..n using 'foreach-expression' over range
let accumulateUsingForEach n =
let mutable sum = 0
for i in 1..n do
sum <- sum + i
sum

// Accumulates every second integer 1..n using 'foreach-expression' over range
let accumulateUsingForEachStep2 n =

let mutable sum = 0

for i in 1..2..n do

.nj

https://riptutorial.com/ru/home

19



sum <- sum + i

sum

Ewe pas pasHuua Mexagy aTumMm AByMs (PyHKUMAMU TOHKAS, HO pasHuua B NPOM3BOANTENBHOCTH
- XecTtokas: ~ 25x

Ewe pas 3anycTuM 1ispy :

public static int accumulateUsingForEachStep2 (int n)
{

int sum = 0;
IEnumerable<int> enumerable = Operators.OperatorIntrinsics.RangeInt32(1, 2, n);
foreach (int i1 in enumerable)
{
sum += 1i;
}

return sum;

A seq CO30a€eTCA Had 1..2..n @ 3aTEM Mbl rlepe6|/|paeM Seq C MOMOLWbIO NnepedHncnnTens.

Mbl 0XXnganu, 4To r¢# CO34aCT YTO-TO BpomOe 3Toro:

public static int accumulateUsingForEachStep2 (int n)
{
int sum = 0;
for (int 1 =

{

1; 1 < n; 1 += 2)

sum += 1i;
}

return sum;

O[HaKo KOMNUASATOP r4# NOOAEPXMUBAET TONbKO 3PIEKTMBHbIE AN UMK/IOB MO AnanasoHam
int32, KOTopble YyBeNMYMBAKOTCSA HA eanHuLy. [1ns BCex OCTanbHbIX CNyyYaesB OH BO3BpaLaeTcs K
Operators.OperatorIntrinsics.RangeInt32 . YTO OO BSACHMT cnenyownn CIOpnpuUsHbIid pesynbTart

foreach-expression 6onee 64 6ur

// Accumulates all 64 bit integers 1..n using 'foreach-expression' over range
let accumulateUsingForEach64 n =
let mutable sum = 0L
for i in 1L..int64 n do
sum <- sum + 1
sum |> int

OT0 BbINONHSAET ~ 47 pa3 MenneHHee, 4eM UnKn for, eANHCTBEHHOE OTNNYNE COCTOUT B TOM, 4YTO
Mbl rlepe6|/|paeM bonee 64 GUTHbIX LENbIX YNCen. ILsSpy NMOKaA3blBAET HaM, No4YeMy:

public static int accumulateUsingForEach64 (int n)
{

long sum = 0L;
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IEnumerable<long> enumerable = Operators.OperatorIntrinsics.RangeInt64 (1L, 1L, (long)n);
foreach (long i in enumerable)
{
sum += 1i;
}

return (int)sum;

F# nognepXxmeaeT TOJIbKO 3(p(peKTVIBHbIe ansa uynknoB ong 4nmcen int32 OH OOJTXKEeH
MCNONb30BaTb PE3EPBHbIE Operators.OperatorIntrinsics.RangeInt64 .

Lpyrue cnyyan npuMepHoO 0AMHAKOBbI:

Test results

for-expression foreach-expression

=)}

Ln

s

w

[

[

=

m1000 runs M1

I'Ipw-MHa CHU>XeHnsa Nnpon3sognTenbHOCTU ONA bonee KPYnHbIX TECTOBbIX MPOroHOB
3akno4yaeTcsd B TOM, 4TO HakKnanoHble pacxodbl NMpn Bbl30OBE action PACTYT, MOCKOJIbKY Mbl AeJlaeM
BCe MeHblle N MeHblle pa60TbI B action .

Linkn B HanpaBneHun o MOXET MHOrAa naBaTb NpenMyuecTsa Npon3BoOaNUTENbHOCTH, Tak Kak OH
MoXeT coxpaHutb peructp CPU, Ho B aTom cnyyae CPU nMeeT pe3epBHble KoMK, NO3TOMY OH,
Nnoxoxe, He NMEeeT 3HAYEHUS.

3aknouyeHue
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N3mepeHue BaxHO, MOTOMY 4TO B MPOTUBHOM CJly4ae Mbl MOT i Obl MOAYMaThb, YTO BCE 9TU
anbTepHaTVBbl 9KBMBANIEHTHbI, HO HEKOTOPbLIE anbTEPHATUBbLI MEANIEHHEE, YEM OpPYrUeE.

lar noaTBepXoeHUs BKOYaAET 0bpaTHOE NPOEKTUPOBAHME, UCMONTHAEMbI daitn noMoraeT Ham
00 bSCHUTB, MO4YEeMy Mbl COENANW UNW HE SOCTUM N 0XMAaeMo npom3BoamTenbHocTu. Kpome
TOro, NPOBEpPKa MOXET MOMOYb HaM NMPOrHO3MPOBaTh NPOM3BOANTENBHOCTL B ClyYasx, Korna
CNULIKOM CJTI0XHO BbINONMHUTL NPaBUIbHOE U3MEPEHNE.

TpyZHO NPOrHO3MpoBaTh NPON3BOANTENBHOCTb BCeraa. ViamepbTe, Bceraa npoBepsiite CBou
NPeanonoXeHns 0 NPOU3BOANTENBHOCTH.

CpaBHeHMe pa3fiMyHbiX KOHBEMEPOB AaHHbIX F #

B r# CyllecTByeT MHOXECTBO BapaHTOB CO3aHNS KOHBEWEPOB AaHHbIX, HAMPUMEP: List , seq U

Array .

Kakoin KoHBenep AaHHbIX Npeano4YTuTeibHee N3 UCMNONb30BaHUS NaMATU U
NPOU3BOAUTENIBHOCTUN?

Y106bl OTBETUTH HA 3TO, Mbl CPABHMM NPOM3BOAMTENBHOCTb U NCMNONb30BAHME NAMATH C
1NCNONb30BaHNEM pa3HbIX KOHBEEPOB.

KoHBewnep AaHHbIX

YT06bl U3MEPUTL HaKNadHble pacxobl, Mbl 6yaeM UCMoNb30BaTh KOHBENEP AaHHbIX C HA3KO
CTOVMMOCTbI0 MpoLieccopa Ha obpabaTbiBaeMble NpeaMeThbI:

let seqTest n =
Seqg.init (n + 1) id

|> Seg.map int64
|> Seqg.filter (fun v -> v % 2L = 0L)
|> Seq.map ((+) 1L)

|> Seq.sum

Mbl co3nannm aKBMBaNEeHTHblE KOHBEEpPbl ANsl BCEX albTEPHATMB U CPABHUM UX.
Mbl 6yem BapbupoBaTh pa3mMep n HO NyCTb obuiee Ynucno pabot byaeT 0ANHaAKOBbIM.
AnbTepHaTUBHbIE UCTOYHUKM DaHHbIX

Mbl cpaBHUM crieaytowme anbTepHaTmBbI:

1. MnepaTunBHbIA KOA,

2. MaccuB (HeNnornyHblin)

3. Cnncok (He neHnBbIN)

4. LINQ (Lazy pull stream)

5. Seq (Lazy pull stream)

6. Heccoc (neHuBbIN TPIOK / TONYOK)
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7. PullStream (ynpoLeHHbI NOTOK TArN)
8. PushStream (Y npouweHHbIn noTok push)

X0oT5 9TO He KOHBelep AaHHbIX, Mbl OyieM CPaBHMBATb C Imperative KOAOM, TaK Kak 310
Hambonee TO4YHO COOTBETCTBYET TOMY, Kak NPOLECCOP BbIMOMHAET KOA. OTO A0SIXEH ObiTb CaMblit
ObICTPbIV CNOCO6 BbIYMCANTD Pe3yNbTaT, NO3BONAWNIA HAM N3MEPUTL HaKNaAHble pacxolbl Ha
NPON3BOANTENBHOCTb AN KOHBENEPOB AAHHbIX.

Array W List BbIYUCNSAKOT NONHbIA array / List HA KAXOOM Liare, NMO3TOMY Mbl OXXMnoaem HexXBaTku
namMsAaTun.

LINQ U Seq OCHOBAHbI HA TEnumerable<'T> KOTOPbIVA NpeAcTaBnseT cobow neHnsblin notok pull (pull
03Ha4aeT, 4TO NOTPEebMTENbCKUA NOTOK BbITACKMBAET AAHHbIE U3 MOTOKA NPOM3BOAUTENS).
Mo3TOMy Mbl OXXNAAEM, 4TO NPOM3BOANTENBHOCTb M UCMONb30BaHNE namMaTn byayT
OLAVNHAKOBbIMU.

Nessos - 9TO BbICOKOMNPOM3BOANTENbHAA NOTOKOBas bubnnoteka, kotopas nogaepxmeaeT push un
pull (Hanpumep, Java strean ).

PullStream n PushStream aBns0TCSa ynpoweHHbIMA peann3aunsamm NoTOKOB pull & Push .

MpoussoautenbHocTb Pe3ynbratbl paboTbl: F # 4.0 - .NET 4.6.1 - x64
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Performance for F#4.0 - .NET .
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Bapbl nokasbiBaloT nNpowelee Bpems, nydwe - Huxe. Obwuin 06 bemM NonesHor paboTbl 4ns
BCEX TECTOB OAMHAKOBbIV, MO3TOMY pPe3yNbTaTbl CONOCTaBMMbI. DTO TakXe 03HavaeT, 4To
HECKO/bKO 3anyCcKoB NoapasyMeBatoT 60nblure Habopbl AaHHbIX.

Kak 06bl4HO, MpY M3MEPEHUUN OOHW BUAST MHTEPECHbIE Pe3ybTaThl.

1. List MOKasaTenel NPoN3BOAMTENBHOCTY CPAaBHUBAETCS C APYrMK anbTepHaTUBamu ons
60nbwnx HAbopPOoB AAHHbIX. DTO MOXET ObITb CBA3AHO C GC MM NIIOXUM MECTOMON0XEHNEM
Kewa.

2. Mpon3BOANTENBHOCTb Array NyHIUE, YHEM 0XMAANOCH.
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3. L1no paboTaeT nyywe, YeM seq , 3TO HEOXMOAHHO, MOTOMY 4TO 06a OHM OCHOBaHbI Ha
TEnumerable<'T> . 1€M HE MEHEE, seq BHYTPEHHE OCHOBAH Ha 00Lel UMNUMEeHTaUNN ONns BCeX
anropuTMOB, B TO BPEMS KakK L.1No UCMOMb3YEeT cneumnannanpoBaHHble anropuTMbl.

4. push paboTaeT nyywe, YeMm pull . ITO OXMNAAETCS, Tak Kak B MOTOKOBOM KaHane AaHHbIX
MEHbLIE NPOBEPOK

5. NpocTenwmne push KOHBENEPDI AAHHbIX CPABHUMBI C Nessos . OHAKO Nessos NOAAEPXMUBAET
BbITArMBAHME M Napannennam.

6. [lns HeboNblWNX KOHBEKEPOB AAaHHbLIX MPON3BOAMNTENbHOCTb Nessos YXYAIAETCS, MOTOMY
4TO HaknadHble pacxodbl Ha yCTaHOBKY TPybonpoBoaoB.

7. Kak n oXXnganocb, Imperative KO

GC Collection count from running on: F# 4.0 - .NET 4.6.1 - x64
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GC Collection count from running on: F#
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Bapbl nokasbiBaioT oblee KONMYECTBO NOACHETOB cc B X0 TecTa, bonee H13Koe. 1o
n3MepeHve KonmnyectTea 06 beKkToB, CO3aHHbIX KOHBEEPOM AAHHbIX.

Kak 06bl4HO, MpY M3MEPEHUUN OOHW BUAST MHTEPECHbIE Pe3ybTaThl.

1. List KaK 0OXunpaetcs, co3paeT 60nblie 06 beKTOB, YEM Array MOTOMY YTO List - 3TO MO
CYLLECTBY €MHCTBEHHbI CBA3aHHbIA CMCOK y3110B. MaccuB - 3T0 HenpepbiBHas obnacTb
namsaTu.

2. PaccmaTtpurBas 6a30Bble HOMEPA, List & Array CO30AET 2 NOKONEHUS KONNeKuuin. Takume
KONnekunmn noporu.
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3. seq 3anyckaeT yaMBMTENbHOE KOIMYECTBO KONNEKUNA. DTO yAUBUTENBHO AaXe XyXe, YEM
List B 9TOM OTHOLWWEHNN.

4. LINO , Nessos , Push M Pull 3aMyCKalT KONNEKUUN 0Nl HECKONbKUX MPOroHOB. TeM He MeHee,
06 beKThbl BbIAENAOTCS, MO3TOMY cc KOHEYHOM UTOre NpuaeTcs 3anyckaTb.

5. Kak 1 0Xxunpanocb, NOCKOMbKY Imperative KO HE BblAENSET HUKAKUX 0O bEKTOB, HE
cobupanncb KONNEKLUN G .

3aknoyeHne

Bce KOHBeVIepr OaHHbIX BbIMONMHAT 04MHAKOBOE KONMYECTBO NONE3HOWN pa60TbI BO BCEX
TECTOBbIX Ciy4asaXx, HO Mbl BUOUM 3HAYUTENbHbIE PA3/TMYA B NPON3BOONTENNIBHOCTU U
Mcnonb3oBaHM NamMAaT MeXay pa3nmnyHbiMn KOHBeVIepaMVI.

Kpome Toro, Mbl 3aMeyaeM, 4To HakNafHble pacxolbl Ha TPYOONPOBOAbI AaHHbIX Pa3nyalTCs B
3aBUCUMOCTM OT pasmepa obpabaTtbiBaeMbix faHHbIX. Hanpumep, ons HebonbluMX pa3MepoB array
paboTaeT OOBONbHO XOPOLWO.

CnepyeT nmeTb B BUAY, 4T0 06eM paboThl, BEINOMHAEMON HA KaXA0M aTane Tpybonposoaa,
O4YeHb Man, 4Tobbl U3MEPUTb HaKNaaHble pacxolbl. B «peanbHbix» CUTyaumsax HaknamnHble
pacxodpbl seq MOTYT HE UMETb 3HAYEHUS, MOCKONbKY pakTuyeckas paborta 3aHumaeT bonble
BPEMEHM.

Bonbuwe BHMMaHNS Bbi3blBAIOT pas3nnyna B CNOJNb30BaHNN NaMATU. cc HE ABNAETCA CBOéOﬂ,HbIM,
n onga n0onroBpeMeHHbIX npmnoerMM nosie3Ho nooanepXxXmBaTtb daBneHne cc .

Ins pa3paboTymKoB r# CBA3AHHbBIX C MPOU3BOAMNTENBHOCTBIO Y UCMOIb30BAHUEM NAMATH,
pekomeHayeTcs NpoBepnTb Nessos Streams .

Ecnun Bam HY>XHa nepBokKiacCHad Nnpon3BoanTENbHOCTb, CTPpATEern4eckn pa3MeIJ.l,eHHbII7I
Imperative KOM 3aCNyXWMBaeT PaCCMOTPEHNA.

HakoHeu, korga neno goxoaut A0 NPOU3BOAUTENbHOCTU, He AenanTte npeanonoXeHun.
N3mMepsTb 1 npoBepsATb.

MNonHbIK UCXOOHbIN KOA:

module PushStream =

type Receiver<'T> = 'T -> bool
type Stream<'T> = Receiver<'T> -> unit
let inline filter (£ : 'T -> bool) (s : Stream<'T>) : Stream<'T> =

fun r => s (fun v -> 1if f v then r v else true)

let inline map (m : 'T -> 'U) (s : Stream<'T>) : Stream<'U> =
fun r => s (fun v -> r (m v))

let inline range b e : Stream<int> =
fun r —>
let rec loop i = if i <= e && r i then loop (i + 1)
loop b
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let inline sum (s : Stream<'T>) : 'T =
let mutable state = LanguagePrimitives.GenericZero<'T>
s (fun v —-> state <- state + v; true)

state
module PullStream =
[<Struct>]

[<NoComparison>]
[<NoEqualityAttribute>]

type Maybe<'T>(v : 'T, hasValue : bool) =
member x.Value = v
member x.HasValue = hasValue

override x.ToString () =
if hasValue then
sprintf "Just %$A" v

else
"Nothing"
let Nothing<'T> = Maybe<'T> (Unchecked.defaultof<'T>, false)
let inline Just v = Maybe<'T> (v, true)

type Iterator<'T> unit -> Maybe<'T>

type Stream<'T> = unit -> Iterator<'T>
let filter (f : 'T -> bool) (s : Stream<'T>) : Stream<'T> =
fun () —>
let i = s ()

let rec pop () =
let mv = 1 ()
if mv.HasValue then
let v = mv.Value
if £ v then Just v else pop ()
else
Nothing
pop

let map (m : 'T —-> 'U) (s : Stream<'T>) : Stream<'U> =
fun () ->
let i = s ()
0 =
let mv = 1 ()

let pop

if mv.HasValue then
Just (m mv.Value)

else
Nothing
pop
let range b e : Stream<int> =
fun () ->
let mutable 1 = b
fun () ->
if 1 <= e then
let p =1
i <=1+ 1
Just p
else
Nothing
let inline sum (s : Stream<'T>) : 'T =
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let 1 = s ()
let rec loop state =
let mv = 1 ()
if mv.HasValue then
loop (state + mv.Value)
else
state
loop LanguagePrimitives.GenericZero<'T>

module PerfTest =

open System.Ling
#if USE_NESSOS

open Nessos.Streams
#endif

let now =

let sw = System.Diagnostics.Stopwatch ()
sw.Start ()
fun () -> sw.ElapsedMilliseconds

let time n a =
let inline cc i = System.GC.CollectionCount i

let v =a ()

System.GC.Collect (2, System.GCCollectionMode.Forced, true)

let bcc0, bccl, bcc2

ee 0, ee 1, ee 2

let b = now ()
for 1 in 1..n do
a () |> ignore

let e = now ()

let eccO, eccl, ecc2 = cc 0, cc 1, cc 2

v, (e — b), eccO - bcclO, eccl - bccl, ecc2 - bccec2
let arrayTest n =

Array.init (n + 1) id

|> Array.map into64

|> Array.filter (fun v -> v % 2L = 0OL)

|> Array.map ((+) 1L)

|> Array.sum

let imperativeTest n =
let rec loop s 1 =
if i >= 0L then
if i $ 2L = 0L then
loop (s + i + 1L) (i - 1L)
else
loop s (1 - 1L)
else
s
loop OL (int64 n)

let lingTest n =
(((Enumerable.Range (0, n + 1)) .Select int64) .Where(fun v -> v % 2L = 0L)) .Select ((+)
1L) .Sum()
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let listTest n =
List.init (n + 1) id

|> List.map

into64

|> List.filter (fun v -> v % 2L = 0L)

|> List.map
|> List.sum

#if USE_NESSOS

((+) 1L)

let nessosTest n =

Stream.initInfinite id
|> Stream.take (n + 1)

| > Stream.map

into64

|> Stream.filter (fun v -=> v % 2L = 0L)

| > Stream.map
| > Stream.sum
#endif

((+) 1L)

let pullTest n =
PullStream.range 0 n

|> PullStream.
|> PullStream.
|> PullStream.
|> PullStream.

map into64

filter (fun v -—> v % 2L = 0L)
map ((+) 1L)

sum

let pushTest n =

PushStream.range 0 n

| > PushStream.
| > PushStream.
| > PushStream.
| > PushStream.

let segTest n =
Seqg.init (n +
| > Seqg.map
|> Seqg.filter
| > Seqg.map
| > Seqg.sum

let perfTest (pa
let testCases
[l
"array"
"imperativ
"ling"
"list"
"seq"
#if USE_NESSOS
"nessos"
#endif
"pull"
"push"
']
use out
let write (msg
let writef fmt

map into64

filter (fun v -=> v % 2L = 0L)
map ((+) 1L)

sum

1) id

into64

(fun v -=> v % 2L = 0L)

((+) 1L)

th : string) =

, arrayTest
e" , imperativeTest
, lingTest
, listTest
, seqTest

, hessosTest

, pullTest
, pushTest

new System.IO.StreamWriter (path)
string) = out.Writeline msg
= FSharp.Core.Printf.kprintf write fmt

write "Name\tTotal\tOuter\tInner\tElapsed\tCCO\tCC1\tCC2\tResult"

let total = 10000000
let outers = [| 10; 1000; 1000000 |]
for outer in outers do
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let inner = total / outer
for name, a in testCases do

printfn "Running %$s with total=%d, outer=%d, inner=%d ..." name total outer inner
let v, ms, cc0O, ccl, cc2 = time outer (fun () -> a inner)
printfn " ... %d ms, cc0=%d, ccl=%d, cc2=%d, result=%A" ms ccO ccl cc2 v

writef "$s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d" name total outer inner ms cc0 ccl cc2 v

[<EntryPoint>]

let main argv =
System.Environment.CurrentDirectory <- System.AppDomain.CurrentDomain.BaseDirectory
PerfTest.perfTest "perf.tsv"
0

MpounTtante F # CoBeTbl M NOACKA3KM MPON3BOANTENBHOCTW OHNANH:
https://riptutorial.com/ru/fsharp/topic/3562/f-sharp-coBeTbi-U-NoACKa3KN-NMPON3BOANTENTIbHOCTU
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rnaBa 5: AKTUBHbIe LLaONOHbI

Examples

MpocTble aKTUBHbIE LLAONOHDI

AKTUBHbIE MOLenV NpeAcTaBnstoT cobol 0cobblii TUM conocTaBneHust ¢ 06pasuom , rae Bbl
MOXeTe yKasaTb , Ha3BaHHble KaTeropum , YTo BalWwy faHHble MOrYT MoMnacTb B, a 3aTeEM
MCMoNb30BaTh 3TN KATErOPUN B match OTYETHOCTW.

Y106bI onpenenntb aKTUBHbIN LI.I8.6J'IOH, KOTOprI7| KnaccnuumpyeT yncna Kak nonoXuTtenbHble,
oTpuuaTtenbHble NN HYNEBbIE:

let (|Positive|Negative|Zero|) num =
if num > 0 then Positive
elif num < 0 then Negative
else Zero

3aTem 3T0 MOXHO 1UCnonb3oBaTh B Bblpa>XeHnn CoOoOTBETCTBUA LLIa6ﬂOHyZ

let Sign value =
match value with
| Positive —-> printf "%d is positive" value
| Negative —-> printf "%d is negative" value
| Zero —-> printf "The value is zero"

Sign -19 // -19 is negative
Sign 2 // 2 is positive
Sign 0 // The value is zero

AKTUBHbIe LWAaONOHbI C NapameTpammn

AKTMBHblE WabNOHbI - 3TO NPOCTO NPOCTbIE PYHKLNN.

|-|O,£I,06HO CDYHKLI,I/IHM Bbl MOXETE onpenenintb OOMONMHNTENIbHbIE NAapaMeTpbl:

let (|HasExtension|_|) expected (uri : string) =
let result = uri.EndsWith (expected, StringComparison.CurrentCulturelgnoreCase)
match result with
| true —-> Some true
| —> None

9T0 MOXHO MCNONb30BaTh B WabNoHe, COOTBETCTBYIOLEM 3TOMY CMOCoby:

let isXMLFile uri =
match uri with
| HasExtension ".xml" _ -> true
| -> false
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AKTUBHbIE LUAa6NOHbI MOTYT UCNOJIb30BATLCA A1 NMPOBEPKU U
npeobpa3oBaHNA apryMeHToB oyHKLIMU

NHTepecHoe, HO AOBONbHO HEM3BECTHOE NCMO/b30BaHNe akTUBHbIX WabNOHOB B F# 3aK/IHO4AETCS
B TOM, 4TO OHW MOTYT UCMONb30BATLCSA ANs NPOBEPKM M Npeobpas3oBaHnst apryMeHToB GOYHKLIMN.

PaccmoTpuM knaccmyeckmin crnocob npoBepKn NpaBUNbHOCTY apryMeHTOB:

// val f : string option —-> string option —-> string
let £ v u =

let v = defaultArg v "Hello"

let u = defaultArg u "There"

v+ "4y
// val g : 'T —> 'T (requires 'T null)
let g v =

match v with
| null -> raise (System.NullReferenceException ())
| -> v.ToString ()

O6bl4HO Mbl fo6aBNsSiEM KOL B METOL, 4TOObI MPOBEPUTL NPABUIBLHOCTb apryMeHToB. Vicnonbays
Active Patterns B r# Mbl MOXeM 00606WUTb 3TO M 06BABUTL HaMEPEHWE B 0O bSBNEHUN
aprymeHTa.

Cnepnytowunii Kog, 3KBMBANEHTEH NPUBELEHHOMY Bbille KOAY:

let inline (|DefaultArg|) dv ov = defaultArg ov dv

let inline (|NotNull]|) v =
match v with
| null -> raise (System.NullReferenceException ())
[ -> v
// val f : string option -> string option —-> string
let £ (DefaultArg "Hello" v) (DefaultArg "There" u) = v + " " + u

// val g : 'T -> string (requires 'T null)
let g (NotNull v) = v.ToString ()

Ins nonb3oBatens OYHKUWIA £ U g HET pa3HWLbl MEX Y [BYMS Pa3HbIMU BEPCUSIMU.

printfn "$A" <| f (Some "Test") None // Prints "Test There"
printfn "$A" <| g "Test" // Prints "Test"
printfn "$A" <| g null // Will throw

Bbi3biBaeT 6ecnokoicTBo, ecnu Active Patterns yBennumaet HaknagHbole pacxonbl. [laBainte
NCMNONb3YEM 1LSpy AN AEKOMMUAALUMM £ U g YTOObI yOeanTbCs, 4TO 9TO Tak.

public static string f (FSharpOption<string> _arg2, FSharpOption<string> _argl)
{

return Operators.DefaultArg<string>(_arg2, "Hello") + " " +
Operators.DefaultArg<string>(_argl, "There");
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public static string g<a>(a _argl) where a : class
{
if (_argl !'= null)
{
a a = _argl;
return a.ToString();

}

throw new NullReferenceException () ;

Bnaronaps iniine Active Patterns nobaBnsieT NUMWHMX HakNaLHbIX PACXOLO0B MO CPABHEHWIO C
Knaccuyecknm cnocobom npoBepku NpaBuibHOCTN apryMeHTOB.

AKTMBHbIE LWIAabNoHbI KaKk 06epTku .NET API

AKTVBHbIE WabnoHbl MOTYyT UCMONb30BaTLCA ANS TOro, 4Tobbl caenath Bbi3oB HekoToporo .NET
API bonee ecTecTBEHHbIM, 0COOEHHO T€, KOTOPbIE MCMONb3YKOT BbIXOOHOW NapameTp, Y4Tobbl
BO3BpawaTb 60/blie, HeM NPOCTO BO3BpALLAeEMOe 3HaYeHne OYHKLNN.

Hanpumep, Bbl 06bIYHO BbI3bIBAETE METOL, System. Int32. TryParse CEAYIOWMM 00pa30M:

let couldParse, parsedInt = System.Int32.TryParse("1")
if couldParse then printfn "Successfully parsed int: %$i" parsedInt
else printfn "Could not parse int"

Bbl MOXeTe HEMHOrO YNy4wnTb 3TO, NCMNOJIb3YA CONMoCTaB/eHne wabnoHOB:

match System.Int32.TryParse("1") with
| (true, parsedInt) —-> printfn "Successfully parsed int: %$i" parsedInt
| (false, _) -> printfn "Could not parse int"

OpHako Mbl TaKXXe MOXKEM OMNPeaenvTb CNeayowmnin ak TUBHbIN WwabnoH, KOTopbI 0bepTbiBaeT

(*)YHKLI,I/II'O System.Int32.TryParse .

let (|Int|_|) str =
match System.Int32.TryParse(str) with
| (true, parsedInt) -> Some parsedInt
| _ —=> None

Tenepb Mbl MOXEM coenatb cnegyroulee:

match "1" with
| Int parsedInt —-> printfn "Successfully parsed int: %$i" parsedInt
| _ —=> printfn "Could not parse int"

Lpyrum xopownm KaHONOATOM N5 BKIOYEHMS B aKTUBHbIE WabnoHbl aBnstoTcs APl perynspHbix
Bblpa>XXeHWiA:
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let (|MatchRegex|_|) pattern input =
let m = System.Text.RegularExpressions.Regex.Match (input, pattern)
if m.Success then Some m.Groups.[l].Value
else None

match "bad" with
| MatchRegex " (good|great)" mood —>
printfn "Wow, it's a %s day!" mood
| MatchRegex " (bad|terrible)" mood —->
printfn "Unfortunately, it's a %s day." mood
| =>

printfn "Just a normal day"

NMonHble n YacTUYHble aKTUBHbIE LLUAOJOHDI

CywecTByeT OBa TUNa akTUBHbIX WabN0OHOB, KOTOPbIE HECKO/IbKO OTIMYAKOTCS B MCMOJIb30BaAHUN
- MonHbI N YacTUYHBINA.

MonHble aKkTMBHbIE WabnoHbl MOXHO ncnoJsib3oBaTb, Koraa Bbl MOXETE NepevHncnnTb BCce
pe3ynbTartbl, HANpnMep «4ncno He4eTHoe nnn naxe?».

let (|Odd|Even|) number =

)

if number % 2 = 0
then Even
else 0Odd

O6paT|/|Te BHMMaHMe, 410 onpenersieHne aktTmuBHoro wabnoHa CooepXNT CMNCOK BO3MOXKHbIX
cny4aeB 1 HM4ero gpyroro, n Teno so3spawaetT oanH N3 nepevyncneHHbIX ciiy4aes. Korpna Bbl
ncnonb3dyeTte ero B Bblpa>XeHnn CooTBETCTBUA, 3TO MNMOJIHOE CcoBNageHue:

let n = 13

match n with

| Odd —-> printf "%i is odd" n

| Even —> printf "%i is even" n

910 y,ﬂ,06HO, €CJiIn Bbl XOTUTE pa36I/ITb BXOOHOE NPOCTPaHCTBO HA M3BECTHbIE KaTeropuu,
KOTOpbl€ NOJIHOCTbIO €ro NnoKpbiBakoT.

C Lpyroi CTOPOHbI, YaCTUYHblE aKTUBHbIE WabNoHblI NO3BONSIOT SBHO UTHOPUPOBATbL HEKOTOPbIE
BO3MOXHble pe3ybTaTtbl, BO3BpALAs option . B X ONpeneneHmm ncnonb3yeTcs YacTHbIN crnyyan
_ Anga Henpes30oMAEeHHOro cnyyas.

let (|Integer|_|) str =
match Int32.TryParse(str) with
| (true, 1) —-> Some i
| _ —> None

Takum 06pa3oM, Mbl MOXEM COMOCTABNSATh, AaXe €CNN HEKOTopble cly4Yan He MoryT ObiTb
obpaboTaHbl Halelh yHKUMER CUHTaKCMYECKOro aHannsa.
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let s = "13"

match s with

| Integer 1 —-> "%i was successfully parsed!" i
| _ —> "%s is not an int" s

YacTuyHble akTUBHblE WabnoHbl MOryT MCMONb30BaTLCS Kak oopMa TEeCTMPOBaHUS, HE3aBMCUMO
OT TOro, nonagaeT N BXO4 B ONpeaeneHHyo KaTeropuio BO BXOAHOE NPOCTPAHCTBO, UTHOPUPYS
Lpyrve napameTpbl.

MpounTaiite AKTUBHbIE WAbNOHbI OHNalH: https://riptutorial.com/ru/fsharp/topic/962/ak TBHble-
WwabnoHbl
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rnasa 6: BeeneHve B WPF B F #

BctynneHue

B aToM pasgene nokasaHo, Kak Mcrnonb3osatb (PyHKLMOHaNbHOE NporpaMMmupoBaHme B
npunoxeHun WPF . lNepBebiii npyMep - 310 coobweHmne ot Maris Krivtezs (cm. Pazgen «
lNpumeyaHus » BHn3y). [NprnynHa nepecmoTpa 3TOro NpoekTa ABOSKas:

1\ KoHCTpyKUMsa noaaepXmBaeT pasneneHve npobnem, B To BpeMs Kak MOAeNb
NOAAEPKMBAETCS YACTON, a UBMEHEHNS PACMPOCTPAHATCA OYHKLMOHANBHO.

2\ CxoncTBO NpuBedeT K nerkomy nepexony Ha peanusauuio Gjallarhorn.

3aMmedyaHusa

[emo-npoekTbl 6ubnmnotekn @GitHub

» FSharp.ViewModule (nog FsXaml)
e Gjallarhorn (ref O6pa3aupbl)

Mapwc KpreTex Hanucan ase 60/blwmne nocTbl Ha 3Ty TEMY:
o [Mpunoxenne F# XAML - MVVM n MVC, roe BblaeneHbl MoChl 1 MUHYCbl 060MX MOAXOA0B.

S 4yBCTBYIO, 4TO HU OOUH N3 3TUX CTUNEN NPUNOXeHUA XAML He BbiUrpbiBaeT OT
JOYHKLMOHANbHOro NporpamMmMmnpoBaHuns. S npegnonarao, 4To ngeanbHoe
npunoxexue byneTt cCOCTOATb U3 NPeACTaBNEHNS, KOTOPOE Cco38aeT COObITMSA 1
cobbITVS, NMetoWmMe Tekyllee COCTOsIHNE NpeacTasneHus. Bes npyuknagHas norvka
[onXHa obpabatbiBaTbCs NyTEM (OUbTPALMM U MAHUMYIMPOBAHUS COBLITUAMUN 1
MOJLenblo NpeacTaBfieHns, a Ha BbIX04e OHa OOMXHA co34aTb HOBYIO MOAENb
npeacTasfieHns, KoTopas npuea3aHa K npencrasfieHnto.

o F# XAML - MVVM ¢ BeOOMbBIM CODBITIEM, PACCMOTPEHHBIM BbILIE.

Examples

FSharp.ViewModule

Hawe gemMo-npunoxeHue coctont n3 tabno. Mogenb oUeHKM - HemaMeHHas 3anuncb. CobbiTus
Tabno cogepxartcs B Tune Coto3za.

namespace Score.Model

type Score = { ScoreA: int ; ScoreB: int }
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type ScoringEvent = IncA | DecA | IncB | DecB | NewGame

N3meHeHus pacnpoCcTpaHATCA NyTeM npocnywnBaHnsA COBbITUIA 1 COOTBETCTBEHHO M3MEHEHNS
mMonoenun npenctaBneHns. BmecTo nobaBneHms YneHoB B TUM momenu, kak n B OOI, Mbl
06bSIBNSIEM OTAENbHbIN Monoynb Ans pa3MelleHns pa3pelleHHbIX onepaumﬂ.

[<CompilationRepresentation (CompilationRepresentationFlags.ModuleSuffix)>]
module Score =
let zero = {ScoreA = 0; ScoreB = 0}
let update score event =
match event with
IncA -> {score with ScoreA = score.ScoreA + 1}
DecA —-> {score with ScoreA = max (score.ScoreA - 1) 0}

|

|

| IncB —-> {score with ScoreB = score.ScoreB + 1}

| DecB -> {score with ScoreB = max (score.ScoreB - 1) 0}
|

NewGame —-> zero

Hawa MoneNb NpedCcTaBNEeHNSA EventViewModelBase<'a> U3 EventViewModelBase<'a> , KOTOPAA NUMEET
CBOWCTBO EventStream TUMNA IObservable<'a> . B 9TOM cfiyyae cobblTMs, KOTOPbIE Mbl XOTUM
noanucaTbCs, UMEIOT TUM ScoringEvent .

KoHTponnep ynpaBnsieT cobblTsaMU B oyHKLIMOHANBHOM pexumMe. Ero noanuck score ->
ScoringEvent -> Score MOKa3blBA€T HaM, YTO BCAKUIA pa3, Koraa npoucxoamnt cobbiTme, Tekyllee
3Ha4yeHne MoLenu npeobpasyeTcs B HOBOe 3HaAYeHMe. DTO NO3BONSIET Halen Moaenu
0CTaBaTbCS YACTbIM, XOTS Hala MOAENb B3rNsA0B HE SBNSETCS.

eventHandler OTBEYaET 3d UBMEHEHNE COCTOAHNA NpPencTaB/iEHUS. Hacneuyﬂ oT
EventViewModelBase<'a> Mbl MOXEM NCMNO/NTb30BATb EventValueCommand U EventValueCommandChecked OJ5

noaKnto4YeHnA cobbITUIA K KOMaHOam.

namespace Score.ViewModel

open Score.Model
open FSharp.ViewModule

type MainViewModel (controller : Score —> ScoringEvent -> Score) as self =
inherit EventViewModelBase<ScoringEvent> ()

let score = self.Factory.Backing (<@ self.Score @>, Score.zero)
let eventHandler ev = score.Value <- controller score.Value ev
do

self.EventStream
|> Observable.add eventHandler

member this.IncA = this.Factory.EventValueCommand (Inch)

member this.DecA = this.Factory.EventValueCommandChecked (DecA, (fun _ —-> this.Score.ScoreA
> 0), [ <@Q@ this.Score @@> ])

member this.IncB = this.Factory.EventValueCommand (IncB)

member this.DecB = this.Factory.EventValueCommandChecked (DecB, (fun _ —-> this.Score.ScoreB
> 0), [ <@Q@ this.Score @@> ])

member this.NewGame = this.Factory.EventValueCommand (NewGame)
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member .Score = score.Value

Kon dpavina (* .xaml.fs) - aTo MecTo, roe Bce CBeAEHO BMECTe, T.e. PyHKLMSA 06HOBNEHMS (

controller) BBOOUTCHA B MainViewModel .

namespace Score.Views
open FsXaml
type MainView = XAML<"MainWindow.xaml">

type CompositionRoot () =
member __ .ViewModel = Score.ViewModel.MainViewModel (Score.Model.Score.update)

TWN compositionroot ABNSETCA 06EPTKOW, HA KOTOPYIO ccbinaetcs dpan XAML.

<Window.Resources>
<ResourceDictionary>
<local:CompositionRoot x:Key="CompositionRoot"/>
</ResourceDictionary>
</Window.Resources>
<Window.DataContext>
<Binding Source="{StaticResource CompositionRoot}" Path="ViewModel" />
</Window.DataContext>

S 6onblue He Byay norpyxartbes B goainn XAML, nockonbky a1o 6a3oBbiii MaTepuan WPF, Becb

NMPOEKT MOXHO HanTh Ha GitHub .

Gjallarhorn

OcHoBHble Tunbl bubnuotekn Gjallarhorn peannsytoT rtobservable<'a> , YTO COENAET peann3aumio

3HaKoOMOW (MOMHUTE CBOWCTBO Eventstream U3 MPUMepa FSharp.ViewModule). EanHcTBEHHOE
peanbHOe N3MEeHeHMe Halein Mo4enu - 3TO NoPSAOK apryMeHToB doyHKUMM 06HoBReHUsl. Kpome

TOro, TENepb Mbl UCMONb3YeM TEPMUH « CO0bLLEHNE BMECTO COOLITUSI .

namespace ScorelLogic.Model

type Score = { ScoreA: int ; ScoreB: int }
type ScoreMessage = IncA | DecA | IncB | DecB | NewGame

// Module showing allowed operations
[<CompilationRepresentation (CompilationRepresentationFlags.ModuleSuffix)>]
module Score =
let zero = {ScoreA = 0; ScoreB = 0}
let update msg score =
match msg with
IncA -> {score with ScoreA = score.ScoreA + 1}
DecA —-> {score with ScoreA = max (score.ScoreA - 1) 0}

|

|

| IncB —> {score with ScoreB = score.ScoreB + 1}

| DecB -> {score with ScoreB = max (score.ScoreB - 1) 0}
|

NewGame —-> zero

Y106kl cO30aTh Nonb3oBaTeNbCckuii MHTEpdoelic ¢ Gjallarhorn, BMecTo Toro, 4Tobbl co34aBaTh

https://riptutorial.com/ru/home

39


https://github.com/marisks/evented_mvvm/tree/mvc_refactored
http://reedcopsey.github.io/Gjallarhorn/index.html
http://reedcopsey.github.io/Gjallarhorn/index.html

Knaccbl gns noaaepXKun NpuBA3KM AaHHbIX, Mbl CO34aeM NPOCTble (PYHKLMMW, HA3blBaeMble
Component . B MX KOHCTPYKTOPE NEPBbIN source APryMeHTa UMEET TUM BindingSource (
onpeneneHHbin B Gjallarhorn.Bindable) n ucnonb3yetcs ons conocrtaBneHns Mogenu ¢
npeacTaBneHnem 1 cobbiTii 3 NpeacTaBneHns obpaTHO B COOOLWEHNS.

namespace ScorelLogic.Model

open Gjallarhorn
open Gjallarhorn.Bindable

module Program =

// Create binding for entire application.

let scoreComponent source (model : ISignal<Score>) =
// Bind the score to the view
model |> Binding.toView source "Score"

// Create commands that turn into ScoreMessages
source |> Binding.createMessage "NewGame" NewGame
source |> Binding.createMessage "IncA" IncA
source |> Binding.createMessage "DecA" DecA
source |> Binding.createMessage "IncB" IncB
source |> Binding.createMessage "DecB" DecB

Tekywas peanusaums otnnyaeTcs ot Bepcum FSharp.ViewModule TeM, 4TO ABe KOMaHObl He
nmetoT CanExecute [onXHbIM 06pa3oM peannaoBaHbl. TakXe nepevyncneHne CaHTEXHUKN
NPUNOXEHNS.

namespace ScorelLogic.Model

open Gjallarhorn
open Gjallarhorn.Bindable

module Program =

// Create binding for entire application.

let scoreComponent source (model : ISignal<Score>) =
let aScored = Mutable.create false
let bScored = Mutable.create false

// Bind the score itself to the view
model |> Binding.toView source "Score"

// Subscribe to changes of the score
model |> Signal.Subscription.create
(fun currentValue —>
aScored.Value <- currentValue.ScoreA > 0
bScored.Value <- currentValue.ScoreB > 0)

|> ignore

// Create commands that turn into ScoreMessages

source |> Binding.createMessage "NewGame" NewGame

source |> Binding.createMessage "IncA" IncA

source |> Binding.createMessageChecked "DecA" aScored DecA
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source |> Binding.createMessage "IncB" IncB
source |> Binding.createMessageChecked "DecB" bScored DecB

let application =
// Create our score, wrapped in a mutable with an atomic update function
let score = new AsyncMutable<_> (Score.zero)

// Create our 3 functions for the application framework

// Start with the function to create our model (as an ISignal<'a>)
let createModel () : ISignal<_> = score :> _

// Create a function that updates our state given a message

// Note that we're just taking the message, passing it directly to our model's update

function,
// then using that to update our core "Mutable" type.

let update (msg : ScoreMessage) : unit = Score.update msg |> score.Update |> ignore

// An init function that occurs once everything's created, but before it starts

let init () : unit = ()

// Start our application
Framework.application createModel init update scoreComponent

OcTtanocb HaCTPOUTb pa3BFI3aHHbIVI BMna, 00 BbEeONHSA TUN MainWindow M NOFMYECKOE NPUNoXxeHune.

namespace ScoreBoard.Views

open System

open FsXaml
open Scorelogic.Model

// Create our Window
type MainWindow = XAML<"MainWindow.xaml">

module Main =
[<STAThread>]
[<EntryPoint>]
let main _ =
// Run using the WPF wrappers around the basic application framework
Gjallarhorn.Wpf.Framework.runApplication System.Windows.Application MainWindow
Program.application

OT0 NOABOAMT UTOI OCHOBHbLIM KOHLENUMAM, JONONHNUTENbHOMN nHdopmMaumn n bonee CJTIOKHOMY

npumepy, noxanyicTa, obpaTtuntech K coobweHnuto Puaa Korcu . MpoekT « PoxaecTBeHckue

AdepeBbs » Nnogv4epkKmBaeT napy npenmylecTs Takoro noaoxona:

e OpheKkTUBHO M36aBNsS HAC OT HEOHXOAMMOCTM (BPYYHYHO) KONUPOBaTb MOLENb B
MoNb30BaTENbCKYO KONNEKUMIO MOLENE B3rNsaA0B, YyNPaBisaTh MU U BPYYHYIO
KOHCTPYyMpOBaTb MOLENb U3 PE3YyNbTaToB.

e O6GHOBNEHNS B KONNEKLMSIX BbIMONHAOTCS npo3payHblM 06pa30M, COXpaHsAA HACTYIO

Mone/b.

* Jloruka u npenctasneHne opraHn3oBaHbl BYyMSA pa3HbIMM NPOEKTAMK, HTO NoA4YepKnBaeT
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pasneneHue npobnem.

Mpountante BeeneHne B WPF B F # oHnanH: https://riptutorial.com/ru/fsharp/topic/8758/
BBeAeHune-B-wpf-B-f-sharp
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rnaesa 7: IlXxeHepuku

Examples

CTopHupoBaHue cnucka nboro Tuna

qTOﬁbIOTMeHMTbCﬂMCOK,HeBaMGKLKaKMGTMHbIHBHHDTCHSHGMeHTaMMCHMCKa,TOﬂbKOTO,B
KakoM nopsanke OHM HaxoOsAaTCA. OTO naeanbHblA KaHON4AT Ha YHMBEpCcaibHY0 PyHKLWIO,
NO3TOMY MOXHO UCMOJ/Ib30BaTh Ty Xe& CaMyto 06paTHy+o (PYHKUNIO HE3aBMCMMO OT TOrO, KakoWn
CMNuMcokK nepenaH.

let rev list =

let rec loop acc = function

| [] —> acc

| head :: tail -> loop (head :: acc) tail
loop [] list

B kone He penaetcs HUKakmx NPeanoNioXeHunid o Tunax anemeHToB. Komnunatop (mnn F #
interactive) ckaxxeT BaM, 4TO curHaTypa Tuna aTo OyHKUMN NpeacTaBnsieT cobow 't 1ist —> 'T
list 'T COOOWAeT BaM, 4TO 3TO 06wWwin TMn 6e3 orpaHnyeHnin. Bol Takxe MOXeETe YyBUAETD 'a
BMECTO 'T - MNCbMO HECYLECTBEHHO, MOTOMY 4YTO 3TO BCEro NULb 0bwmi 3anonHuTenb. Mol
MOXEM Nepenatb int list WIN int list string list , U 062 OHW ByayT ycnewHo paboTaTsb,
BO3BpALLAS int list UW string 1ist COOTBETCTBEHHO.

Hanpuwmep, B F # interactive:

> let rev list = ...

val it : 'T list -> 'T list

> rev [1; 2; 3; 41;;

val it : int list = [4; 3; 2; 1]

> rev ["one", "two", "three"];;

val it : string list = ["three", "two", "one"]

Otob6paxeHue crnucka B Apyrom euae

let map £ list =

let rec loop acc = function

[ [ -> List.rev acc

| head :: tail -> loop (f head :: acc) tail
loop [] list

MoanucsiMn aToin PYHKLMN SBASIETCS ('a -> 'b) -> 'a list —-> 'b list , KOTOPbIA ABNSETCS
Hambonee obwmM. OTO HE MEWAET 'a ObITb TEM XE TUMOM, YTO M 'b , HO TakXe MO3BONSET UM
OblTb ApYrvM. 30ECb Bbl MOXETE BUAETb, YTO 'a TUM, ABNSIOWWNIACS NapaMeTPoOM QOYHKLINN £
LONXEH COOTBETCTBOBATb TUMY NapameTpa 1ist . 9Ta PYHKLMS NO-NPeXHEMY HOCUT 0B
XapakTep, HO eCTb HEKOTOPbIE HEOOMbLINE OrPaHNYEHMS HA BXOAb! - ECNIM TUMbI HE COBMNAaAatoT,
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byneT ownbka KOMAUAALNN.
MNpumepsbl:

> let map £ list = ...

val it : ('a -> 'b) -> 'a list -> 'b list

> map (fun x -> float x * 1.5) [1; 2; 3; 41;;

val it : float list = [1.5; 3.0; 4.5; 6.0]

> map (sprintf "abc%.1f") [1.5; 3.0; 4.5; 6.0]1;;

val it : string list = ["abcl.5"; "abc3.0"; "abc4.5"; "abc6.0"]
> map (fun x -> x + 1) [1.0; 2.0; 3.0]1;;

error FS0001: The type 'float' does not match the type 'int'

MpounTtante IxeHepukn oHnarmH: https://riptutorial.com/ru/fsharp/topic/7731/nxeHepuku
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rnasa 8: IMCKpUMMUHALMOHHbIE COHO 3bl

Examples

MMeHOBaHMe 3n1eMeHTOB KOpTE)KeI7I B paMKaxX ANCKPUMUWHALUMNOHHbIX COHO30B

I'Ip|/| onpeneneHnn JNCKpMMNHaUMOHHbIX COKO30B Bbl MOXETE HAa3BaTb 3/1IEMEHTbI TUMOB
KOpTe)I(eVI M NCcnoJsib3oBaTtb 3TN MMEHA BO BPEMSA COMOCTABNEHUA waboHOoB.

type Shape =
| Circle of diameter:int
| Rectangle of width:int * height:int

let shapeIsTenWide = function
| Circle(diameter=10)
| Rectangle (width=10) -> true
| _ —> false

KpOMe TOro, MMeHoBaHMe 3JIeEMEHTOB OANCKPUMUNHALUMOHHbDIX O6‘be,ﬂ,|/|HeH|/||7| ynydywaeTt YNTaeMoCTb
Koda n coBMeCTMMOCTb C MMEHAMW, YKa3aHHbIMU B C #, 6y,D,YT ncnonb3oBaTbCAa Ansd UMeH
CBOVACTB 1 NapaMeTpOB KOHCTPYKTOPOB. 110 yMONYaHMIO CreHepUpPOBaHHbLIE UMEHA B KO
B3aMMOOENCTBUS ABASAIOTCH «ltem», «lteml», «ltem2» ...

Mcnonb3oBaHMe OCHOBHOIO ANCKPUMNHAUMNOHHOIo Cor3a

LrckpMnHaLMOHHbIe coto3bl B F # npennaratot cnocob onpeneneHnst TUnoe, KOTopbie MOry T
conepxarb noboe KONMYECTBO pasHbIX TUMOB AaHHbIX. VX pyHKLMOHaNbHOCTbL NogobHa
obbeanHeHmam C ++ nnm BapnaHTam VB, HO C ONONHUTENbHBIM MPENMYLLECTBOM HE30MacHOro
Tuna.

// define a discriminated union that can hold either a float or a string
type numOrString =

| F of float

| S of string

let str = S "hi" // use the S constructor to create a string
let f1 = F 3.5 // use the F constructor to create a float

// you can use pattern matching to deconstruct each type
let whatType x =
match x with
| F £ —> printfn "%f is a float" f
| S s —> printfn "%s is a string" s

whatType str // hi is a string
whatType f1 // 3.500000 is a float

O61beanHeHUs B cTUe enum
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NHopmaums o Tune He TpebyeTcs BKAOYATb B C/lyYan AUCKPUMMHALMOHHOMO coto3a. Onyckas
NHAOPMaLMIO O TUMNeE, Bbl MOXETE co3aaTbh 06 beanHeHNEe, KOTOPOE NPOCTO NPeACcTaBnseT cobol
Habop BapraHTOB, aHANOrMYHO NEPEYNCTIEHUIO.

// This union can represent any one day of the week but none of
// them are tied to a specific underlying F# type
type DayOfWeek = Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday

Mpeobpa3oBaHue B CTPOKU U U3 CTPOK C OTpaXeHUem
NHoroa HeobxooMMo nNpeobpasoBaTtb OMCKPUMUHUPOBAHHDIA COKO3 B CTPOKY U U3 Hee:

module UnionConversion
open Microsoft.FSharp.Reflection

let toString (x: 'a) =
match FSharpValue.GetUnionFields (x, typeof<'a>) with

| case, _ —-> case.Name
let fromString<'a> (s : string) =
match FSharpType.GetUnionCases typeof<'a> |> Array.filter (fun case -> case.Name = s)
with
| [lcasel|] —> Some (FSharpValue.MakeUnion(case, [|]])) :?2> 'a)
| _ —> None

EouvHbIN cnyyan AucCKpUMMHaLUU

EOvHCTBEHHDbIV cryyai, Koraa OUCKPUMUHALMOHHBIA COto3 nogobeH nobomy opyromy
ONCKPUMUHALMOHHOMY COIO3Y, 3a UCKNIOYEHMEM TOro, 4TO OH UMEET TONbKO OAMH CnyYan.

// Define single-case discriminated union type.

type OrderId = OrderId of int

// Construct OrderId type.

let order = OrderId 123

// Deconstruct using pattern matching.

// Parentheses used so compiler doesn't think it is a function definition.
let (OrderId id) = order

OH noneseH onsa obecneyveHns 6€30nacHOCTM TUMOB M 0ObIYHO Ncnonb3dyeTcs B F #, B 0Tnnyme
oT C # 1 Java, re co3gaHue HoBbIX TUMOB TPebyeT AONONHUTENbHbBIX HaKNaaHbIX PACX0L0B.

Cnenylouwle OBa albTepPHATUBHbIX TUMNa onpeneneHns NnpnBooAT K 06 SBNEHMIO OQHOIO U TOTO
Xe 00 bSBNEHHOro € AUHCTBEHHOIO cny4yas:

type OrderId = | OrderId of int

type OrderId =
| OrderId of int

MUcnonb3oBaHue ANCKPEeTU3NpoBaHHbIX OTAEJIbHbIX CJlly4YaeB B Ka4yecTtBe
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3anucen

NHor na 6biBaeT Nones3Ho cosnaeaTth TUMbl 06 beanHEHNS TONbKO C OOHUM ClyYaeM ans
peann3auuu Tuna 3anvucemn:

type Point = Point of float * float

let pointl = Point (0.0, 3.0)

let point2 = Point (-2.5, -4.0)

OHM CTAHOBSITCS OYEHb MONIE3HLIMM, MOTOMY 4YTO MX MOXXHO PasnoXuTb C MOMOLLbIO
conocTaBneHmsi ¢ 06pasLOM Tak Xe, Kak apryMeHThbl kopTexa:

let (Point(xl, yl)) = pointl
// val x1 : float = 0.0
// val yl : float = 3.0

let distance (Point (x1l,yl)) (Point (x2,y2)) =
pown (x2-x1) 2 + pown (y2-yl) 2 |> sqgrt
// val distance : Point -> Point —-> float

distance pointl point2

// val it : float = 7.433034374

RequireQualifiedAccess

C an|/|6YTOM RequireQualifiedAccess , Clly4aun O6'be,EI,I/IHeHI/I9I OOJTXHbl YNOMNHATbCA KakK
MyUnion.MyCase & HE TOJNIbKO MyCase . 9TO npenotepauwaeT KOHq.))'II/IKTbI MMeH BO BMellaweM
NPOCTPAHCTBE MMEH U Moayne:

type [<RequireQualifiedAccess>] Requirements =
None | Single | All

// Uses the DU with qualified access
let noRequirements = Requirements.None

// Here, None still refers to the standard F# option case
let getNothing () = None

// Compiler error unless All has been defined elsewhere
let invalid = All

ECHVI, HanpuMep, system 6bina OTKpPbITA, single OTHOCUTCA K System.Single . HeT cTonkHOBEHUS C

NPOJPCOO3HbBIM CNYYaAEM. Requirements.Single .

PekypcuBHbIe OUCKPUMUHALLMOHHbIE COHO 3bl

PeKypCUBHbIU TUN
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L MCKPUMUHALIMOHHBIE COO3bl MOTYT ObITb PEKYPCUMBHBLIMK, TO €CTb OHU MOTYT CCblNaTbCs Ha cebs
B CBOEM OnpeneneHun. [ naBHbIM NPMMEPOM 34eCb SBNSETCS AEPEBO:

type Tree =
| Branch of int * Tree list
| Leaf of int

B kayecTBe npuMepa naBaiiTe onpenenuM cneayllee nepeso:

Mbl MOXEM onpenennTb 3TO AEPEBO, UCMONb3YS HaW PEKYPCUBHbIA ANCKPUMUHUPOBAHHBIV COKO3
cnenytowwmm 0bpasom:

let leafl = Leaf 3
let leaf2 = Leaf 4
let leaf3 = Leaf 5

let branchl = Branch (2, [leafl; leaf2])
let tip = Branch (1, [branchl; leaf3])

NTepauusi no nepesy - 3T0 NPOCTO BOMPOC COOTBETCTBUSA WabnoHOB:

let rec tolist tree =
match tree with
| Leaf x —-> [x]

| Branch (x, xs) —-> x :: (List.collect toList xs)

let treeAslList = tolist tip // [1; 2; 3; 4; 5]

B3anMHO 3aBUCHMMbIe PEKYPCUBHbIE TUMDI

OfgHuM 13 crnocoboB OOCTNXEHNA PEKYPCUN ABNAETCA Hann4me B1O0XKEHHbIX B3aNMO3aBUCUMbIX
TUMNOB.

// BAD

type Arithmetic = {left: Expression; op:string; right: Expression}
// 1llegal because until this point, Expression is undefined

type Expression =

| LiteralExpr of obj

| ArithmeticExpr of Arithmetic

OnpegneneHune Tvna 3anucu HenocpPeaCcTBEHHO BHYTPY AUCKPUMMUHALIMOHHOIO 06 beanHEeHMSs
ycTapeno:

// BAD
type Expression =
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| LiteralExpr of obj
| ArithmeticExpr of {left: Expression; op:string; right: Expression}
// illegal in recent F# versions

Bbl MOXeETe MCNonNb30BaTh and KNKOYEBOE CMOBO O/1S LENMOYKN B3aMMO3aBMCUMbIX onpeueneHMVl:

// GOOD

type Arithmetic = {left: Expression; op:string; right: Expression}
and Expression =

| LiteralExpr of obj

| ArithmeticExpr of Arithmetic

MpounTtante JuckpuMmnHaumMoHHbIE COto3bl OHNamH: https://riptutorial.com/ru/fsharp/topic/1025/
ONCKPVMUHALMOHHbIE-COO3b
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rnaesa 9: nOKyMeHTauus

Examples

J,06aBUTb (PYHKLMUN-YNEeHbI B 3anNUCKU

type person = {Name: string; Age: int} with // Defines person record
member this.print () =
printfn "%s, %i" this.Name this.Age

let user = {Name = "John Doe"; Age = 27} // creates a new person

user.print () // John Doe, 27

OCHOBHOE UcnoJsib3oBaHue

type person = {Name: string; Age: int} // Defines person record

let userl = {Name = "John Doe"; Age = 27} // creates a new person

let user2 = {userl with Age = 28} // creates a copy, with different Age

let user3 = {userl with Name = "Jane Doe"; Age = 29} //creates a copy with different Age and
Name

let printUser user =
printfn "Name: %s, Age: $%i" user.Name user.Age

printUser userl // Name: John Doe, Age: 27
printUser user2 // Name: John Doe, Age: 28
printUser user3 // Name: Jane Doe, Age: 29

[MpounTante gokymeHTaumusa oHnamH: https://riptutorial.com/ru/fsharp/topic/1136/nokymeHTaumns
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rnasa 10: EAMHULUbI n3amepeHuns

3aMmedyaHusa

EOovHULbl BO BpeMsi BbINMOMTHEHUSA

EovHWLbI M3MepeHnst MCNonb3yTCS TONbKO ONSi CTATUYECKO NPOBEPKM KOMMUIATOPOM U He
IOCTYMHbI BO BPeMS BbiNONHEHMS. OHM HE MOTYT MCMOJIb30BATbCS B OTPAXEHU UK B MeToaax,
NOOOOHbIX Tostring .

Hanpumep, C # naeT double 6€3 €AMHUL ONS NONS TUMA float<m> ONPEAENEHHOMO U
oTobpaxaemoro n3 bubnmnotekmn F #.

Examples

Ob6ecneuyeHune cornacoBaHHbIX e UHUL, B pacyeTtax

EovHUUBLI U3MepeHunst - 3TO OOMNONHUTENbHbIE aHHOTaLUMM TUNa, KOTopble MOryT ObiTb N06aBNeHbl
K monnaekam mnm uenbiM ynucnam. OHM MOTYT UCMONb30BaTHLCA ONSi NPOBEPKM BO BPEMS
KOMNUASILUKM, KOT A pacyeTbl MCMONb3YIOT eANHULLI MOCNELOBATENbHO.

YTo6bl ONpenennTb aHHOTaLMK:

[<Measure>] type m // meters
[<Measure>] type s // seconds
[<Measure>] type accel = m/s”2 // acceleration defined as meters per second squared

MNocne onpeneneHns aHHOTaUMM MOTYT UCMONb30BaTLCA ANS MPOBEPKM TOr0, YTO BbipaXeHune
MPUBOAMUT K OXMNOAEMOMY TUMY.

// Compile-time checking that this function will return meters, since (m/s”2) * (s72) —-> m
// Therefore we know units were used properly in the calculation.
let freeFallDistance (time:float<s>) : float<m> =

0.5 * 9.8<accel> * (time*time)

// It is also made explicit at the call site, so we know that the parameter passed should be
in seconds

let dist:float<m> = freeFallDistance 3.0<s>

printfn "S%f" dist

KOHBepCVIVI Mexay eanHULaMmumn

[<Measure>] type m // meters
[<Measure>] type cm // centimeters
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// Conversion factor
let cmInM = 100<cm/m>

let distanceInM = 1<m>
let distanceInCM = distanceInM * cmInM // 100<cm>

// Conversion function
let cmToM (x : int<cm>) = x / 100<cm/m>

let mToCm (x : int<m>) = x * 100<cm/m>

cmToM 100<cm> // 1<m>
mToCm 1<m> // 100<cm>

O6paTtnte BHUMaHME, YTO KOMNUASATOP F # He 3HaeT, YTO 1<m> PABHO 100<cn> . YTO KacaeTcs
3TOro, eAVHULbI SBNSOTCS OTAENbHBIMU TUNamu. Bbl MOXeTe HanucaTtb aHanornyHble YHKUMM
LNsi Npeobpas3oBaHnsl 0T METPOB A0 KM/IOrPaMMOB, U KOMMUNATOPY BCE PaBHO.

[<Measure>] type kg

// Valid code, invalid physics
let kgToM x = x / 100<kg/m>

HeBO3MOXHO onpenenntb egnHMLbl N3AMEPEHNA KakK KpaTHOCTb OpYyrnx eanHul, Takmnx Kak

// Invalid code
[<Measure>] type m = 100<cm>

OpnHako gns onpeneneHns eanHnL «3a 4To-To», HanpuMep, epua, n3mMepsis 4acToTy, NPOCTO «B
CekyHay», 10BOJIbHO NPOCTO.

// Valid code
[<Measure>] type s
[<Measure>] type Hz = /s

1 / 1<s> = 1 <Hz> // Evaluates to true

[<Measure>] type N = kg m/s // Newtons, measuring force. Note lack of multiplication sign.

// Usage
let mass = 1<kg>
let distance = 1l<m>

let time = 1<s>

let force = mass * distance / time // Evaluates to 1<kg m/s>
force = 1<N> // Evaluates to true

MUcnonb3oBaHue LanguagePrimitives ans coxpaHeHUsa Win yCTaHOBKU e ANHUL,

Korna goyHKLMS He coxpaHseT eauHnLbl aBTOMaTMYeckn n3-3a onepauuii 6onee HU3KOro
YPOBHS, MOAY/b LanguagePrimitives MOXET UCMONb30BATLCA AN YCTAHOBKMN €AMHULL, Ha
NPUMUTUBAX, KOTOPbIE NX MOLLEPXKMBAIOT:
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/// This cast preserves units, while changing the underlying type
let inline castDoubleToSingle (x : float<'u>) : float32<'u> =
LanguagePrimitives.Float32WithMeasure (float32 x)

Y700bl NPMCBOUTL €AUHULbI U3BMEPEHMS 3HAYEHMIO C NNaBaroLel 3ansaToi ¢ OBONHOW
TOYHOCTbIO, MPOCTO YMHOXbTE UX HA €4ANHULbI C NPaBU/ibHbIMU €4UHULLAMN:

[<Measure>]
type USD

let toMoneyImprecise (amount : float) =
amount * 1.<USD>

YT106bl NPUCBONTL €OMHULIbI UBMEPEHMS € AMHUYHOMY 3HAYEHMIO, KOTOPOE HEe SIBASIETCS
System.Double, Hanpumep, noctynas n3 6ubNNoTekn, HaNMCaHHO Ha OPYroM s3bike,
ncnonb3yinTe npeobpasoBaHme:

open LanguagePrimitives

let toMoney amount =
amount |> DecimalWithMeasure<'u>

Hwuxe npvBeaeHbl TUNbl oyHKUMIA, cooblweHHble F # interactive:

val toMoney : amount:decimal -> decimal<'u>
val toMoneyImprecise : amount:float -> float<USD>

MapameTpbl TUNA e AMHULLbI U3MEPEHUS

ATpI/I6yT [<Measure>] MOXET UCMNOJIb30BATbCA OJi4 NapaMeTpoB Tuna onsd 06bsBNEHMS TUNoB,
KOTOpblEe ABNAKOTCA O6LI.I,I/IMI/I Ons eguHNL N3aMepeHuns:

type CylinderSize<[<Measure>] 'u> =
{ Radius : float<'u>
Height : float<'u> }

Mcnonb3oBaHue tecTa:

open Microsoft.FSharp.Data.UnitSystems.SI.UnitSymbols

/// This has type CylinderSize<m>.
let testCylinder =
{ Radius = 14.<m>
Height = 1.<m> }

Mcnonb3ynte cTaHpapTHbIe TUMbl YCTPOMUCTB AN obecneyeHus
COBMECTUMOCTHU

Hanpwumep, Tunbl ans eanHny, CU 6binmn ctaHaapTM3oBaHbl B OCHOBHOM bubnnoteke F # B
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Microsoft.FSharp.Data.UnitSystems.SI . YT106bI MCNONb30BaTb nx, OTKpOVITe cooTBeTCTBYIOLIEE
NPOCTPAHCTBO UnitNames , UnitNames WUJIN UnitSymbols . nn, ecnn Tpe6yeTcsl TONNIbKO HECKOJ/TIbKO
eounHnL CM, MX MOXHO NMNOopTMpPOBATb C NOMOLbIO NCEBOOHNMOB TUMOB!

/// Seconds, the SI unit of time. Type abbreviation for the Microsoft standardized type.
type [<Measure>] s = Microsoft.FSharp.Data.UnitSystems.SI.UnitSymbols.s

HeKOTOpre nonb3oBaTtenn MMeT TeHoeHUUo genatb cnenyouee, 410 He A0JIXXHO
BbINMONMHATbLCA BCAKWNI pas, Kkorga onpepneneHne yxe noCTtynHo:

/// Seconds, the SI unit of time
type [<Measure>] s // DO NOT DO THIS! THIS IS AN EXAMPLE TO EXPLAIN A PROBLEM.

PasHuua cTaHOBMTCSA 04EBMOHOW NPY B3aMMOLENCTBUN C APYTrM KOLOM, KOTOPbIA OTHOCUTCS K
cTaHaapTHbIM Tunam Sl. Ko, KOTopblii 0THOCUTCS K CTaHAAPTHbBIM eAMHULAM, COBMECTMM, a KOJ,
KOTOpbI onpenenseT ero CO6CTBEHHbIN TUM, HECOBMECTUM C NOObLIM KOLOM, HE UCMOMNb3YIOWMM
ero KOHKpeTHOe onpeneneHune.

HOSTOMy Bcernoa I/ICI'IOﬂb3yI7ITe CTaHOapTHble TUMbl ANA egnHNL CW. He nmeeT 3HayeHus,
CCblnaeTeCb NN Bbl HA UnitNames UJIN UnitSymbols , MOCKOJIbKY 3KBUBAJIEHTHbIE UMEHA B 3TUX OBYX
OTHOCATCA K OOHOMY TUNy:

open Microsoft.FSharp.Data.UnitSystems.SI

/// This is valid, since both versions refer to the same authoritative type.
let validSubtraction = 1.<UnitSymbols.s> - 0.5<UnitNames.second>

MpounTante EanHunubl namepeHns oHnamu: https://riptutorial.com/ru/fsharp/topic/1055/e anHunLbI-
N3MepeHNs
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rnasa 11: Ucnonb3oBaHue F #, WPF, FsXaml,
MEeHIO U AManoroBoro oKHa

BctynneHue

Llenbio 3nech sBngeTcs co3naHve npocToro npunoxeHus B F # ¢ ncnonososaHvem Windows
Presentation Foundation (WPF) ¢ TpaauUMOHHBIMA MEHIO 1 ANANOrOBbIMU OKHaMU. 9TO CBA3aHO C
MOWM pa30o4apoBaHMEM B NOMbITKE NpobpaTbCs Yepes3 COTHM pPasaenoB OOKYMEeHTauuu, ctaten n
cooblweHunii, nocesleHHbIX F # n WPF. Ytobbl 4yTo-nnbo nenatb ¢ WPF, BaM, noxoxe, Bce
HY>XHO 3HaTb 06 3TOM. Mos Lenb 3aknoyaeTcs B TOM, 4ToObl MPeaoCTaBMTb BO3MOXHbIA NyTh,
MPOCTOI HACTO/bHBIA NPOEKT, KOTOPbIA MOXET CNYyXNTb WabNoHOM 4NS BaWUX NPUIOXEHWNA.

Examples

Hactpoutb npoekT

Mpennonoxum, Bbl genaete 310 B Visual Studio 2015 (coobwecTtBo VS 2015, B MOeM cnyyae).
CospaiTe nyctoi npoekT koHconm B VS. B npoekTe | CBOCTBA N3MEHSAIOT TUMN BbIBOAA HA
npunoxexHune Windows.

3atem ncnonbayinte NuGet gna gobasneHns FsXaml.Wpf B npoekT; aTOT nakeT 6bi1 co3aaH
oueHoYHbIM Pngom Koncu, mnaawuin, n oH 3Ha4nTenbHO yrnpowaeTt ucnonb3osaHme WPF s F #.
Mpw ycTaHoBke oH nobasut psia apyrux cbopok WPF, noatoMy Bam He npuaetcs. B FsXaml ectb
apyrve nonobHble NakeTbl, HO OHA N3 MOMX LieNeit 3aknoyanach B TOM, YTOObl MakCUManbHO
COKPaTUTb KOIMYECTBO UHCTPYMEHTOB, YTOObI caenaTtbh 06WmMii NPOEKT MakCMManbHO NPOCTbIM U
DOCTYMHbIM.

Kpome Toro, nobaebte UlAutomationTypes B ka4eCcTBe CCblNkK; OH BXoanT B cocTas .NET.

Jo6aBbTe «BbusHec-noruky»

MpennonoxunTtensHo, Bawa nporpamma 41o-10 coenaet. JobasbTe CBOW paboymnii Ko B NPOEKT
BMecTOo Program.fs. B 3TOM cnyyae Hawa 3agada - HapucoBaTtb KpMBble cnuporpagoa Ha Xoncre
OKHa. DTO BbINOMHAETCS C UCNONb30BaHMEM Spirograph.fs, Huxe.

namespace Spirograph

// open System.Windows does not automatically open all its sub-modules, so we
// have to open them explicitly as below, to get the resources noted for each.

open System // for Math.PI
open System.Windows // for Point

open System.Windows.Controls // for Canvas
open System.Windows.Shapes // for Ellipse
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open System.Windows.Media // for Brushes

J] ===m=m=m=mmmmccmsmmeessosses s s s s s e s e e s s s e e s s s s s s s
// This file is first in the build sequence, so types should be defined here

type DialogBoxXaml = FsXaml.XAML<"DialogBox.xaml">

type MainWindowXaml = FsXaml.XAML<"MainWindow.xaml">

type App = FsXaml.XAML<"App.xaml">

J] ===m=m=m=mmmmccmsmmeessosses s s s s s e s e e s s s e e s s s s s s s
// Model: This draws the Spirograph

type MColor = | MBlue | MRed | MRandom

type Model () =

let mutable myCanvas: Canvas = null

let mutable myR = 220 // outer circle radius

let mutable myr = 65 // inner circle radius

let mutable myl = 0.8 // pen position relative to inner circle
let mutable myColor = MBlue // pen color

let rng = new Random ()

let mutable myRandomColor = Color.FromRgb (rng.Next (0, 255) |> byte,

rng.Next (0, 255) [> byte,
rng.Next (0, 255) [> byte)

member this.MyCanvas
with get () = myCanvas
and set (newCanvas) = myCanvas <- newCanvas

member this.MyR
with get () = myR
and set (newR) = myR <- newR

member this.Myr
with get () = myr
and set (newr) = myr <- newr

member this.Myl
with get () = myl
and set (newl) = myl <- newl

member this.MyColor
with get () = myColor
and set (newColor) = myColor <- newColor

member this.Randomize =
// Here we randomize the parameters. You can play with the possible ranges of
// the parameters to find randomized spirographs that are pleasing to you.

this.MyR <- rng.Next (100, 500)
this.Myr <- rng.Next (this.MyR / 10, (9 * this.MyR) / 10)
this.Myl <- 0.1 + 0.8 * rng.NextDouble ()

this.MyColor <- MRandom

myRandomColor <- Color.FromRgb (rng.Next (0, 255) |> byte,
rng.Next (0, 255) [> byte,
rng.Next (0, 255) [> byte)

member this.DrawSpirograph =
// Draw a spirograph. Note there is some fussing with ints and floats; this
// is required because the outer and inner circle radii are integers. This is
// necessary in order for the spirograph to return to its starting point
// after a certain number of revolutions of the outer circle.
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// Start with usual recursive gcd function and determine the gcd of the inner
// and outer circle radii. Everything here should be in integers.
let rec gcd x y =

if vy = 0 then x

else gcd v (x % V)

let g = gcd this.MyR this.Myr // find greatest common divisor
let maxRev = this.Myr / g // maximum revs to repeat

// Determine width and height of window, location of center point, scaling
// factor so that spirograph fits within the window, ratio of inner and outer
// radii.

// Everything from this point down should be float.
let width, height = myCanvas.ActualWidth, myCanvas.ActualHeight

let cx, cy = width / 2.0, height / 2.0 // coordinates of center point
let maxR = min cx cy // maximum radius of outer circle
let scale = maxR / float (this.MyR) // scaling factor

let rRatio = float (this.Myr) / float (this.MyR) // ratio of the radii

// Build the collection of spirograph points, scaled to the window.
let points = new PointCollection|()
for degrees in [0 .. 5 .. 360 * maxRev] do
let angle = float (degrees) * Math.PI / 180.0
let x, y = cx + scale * float (this.MyR) *
((1.0-rRatio) *Math.Cos (angle) +
this.Myl*rRatio*Math.Cos ((1l.0-rRatio) *angle/rRatio)),
cy + scale * float (this.MyR) *
((1.0-rRatio)*Math.Sin (angle) -
this.Myl*rRatio*Math.Sin((1.0-rRatio)*angle/rRatio))
points.Add (new Point (x, Vy))

// Create the Polyline with the above PointCollection, erase the Canvas, and
// add the Polyline to the Canvas Children
let brush = match this.MyColor with

| MBlue —> Brushes.Blue

| MRed —-> Brushes.Red

| MRandom —-> new SolidColorBrush (myRandomColor)

let mySpirograph = new Polyline ()
mySpirograph.Points <- points

mySpirograph.Stroke <- brush

myCanvas.Children.Clear ()
this.MyCanvas.Children.Add (mySpirograph) |> ignore

Spirograph.fs - 370 nepsbIn oann F # B nopsake KOMNUIaumMm, nosToMy OH COAEPXUT

onpeneneHns TUNOB, KOTOpble HaM NoHaaobsTcs. Ero 3agaya - HapucoBaTb cnvporpad B
rnaBHOM okHe Canvas Ha OCHOBe NnapaMeTpoB, BBEAEHHbIX B ANANOroBOM OKHe. [1oCKONbKy ecTb
MHOIO CCbINIOK Ha TO, Kak HapucoBaTtb cnuporpad, Mbl He byem 30eCb 3aHUMATbLCS STUM.

Co3pante rnaBHoe OKHO B XAML

Bam Heobxoommo co3patb chaiin XAML, KOTOpbI ONpenenseT rnaBHOE OKHO, coaepXallee

Hawe MEHI0 1N NPOCTPaHCTBO pucoBaHnsd. Bot kog XAML B MainWindow.xaml:

<!-- This defines the main window, with a menu and a canvas. Note that the Height
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and Width are overridden in code to be 2/3 the dimensions of the screen ——>
<Window

xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"

xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

Title="Spirograph" Height="200" Width="300">

<!—— Define a grid with 3 rows: Title bar, menu bar, and canvas. By default
there is only one column ——>
<Grid>

<Grid.RowDefinitions>
<RowDefinition Height="Auto"/>
<RowDefinition Height="*"/>
<RowDefinition Height="Auto"/>
</Grid.RowDefinitions>
<!-- Define the menu entries —-->
<Menu Grid.Row="0">
<Menultem Header="File">
<Menultem Header="Exit"
Name="menuExit"/>
</Menultem>
<Menultem Header="Spirograph">
<Menultem Header="Parameters..."
Name="menuParameters"/>
<Menultem Header="Draw"
Name="menuDraw" />
</Menultem>
<Menultem Header="Help">
<Menultem Header="About"
Name="menulAbout" />

</Menultem>
</Menu>
<!—— This is a canvas for drawing on. If you don't specify the coordinates

for Left and Top you will get NaN for those values ——>
<Canvas Grid.Row="1" Name="myCanvas" Left="0" Top="0">
</Canvas>
</Grid>
</Window>

KoMmMeHTapum, kak npaBuio, He BKKOYEHbI B cpainbl XAML, 4T0, 5 aymato, sensetcs ownbkon. 4

n06aBMN HEKOTOPbIE KOMMEHTapUn Ko BceM doainnam XAML B 3TOM NpoekTe. S He yTBepX aato,
4TO OHW NyylMEe KOMMEHTapun, Koraa-nmbo HanucaHHble, HO OHM XOTS Obl MOKa3bIBAKOT, Kak
KOMMEHTapuii BonXeH bbiTb oTdhopmaTuposaH. ObpatnTe BHUMaHNE, 4TO BOXEHHbIE

KOMMeHTapuu He gonyckatotca B XAML.

Co3pante punanorosoe oKkHo B XAML u F #

dain XAML ons napameTpoB cnuporpacda npmueeneH Huxe. OH BKOYaeT B cebs Tpu
TEeKCTOBbIX MONS AN NapaMeTpoB cnuporpadpa 1 rpynny u3 Tpex nepeknodarenei ong usera.
Korpa mMbl jaem pagmMokHONkam 04HO U TO Xe UMS rpynnbl - kak 3aecb, WPF obpabartbiBaeT

BKJ/IOYEHME / BbIKNIOYEHNE npwm Bbl60pe OOHOIro N3 HUX.

<!-- This first part is boilerplate, except for the title, height and width.
Note that some fussing with alignment and margins may be required to get
the box looking the way you want it. —-->
<Window xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
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Title="Parameters" Height="200" Width="250">
<!—— Here we define a layout of 3 rows and 2 columns below the title bar -->
<Grid>
<Grid.RowDefinitions>
<RowDefinition/>
<RowDefinition/>
<RowDefinition/>
<RowDefinition/>
<RowDefinition/>
</Grid.RowDefinitions>
<Grid.ColumnDefinitions>
<ColumnDefinition/>
<ColumnDefinition/>
</Grid.ColumnDefinitions>
<!-- Define a label and a text box for the first three rows. Top row is
the integer radius of the outer circle —->
<StackPanel Orientation="Horizontal" Grid.Column="0" Grid.Row="0"
Grid.ColumnSpan="2">
<Label VerticalAlignment="Top" Margin="5,6,0,1" Content="R: Outer"
Height="24" Width='65"'/>
<TextBox x:Name="radiusR" Margin="0,0,0,0.5" width="120"
VerticalAlignment="Bottom" Height="20">Integer</TextBox>

</StackPanel>
<!-- This defines a label and text box for the integer radius of the
inner circle —-->

<StackPanel Orientation="Horizontal" Grid.Column="0" Grid.Row="1"
Grid.ColumnSpan="2">
<Label VerticalAlignment="Top" Margin="5,6,0,1" Content="r: Inner"
Height="24" Width='65"'/>
<TextBox x:Name="radiusr" Margin="0,0,0,0.5" Wwidth="120"
VerticalAlignment="Bottom" Height="20" Text="Integer"/>
</StackPanel>
<!-- This defines a label and text box for the float ratio of the inner
circle radius at which the pen is positioned —-->
<StackPanel Orientation="Horizontal" Grid.Column="0" Grid.Row="2"
Grid.ColumnSpan="2">
<Label VerticalAlignment="Top" Margin="5,6,0,1" Content="1: Ratio"
Height="24" Width='65"'/>
<TextBox x:Name="ratiol" Margin="0,0,0,1" Width="120"
VerticalAlignment="Bottom" Height="20" Text="Float"/>
</StackPanel>
<!—— This defines a radio button group to select color -->
<StackPanel Orientation="Horizontal" Grid.Column="0" Grid.Row="3"
Grid.ColumnSpan="2">
<Label VerticalAlignment="Top" Margin="5,6,4,5.333" Content="Color"
Height="24"/>
<RadioButton x:Name="buttonBlue" Content="Blue" GroupName="Color"
HorizontalAlignment="Left" VerticalAlignment="Top"
Click="buttonBlueClick"
Margin="5,13,11,3.5" Height="17"/>
<RadioButton x:Name="buttonRed" Content="Red" GroupName="Color"
HorizontalAlignment="Left" VerticalAlignment="Top"
Click="buttonRedClick"
Margin="5,13,5,3.5" Height="17" />
<RadioButton x:Name="buttonRandom" Content="Random"
GroupName="Color" Click="buttonRandomClick"
HorizontalAlignment="Left" VerticalAlignment="Top"
Margin="5,13,5,3.5" Height="17" />
</StackPanel>
<!-— These are the standard OK/Cancel buttons —-—>
<Button Grid.Row="4" Grid.Column="0" Name="okButton"
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Click="okButton_Click" IsDefault="True">0OK</Button>
<Button Grid.Row="4" Grid.Column="1" Name="cancelButton"
IsCancel="True">Cancel</Button>
</Grid>
</Window>

Tenepb Mbl gobasum kog ang Dialog.Box. No cornaweHunio, ko4, UCNonb3yembiii Ans 06paboTku
NMHTepdeica onanoroBoro OkHa ¢ 0CTasibHOM YacTbiO NPorpammbl, HasbieaeTcsa XXX.xaml.fs, roe
cBA3aHHbIN pann XAML HasbiBaeTcsa XXX.xaml.

namespace Spirograph

open System.Windows.Controls

type DialogBox (app: App, model: Model, win: MainWindowXaml) as this =
inherit DialogBoxXaml ()

let myApp = app
let myModel = model
let myWin = win

// These are the default parameters for the spirograph, changed by this dialog

// box

let mutable myR = 220 // outer circle radius

let mutable myr = 65 // inner circle radius

let mutable myl = 0.8 // pen position relative to inner circle
let mutable myColor = MBlue // pen color

// These are the dialog box controls. They are initialized when the dialog box
// 1s loaded in the whenLoaded function below.

let mutable RBox: TextBox = null

let mutable rBox: TextBox = null

let mutable 1Box: TextBox = null

let mutable blueButton: RadioButton = null
let mutable redButton: RadioButton = null
let mutable randomButton: RadioButton = null

// Call this functions to enable or disable parameter input depending on the
// state of the randomButton. This is a () -> () function to keep it from
// being executed before we have loaded the dialog box below and found the
// values of TextBoxes and RadioButtons.
let enableParameterFields (b: bool) =

RBox.IsEnabled <- b

rBox.IsEnabled <- Db

1Box.IsEnabled <- b

let whenLoaded _ =
// Load and initialize text boxes and radio buttons to the current values in
// the model. These are changed only if the OK button is clicked, which is

// handled below. Also, if the color is Random, we disable the parameter

// fields.

RBox <— this.FindName ("radiusR") :?> TextBox

rBox <- this.FindName ("radiusr") :?> TextBox

1Box <- this.FindName ("ratiol") :?> TextBox

blueButton <- this.FindName ("buttonBlue") :?> RadioButton
redButton <- this.FindName ("buttonRed") :?> RadioButton
randomButton <- this.FindName ("buttonRandom") :?> RadioButton
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RBox.Text <- myModel.MyR.ToString ()
rBox.Text <- myModel.Myr.ToString ()
1Box.Text <- myModel.Myl.ToString ()

myR <- myModel.MyR
myr <- myModel.Myr
myl <- myModel.Myl

blueButton.IsChecked <- new System.Nullable<bool> (myModel.MyColor = MBlue)
redButton.IsChecked <- new System.Nullable<bool> (myModel.MyColor MRed)

randomButton.IsChecked <- new System.Nullable<bool> (myModel.MyColor = MRandom)

myColor <- myModel.MyColor
enableParameterFields (not (myColor = MRandom) )

let whenClosing _ =
// Show the actual spirograph parameters in a message box at close. Note the
// \n in the sprintf gives us a linebreak in the MessageBox. This is mainly
// for debugging, and it can be deleted.
let s = sprintf "R = %A\nr = %A\nl = %A\nColor = %A"
myModel .MyR myModel.Myr myModel.Myl myModel.MyColor
System.Windows.MessageBox.Show (s, "Spirograph") |> ignore

0)

let whenClosed _ =
0)

do
this.Loaded.Add whenLoaded
this.Closing.Add whenClosing
this.Closed.Add whenClosed

override this.buttonBlueClick (sender: obj,
eArgs: System.Windows.RoutedEventArgs) =
myColor <- MBlue
enableParameterFields (true)

0)

override this.buttonRedClick (sender: obj,
eArgs: System.Windows.RoutedEventArgs) =
myColor <- MRed
enableParameterFields (true)

0)

override this.buttonRandomClick (sender: obj,
eArgs: System.Windows.RoutedEventArgs) =
myColor <- MRandom
enableParameterFields (false)

0)

override this.okButton_Click (sender: obj,
eArgs: System.Windows.RoutedEventArgs) =

// Only change the spirograph parameters in the model if we hit OK in the
// dialog box.
if myColor = MRandom
then myModel.Randomize
else myR <- RBox.Text [> int

myr <- rBox.Text |> int

myl <- 1Box.Text |> float
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myModel .MyR <- myR
myModel .Myr <- myr
myModel .Myl <- myl
model .MyColor <- myColor

// Note that setting the DialogResult to nullable true is essential to get
// the OK button to work.

this.DialogResult <- new System.Nullable<bool> true

0)

Bonbwas yactb koaa 34ecb NocesweHa obecneyeHunto Toro, 4Tobbl NapameTpbl cnvporpada B
Spirograph.fs cooTBeTcTBOBaNMN NapamMeTpam, NokasaHHbIM B 3TOM AnanoroBom okHe. ObpaTtute
BHUMaHMe, YTO NpoBepka owmnbok oTcyTcTByeT. ECnv Bbl BBeAeTE NnaBatowyo TOHKY ANS LenbiX
yncen, 0OXXnagaemblx B ABYX BEPXHUX NONSX NapameTpoB, NporpamMma Bblinget n3 ctpos. [1osaTomy,
noxanyicrta, nobaBbTe NPoBepPKY owWnbOK B CBON COOCTBEHHbIE YCUMS.

Takxe o6paT|/|Te BHMMaHMe, 4TO NOJiIA BBOOA NapaMeTpoB OTK/HOYEHbI, 1 B nepeknvatensax
Bbl6paH CJ'Iy‘-IaI7IHbII7I uBet. 34ecb NPOCTO NoKa3aTb, KaKk 3TO MO>KHO cAoenathb.

YT06bl NEpeMecTnTb AaHHble HAa3ag 1 Bnepen Mexay AManoroBbiM OKHOM 1 NMPOrpamMMoi, s
ncnonbayto System.Windows.Element.FindName (), 4Tobbl HAnT COOTBETCTBYIOWNIA INEMEHT
yrnpaBneHns, NPUMEHUTb €ro K 3NEMEHTY YNpaBneHns, KOTOPbIM OH JOMXEH OblTb, a 3aTEM
NoNy4YnMTb COOTBETCTBYHOWME HACTPOMKN N3 KOHTPOb. BONbIWMHCTBO OpYyrMx NpMMeEpPoB
nporpamm NCrnonb3yoT NPUBA3KY AAHHbBIX. S HE NO ABYM NPUYMHAM: BO-NEPBbLIX, § HE MOI MOHATb,
Kak 3acTaBuTb ero paboTaTtb, a BO-BTOPbIX, KOrga 3To He cpaboTano, s He NoNy4YMn HAKAKMX
coobuweHunii 06 owmbkax. BoaMoxHo, KTo-TO, KTO nocewaet ato B StackOverflow, MoxeT ckasatb

MHe, KaK NCMoNb30BaTh NPUBA3KY OaHHbIX, HE BK/OYAs COBEPLWEHHO HOBbI HAbop NakeToB
NuGet.

Ho6aBbTe Kon ana MainWindow.xaml

namespace Spirograph

type MainWindow (app: App, model: Model) as this =
inherit MainWindowXaml ()

let myApp = app
let myModel = model

let whenLoaded _
0)

let whenClosing _ =

0)

let whenClosed _
0)

let menuExitHandler _ =
System.Windows.MessageBox.Show ("Good-bye", "Spirograph") |> ignore
myApp.Shutdown ()
(0)
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let menuParametersHandler _ =
let myParametersDialog = new DialogBox (myApp, myModel, this)
myParametersDialog.Topmost <- true
let bResult = myParametersDialog.ShowDialog ()
myModel .DrawSpirograph
()

let menuDrawHandler _ =
if myModel.MyColor = MRandom then myModel.Randomize
myModel .DrawSpirograph
()

let menuAboutHandler _ =
System.Windows.MessageBox.Show ("F#/WPF Menus & Dialogs", "Spirograph")
| > ignore

0)

do
this.Loaded.Add whenLoaded
this.Closing.Add whenClosing
this.Closed.Add whenClosed
this.menuExit.Click.Add menuExitHandler
this.menuParameters.Click.Add menuParametersHandler
this.menuDraw.Click.Add menuDrawHandler
this.menuAbout.Click.Add menuAboutHandler

34ecb He Tak MHOro: Npy HEOHBXOAMMOCTM Mbl OTKPbIBAEM OManoroBoe okHO «[lapameTpbl», 1y
Hac ecTb BO3MOXHOCTb NepepucoBaTtb cnvporpacd ¢ nobbiMi TEKYLWMMI NapamMeTpamu.

Jo6aesbte App.xaml n App.xaml.fs, 4Tob6bl CBSi3aTb BCe BMeCTe

<!--= All boilerplate for now ——>

<Application
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml">
<Application.Resources>
</Application.Resources>

</Application>

BoT kon:

namespace Spirograph

open System
open System.Windows
open System.Windows.Controls

module Main =

[<STAThread; EntryPoint>]

let main _ =
// Create the app and the model with the "business logic", then create the
// main window and link its Canvas to the model so the model can access it.
// The main window is linked to the app in the Run() command in the last line.
let app = App()
let model = new Model ()
let mainWindow = new MainWindow (app, model)
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model .MyCanvas <- (mainWindow.FindName ("myCanvas") :?> Canvas)

// Make sure the window is on top, and set its size to 2/3 of the dimensions
// of the screen.
mainWindow.Topmost <- true
mainWindow.Height <-—

(System.Windows.SystemParameters.PrimaryScreenHeight * 0.67)
mainWindow.Width L=

(System.Windows.SystemParameters.PrimaryScreenWidth * 0.67)

app.Run (mainWindow) // Returns application's exit code.

App.xaml - 3T0 BCe 34€eCb, B OCHOBHOM, YTOObI NoKa3aTb, rae MoryT 6biTb 06 bSBNEHbI PECYPCHI
NPUNOXEHUA, TaKue Kak 3Hayku, rpadouka nnm BHewHue dpannsl. Conytcteyowmn App.xaml.fs
obbennHsaeT mogenb n MainWindow, paamepbl MainWindow no AByx TpeTel 4OCTYMNHOro
pasMepa aKpaHa v 3anyckaerT ero.

Korpa Bbl co3panute 310, He 3abyabTe ybeonTbcs, 4To Ans cBoicTea Build ons kaxooro xami-
dparna yctaHoBNEHO 3Ha4YeHne Resource. 3aTem Bbl MOXeTe NMnbo 3anyCcTuUTb OTNanymk, nmbo
BbIMOMIHUTb KOMMMASIUMIO B exe-thain. Obpatnte BHUMaHUE, YTO Bbl HE MOXETe 3anyCTUTb 3TO C
nomoLbio HTepnpetartopa F #: naket FsXaml n nHTepnpetatop HECOBMECTUMbI.

Tam y Bac 310 ecTb. Hagetoch, Bbl CMOXETE MCNOJb30BaTh 3TO KAk OTNPAaBHYIO TOYKY A5 CBOUX
MPUNIOXEHWNIA, N NMPU 3TOM Bbl MOXETE PaCWMPUTb CBOM 3HAHMS 3a NPeaenbl TOro, YTo NokasaHo
3necb. bynyT oueHeHbl ntobble KOMMEHTaPUN U NPEAN0XEHUS.

MNMpounTante Vcnonb3osanue F #, WPF, FsXaml, MeH1o 1 onanoroBoro OKHa OHMamH:
https://riptutorial.com/ru/fsharp/topic/9145/ucnonb3osaHune-f-sharp--wpf--fsxaml--meHto-u-
InanoroBoro-okHa
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rnasa 12: Knaccsl

Examples

O6bsaBNeHUe Knacca

// class declaration with a list of parameters for a primary constructor
type Car (model: string, plates: string, miles: int) =

// secondary constructor (it must call primary constructor)
new (model, plates) =

let miles = 0

new Car (model, plates, miles)

// fields

member this.model = model
member this.plates = plates
member this.miles = miles

Co3paHue ak3eMmnnspa

let myCar = Car ("Honda Civic", "blue", 23)
// or more explicitly
let (myCar : Car) = new Car ("Honda Civic", "blue", 23)

MpounTtanTte Knaccol oHnaiH: https://riptutorial.com/ru/fsharp/topic/3003/k nacchl
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rnasa 13: JleHnBas oueHka

Examples

JleHuBas oueHkKa

BonbWMHCTBO A3bIKOB NPOrpamMMMpPOBaHns, BKNoYas F #, oueHNBaloT BblYUCNEHNS HEMELNEHHO B
COOTBETCTBUU C MOJENbIO NoA HadsaHmeM Strict Evaluation. OgHako B Lazy Evaluation
BbIYMCNEHMS HE OLIEHMBAIOTCS OO TEX MOpP, NOKa OHW He noHapobsaTcs. F # no3sonseT
NCNob30BaThb NIEHMBYIO OLEHKY KakK Mo lazy KKOYEBOMY CNOBY, TaK W MO scquences .

// define a lazy computation
let comp = lazy (10 + 20)

// we need to force the result
let ans = comp.Force ()

Kpome Toro, npu ncnonb3oaHum Lazy Evaluation pe3ynbTaTbl BbIYUCNEHMS KIWNPYHOTCS,
Mo3TOMY, ECNM Mbl BbIHY>X,A4aeM pe3ynbTaT NOC/e Halero nepeoro ak3emMnnspa
NPUHYANTENBHOMO €ro NPMMEHEHMS, CaMo BblpaxxeHune He ByeT oueHnBaTbCs CHOBA

let rec factorial n =
if n = 0 then
1
else
(factorial (n - 1)) * n

let computation = lazy(printfn "Hello World\n"; factorial 10)

// Hello World will be printed
let ans = computation.Force /()

// Hello World will not be printed here
let ansAgain = computation.Force ()

BBeneHue B NNIeHUBYIO OLLEeHKY B F #

F #, Kak 1 60NbWUHCTBO 513bIKOB NMPOrPaMMMPOBaHUS, MO YMONIYaHMIO NCMOoNb3yeT Strict
Evaluation. MNpw cTporoi oueHKe BbIYNCNEHNS BbINONHAIOTCS HEMeANEeHHO. HanpoTue, Lazy
Evaluation, oTknaabiBaeT BbINONHEHUE BbIYUCIEHWIA 00 TEX NOP, NoKa UX pe3ynbTaTbl He byayT
Heobxoammbl. Bonee Toro, pesynbTaThl BbIYUCIEHNS B pamMKax «IE€HNBOW OLEHKU» KILWMPYHOTCS,
TEM CaMbIM yCTPaHAS He0OX0AMMOCTb NEPEOLEHKMN BbIpaXEHNS.

Mbl MOXEM MCNONb30BATb OUEHKY LazyB F # Yyepea KakK lazy KJIIOYEBOE CNOBO, TAK U sequences

// 23 * 23 is not evaluated here
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// lazy keyword creates lazy computation whose evaluation is deferred
let x = lazy (23 * 23)

// we need to force the result
let y = x.Force ()

// Hello World not printed here
let z = lazy(printfn "Hello World\n"; 23424)

// Hello World printed and 23424 returned
let ansl = z.Force()

// Hello World not printed here as z as already been evaluated, but 23424 is
// returned
let ans2 = z.Force()

MpounTtanTe JleHmBas oueHka oHnawnH: https://riptutorial.com/ru/fsharp/topic/3682/neHnsas-
oueHKa
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rnasa 14: memonsauuu

Examples

NMpocToe HanoMuHaHue

BocrnoMuHaHme cocTonT U3 pe3ynbTaTtoB PyHKLMU KeWnpoBaHus, 4Tobbl n3bexaTtb BblYMCNEHNS
OLHOrO 1 TOro Xe pesynbTata HecKo/bKo pa3. ATo None3Ho npu pabote ¢ PyHKUUSMY,
BbIMOHAOWMMMN AOPOrOCTOSUME BbIYUCNEHUS.

B kauyecTBe npumepa Mbl MOXEM MUCMONb30BaTb NPOCTYO PakTopnanbHyO OYHKLMIO:

let factorial index =
let rec innerlLoop i acc =
match i with
| 0 | 1 —> acc
| _ —> innerLoop (i - 1) (acc * i)

innerLoop index 1

Bbi3os aTon (PYHKUNM HECKONbKO pa3 C TEM Xe napamMeTpoM NPMBOAUT K TOMY Xe BblY4UCIEHUIO
CHOBA 1 CHOBA.

BocrnoMyHaHve NoOMOXeT HaM KaWpoBaTh PaKkTOPHbIV pe3ynbTaT U BEPHYTb €ro, eCNu OAVH 1
TOT Xe napameTp OyneT nepenaH CHOBa.

BoT npoctas peanusauna memoization:

// memoization takes a function as a parameter
// This function will be called every time a value is not in the cache
let memoization f =
// The dictionary is used to store values for every parameter that has been seen

let cache = Dictionary<_,_>()
fun ¢ —>
let exist, value = cache.TryGetValue (c)

match exist with
| true ->
// Return the cached result directly, no method call
printfn "%0 -> In cache" c
value
[ —>
// Function call is required first followed by caching the result for next call
with the same parameters
printfn "%0 -> Not in cache, calling function..." c
let value = £ ¢
cache.Add (c, value)
value

DYHKLMSA memoization MPOCTO MPUHUMAET (OYHKLMIO Kak napamMeTp v BO3BpalaeT oyHKLMIO C TOW
X€ CUrHaTypoii. DTO MOXHO YBUAETb B CUTHATYpPeE METOAA £: ('a —> 'b) —> ('a —> 'b) . TAKUM
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06pa3oMm, Bbl MOXETEe UCMOb30BaTb memoization Tak Xe, kak ecnv 6bl Bbl Bbl3biBaNu

hakTopmanbHblA METOA.

printfn AOJIKHbI MOKa3blBaTb, YTO MNPOUCXOAUT, KOraa Mbl Bbi3biBaeM OYHKLNKO HECKOIbKO pas;

OHW MOryT BbITb yaaneHbl 6e3onacHo.

Mcnonb3oBaHne memoization 04eHb NPOCTO:

// Pass the function we want to cache as a parameter via partial application
let factorialMem = memoization factorial

// Then call the memoized function

printfn "%i" (factorialMem 10)

printfn "%i" (factorialMem 10)

printfn "%i" (factorialMem 10)

printfn "%i" (factorialMem 4)

printfn "%i" (factorialMem 4)

// Prints

// 10 —> Not in cache, calling function...
// 3628800

// 10 —=> In cache

// 3628800

// 10 —=> In cache

// 3628800

// 4 —> Not in cache, calling function...
// 24

// 4 -> In cache

// 24

BocnoMuHaHue B peKypCcuBHON ChYHKLUN

Ncnonb3ys npenblaywmii npuMep BblYMCNeHUst doakToprana Lenoro Yyucna, noMectTmTe B Xel-
Tabnuuy BCe 3HaAYeHMs pakTopuana, BblHUCIEHHbIE BHYTPU PEKYPCUM, KOTOPbIE HE

oTobpaxatotcs B Tabnuue.

Kak n B ctatbe 0 memoization , Mbl 06 bABNSEM OYHKLMIO £ KOTOPAs NMPUHUMAET fact NapaMeTpa

OYHKLUN 1 LENOYUCTIEHHDBIV NapaMeTp. OTa YHKLUUS £ BKOYaeT B cebs MHCTPYKLMKU NS
Bbl4MCNEeHNsa dpakTopuana n U3 fact (n-1) .

310 no3BonsieT obpabaTbiBaTh PEKYPCUIO PYHKLIMEN, BO3BPALWAEMOWN memorec @ HE CAMUM fact , W,

BO3MOXXHO, OCTaHaB/imBaTb BblHUCNEHNE, €CJIN 3HAYEHUNE fact (n-1) YK€ PACCHUTAHO U

HaxoOuTcs B xew-tabnuue.

let memorec f =

let cache = Dictionary<_,_>()
let rec frec n =
let value = ref 0
let exist = cache.TryGetValue (n, value)

match exist with
| true —->

printfn "$0 -> In cache" n

| false —>
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printfn "%O0 -> Not in cache, calling function..." n
value := f frec n
cache.Add (n, !value)
'value
in frec

let £ = fun fact n -> if n<2 then 1 else n*fact (n-1)

[<EntryPoint>]

let main argv =
let g = memorec (f)
printfn "%A" (g 10)
prdpeEn YEA Yeeosseossaossaossaa=s "
printfn "%$A" (g 5)
Console.ReadLine ()
0

PesynbTar:

10 => Not in cache, calling function...
—-> Not in cache, calling function...
—-> Not in cache, calling function...
—-> Not in cache, calling function...
—-> Not in cache, calling function...

Not in cache, calling function...

—-> Not in cache, calling function...

—-> Not in cache, calling function...

—-> Not in cache, calling function...

N W D U1 oy 3 00w
|
Vv

—-> Not in cache, calling function...
3628800

5 -=> In cache
120

MpounTante memomsaumm oHnamH: https://riptutorial.com/ru/fsharp/topic/2698/memonzaunm

https://riptutorial.com/ru/home


https://riptutorial.com/ru/fsharp/topic/2698/%D0%BC%D0%B5%D0%BC%D0%BE%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
https://riptutorial.com/ru/fsharp/topic/2698/%D0%BC%D0%B5%D0%BC%D0%BE%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8

rnasa 15: MoHanbl

Examples

NoHnmaHue MoHan npoucxoauT U3 NpakTUKU

Ora rema npenHasHa4eHa 4715 pa3paboTHKOB C MPOMEXYTOYHbLIMU 1 1POaBUHYTbIMU F #

«YT10 Takoe MoHaabl?» 370 06wWWMiA BONPOC. DTO NIErKO OTBETUTEL, HO, KaK U B My TEBOANTENAX
aBTOCTOMOM M0 ranakTuke, Mbl MOHUMAEM, YTO HE MOHMMAEM OTBETA, MOTOMY YTO Mbl HE 3HaNK, O
4eM Mbl MPOCUM.

MHOrve cymTaroT, 4To NyTb K NOHMMaHUIO MoHag - 370 NpakTukoBaTb MX. Kak NporpamMumcTbl,
Mbl, KakK npaBuo, He 3ab0TUMCS O MaTEMaTUYECKOI OCHOBE TOro, YTO Takoe lMpuHuMn
3amelleHus JluckoBa, NoATUNbl UK nogknacckl. icnonb3ys aTn noew, Mbl Ipuobpenn NHTYMLMIo
ONS TOro, YTO OHU NPeacTaBnsAT. To Xe camoe BepHO ana MoHag.

Y1066l NOMOYL BaM HavaTb paboTy ¢ Monads, 3TOT NpMMep AEMOHCTPUPYET, Kak co3aaTb
6ubnunoteky Monadic Parser Combinator . 9To MOXeT NOMO4Yb BaM HavyaTb paboTy, HO
NMoHMMaHWe NpuaeT OT HanucaHus Bawe cobcTBeHHon 6nbnnotekn Monadic.

JocTtato4yHO nNpo3a, Bpemsa Onsa Kopa

Twun Parser:

// A Parser<'T> is a function that takes a string and position

// and returns an optionally parsed value and a position

// A parsed value means the position points to the character following the parsed value
// No parsed value indicates a parse failure at the position

type Parser<'T> = Parser of (string*int -> 'T option*int)

Ncrnonbays aTo onpeneneHune Mapcepa, onpenenum HekoTopble coyHOaMeHTabHble OYHKLIMN
napcepa

// Runs a parser 't' on the input string 's'
let run t s =

let (Parser tps) =t

tps (s, 0)

// Different ways to create parser result
let succeedWith v p = Some v, p
let failAt p = None , p

// The 'satisfy' parser succeeds if the character at the current position
// passes the 'sat' function
let satisfy sat : Parser<char> = Parser <| fun (s, p) —>

if p < s.Length && sat s.[p] then succeedWith s.[p] (p + 1)

else failAt p
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// ‘'eos' succeeds if the position is beyond the last character.
// Useful when testing if the parser have consumed the full string

let eos : Parser<unit> = Parser <| fun (s, p) —>
if p < s.Length then failAt p
else succeedWith () p
let anyChar = satisfy (fun _ -> true)
let char ch = satisfy ((=) ch)
let digit = satisfy System.Char.IsDigit
let letter = satisfy System.Char.IsLetter

satisfy - PYHKUMUSA, KOTOpas 3adaeT sat PYHKLUMIO, CO30aeT CMHTaKCUYeCcKuin aHanna3artop,
KOTOpPbI NpeycnesaeT, €CNn Mbl HE Nepenann £os a CUMBON B Tekyllen nosnumn nepenaet
QPYHKUMIO sat . VICMONb3ysa OYHKLUMIO satisfy Mbl CO342EM PAL MNONE3HbIX NapcepoB CMMBOJIOB.

BbinonHeHwe atoro B FSI:

> run digit "";;

val it : char option * int = (null, O0)

> run digit "123";;

val it : char option * int = (Some '1l', 1)

> run digit "hello";;

val it : char option * int = (null, O0)

Y Hac ecTb goyHOaMeHTaNbHble CMHTaKcM4eckne aHanmaaTtopbl. Mbl 06beanHuM ux B bonee
MOLLHbIE CUHTAKCUYecKkne aHann3aTopbl, MCrnonb3ys yHKUUK napcepa-kombrnHaTopa

// '"fail' is a parser that always fails

let fail<'T> = Parser <| fun (s, p) —-> failAt p
// 'return_' is a parser that always succeed with value 'v'
let return_ v = Parser <| fun (s, p) —-> succeedWith v p

// 'bind' let us combine two parser into a more complex parser
let bind t uf = Parser <| fun (s, p) ->
let (Parser tps) =t
let tov, tp = tps (s, p)
match tov with
| None —-> None, tp
| Some tv —>
let u = uf tv
let (Parser ups) = u
ups (s, tp)

NmeHa n nognucu He BuibpaHsbl Npon3BobHO, HO Mbl He Byaem pa3bupaTbcs B 3TOM, BMECTO
3TOro NOCMOTPUM, Kak Mbl UCMO/Nb3YEM bind ONsi 06 beanHeHns napcepa B 601ee CNoXHble:

> run (bind digit (fun v -> digit)) "123";;

val it : char option * int = (Some '2', 2)

> run (bind digit (fun v -> bind digit (fun u -> return_ (v,u)))) "123";;
val it : (char * char) option * int = (Some ('1', '2'"), 2)

> run (bind digit (fun v -> bind digit (fun u -> return_ (v,u)))) "1";;
val it : (char * char) option * int = (null, 1)

9710 NokasbiBaeT HaM, 4TO bind NMO3BONSET 0O bEAMHUTL ABA Napcepa B 60nee CNnoxXHsblil napcep.
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B pe3ynbTaTte bind ABNSETCA NAPCEPOM, KOTOPbIA, B CBOKO O4epedb, MOXET OblTb 06 beanHeH
CHOBA.

> run (bind digit (fun v -> bind digit (fun w —-> bind digit (fun u -> return_ (v,w,u)))))
"123";;

val it : (char * char * char) option * int = (Some ('1l', '2', '3"), 3)

bind Oy€T OCHOBHbIM CNIOCOHOOM 06 bEeANHEHNS NAPCEPOB, XOTS Mbl ByaeM onpenensTb
BCrioMoraTenbHble OYHKLUMM AN YNPOLWEHNS CUHTakcuca.

OpnHol 13 Bewen, KOTOpble MOTYT YNPOCTUTb CUHTAKCUC, ABJTAKOTCA Bblpa X eHNA BbIYNCIEHUN
Nx nerko onpenennTb.

type ParserBuilder () =

member x.Bind (t, uf) = bind t uf
member x.Return v = return_ v
member x.ReturnFrom t =t
// 'parser' enables us to combine parsers using 'parser { ... }' syntax
let parser = ParserBuilder ()
FSI
let p = parser {
let! v = digit
let! u = digit
return v, u
}
run p "123"
val p : Parser<char * char> = Parser <fun:bind@49-1>
val it : (char * char) option * int = (Some ('1', '2'), 2)

OT0 3KBUBAIEHTHO:

> let p = bind digit (fun v -> bind digit (fun u -> return_ (v,u)))

run p "123";;
val p : Parser<char * char> = Parser <fun:bind@49-1>
val it : (char * char) option * int = (Some ('1', '2'), 2)

Opyrum doyHOameHTanbHbIM KOMOMHATOPOM NapCepoB, KOTOPLIA Mbl Bynem ncnonb3osathb alot,
ABNSAETCH orElse :

// 'orElse' creates a parser that runs parser 't' first, if that is successful
// the result is returned otherwise the result of parser 'u' is returned
let orElse t u = Parser <| fun (s, p) —>

let (Parser tps) =t

let tov, tp = tps (s, p)

match tov with

| None >
let (Parser ups) = u
ups (s, p)

| Some tv —-> succeedWith tv tp

https://riptutorial.com/ru/home


https://msdn.microsoft.com/visualfsharpdocs/conceptual/computation-expressions-%5bfsharp%5d

970 NO3BONSET HAM OMPELENUTD letterordigit CNEAYIOWUM 0OPA3OM:

> let letterOrDigit = orElse letter digit;;

val letterOrDigit : Parser<char> = Parser <fun:orElse@70-1>
> run letterOrDigit "123";;

val it : char option * int = (Some '1l', 1)

> run letterOrDigit "hello";;

val it : char option * int = (Some 'h', 1)

> run letterOrDigit "!!!";;

val it : char option * int = (null, O0)

3ameuaHue 06 onepaumsax Infix

Obwei npobnemoii FP siBnsieTCs UCNONb30BaHNE HEOObIYHbIX MHOPUKCHBIX ONEPATOPOB, TaKMNX

KaK >>=, >=> , <- U T. [1. OnHaKko 60/blINHCTBO U3 HUX HE 0OECNOKOEHO UCMONb30BAHNEM + , — , *

/ W%, 9TO XOPOLLO M3BECTHbIE ONEPaTopbl, UICNONb3yeMble AN co3aaHmsa 3HadeHmin. OgHako
6onblas yacTb B FP 3aknto4aeTcs B COCTaBNEHNM HE TONbKO 3HAYEHUIA, HO U pyHKUMIA. [ns
NPOMEXYTOYHOro paspaboTtynka FP onepartopsl infix >>=, >=> , <- XOPOWO N3BECTHbI U AONXKHbI
UMeTb onpeneneHHble NoANuUCK, a TakXe CEMaHTUKY.

Ins Tex oyHKLUWIA, KOTOPbIE Mbl ONPEAENUN L0 CUX MOP, Mbl oNpeaensny 6bl cnegyowme
NHAOVKCHbIE OnepaTopbl, UCNoNb3yeMble Ans 06 beanHEHNS NapCePOB:

let (>>=) t uf bind t uf
let (<[|>) t u = orElse t u

NTaK >>= 03HA4YaeT bind U <|> 03HAYAET orElse .
9710 No3BonsieT HaM KOMBUHNPOBATbL Napcepbl 6onee KpPaTko:

let letterOrDigit = letter <|> digit
let p = digit >>= fun v -> digit >>= fun u -> return_ (v,u)

Y1066l ONpenennTb HEKOTOPble NPOABMHY TbiE KOMMApaTopbl NapCepoB, KOTOPbIE NO3BONSAT HaM
aHanuaupoBaTtb 6oee CNoXHbIe BbIpaXXEHUS, Mbl ONpeaensieM ewe HeCKOIbKO NPOCThIX
KOMOUHATOPOB NapCEpPOB:

// 'map' runs parser 't' and maps the result using 'm'

let map m t =t >>= (m >> return_ )
let (>>!) t m = map m t
let (>>%) t v =t >>! (fun _ -> v)

// 'opt' takes a parser 't' and creates a parser that always succeed but
// 1f parser 't' fails the new parser will produce the value 'None'
let opt t = (t >>! Some) <|> (return_ None)

// 'pair' runs parser 't' and 'u' and returns a pair of 't' and 'u' results
let pair t u =
parser {
let! tv = t
let! tu

https://riptutorial.com/ru/home

74



return tv, tu

Mbl rOTOBbI ONPERENNTb many U BONEE sepey KOTOPbLIE ABNAIOTCS BONEe NPoaABUHYThIMU,
NOCKOMbKY OHW NPUMEHSIOT BXO4HbIE MAPCEPbI, MOKA OHWN HE sepBy . 3ATEM many U sepBy
BO3BpALLAIOT arpernpoBaHHbIi pesynbTar:

// 'many' applies parser 't' until it fails and returns all successful

// parser results as a list

let many t =
let ot = opt t
let rec loop vs = ot >>= function Some v -> loop (v::vs) | None -> return_ (List.rev vs)
loop []

// 'sepBy' applies parser 't' separated by 'sep'.

// The values are reduced with the function 'sep' returns

let sepBy t sep =
let ots = opt (pair sep t)
let rec loop v = ots >>= function Some (s, n) —-> loop (s v n) | None —-> return_ v
t >>= loop

Co3paHue NpocToro napcepa BblipaXeHUi

C nomoLbto co3aaHHbIX HaMM UHCTPYMEHTOB TENEPb Mbl MOXXEM ONPEeaennTb napcep ans
MPOCTbIX BbIPAXEHWIA TUMNA 1+2+3

Mbl Ha4MHaem CHN3y, onpenends CUHTaKCcu4yeckumn aHannm3aTop ong uenblX YNCEN pint

// 'pint' parses an integer
let pint =
let £ s v =10*s + int v - int '0'
parser {
let! digits = many digit
return!
match digits with
| [1 -> fail
| vs —> return_ (List.fold £ 0 wvs)

Mbl nbiTaeMcs pa3obpaTtb CTONBKO LMMP, CKOMbKO MOXEM, Pe3yNbTarT - char list . ECAM cnncok
MyCT, Mbl fail , MHA4Ye Mbl COpacbiBaeM CMMBO/bI B LIENOE YMCNO.

TecTupoBaHue pint B FSI:

> run pint "123";;

val it : int option * int = (Some 123, 3)

KpOMe TOro, HaM Hy>XHO npoaHann3npoBaTb pa3/MyHble TUMbl ONepaTopoB, NCMNOJIb3yeMble ONn4
KOM6I/IHI/IpOBaHI/I9| LEeNOYNCNIEHHbIX 3HAYEHWIA:

// operator parsers, note that the parser result is the operator function
let padd = char '+' >>% (+)
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let psubtract = char '-'

(=)
let pmultiply = char '*' >>% (*)
let pdivide = char '/' >>% (/)
let pmodulus = char '$' >>% (%)
FSI:
> run padd "+";;
val it : (int -> int -> int) option * int = (Some <fun:padd@1l21-1>, 1)

CB43blBaHME BCEro aToro:

// 'pmullike' parsers integers separated by operators with same precedence as multiply

let pmullike = sepBy pint (pmultiply <|> pdivide <|> pmodulus)
// 'paddlike' parsers sub expressions separated by operators with same precedence as add
let paddlike = sepBy pmullike (padd <|> psubtract)
// 'pexpr' is the full expression
let pexpr =
parser {
let! v = paddlike
let! _ = eos // To make sure the full string is consumed

return v

BbinonHeHue Bcero atoro B FSI:

> run pexpr "24+123*2-3";;
val it : int option * int = (Some 245, 9)

3aknoyeHue

OnpenenuB parser<'T> , return_, bind U YOEONBWMNCH, YTO OHW NOOYNHSOTCS MOHAANYECKM
3aKkoHam, Mbl CO34anum npPocTyo, HO MOLWHYIO CTPYKTYPY Monadic Parser Combinator.

MoHagabl 1 napcepbl nOYT BMECTE, NOTOMY HTO Mapcepbl UCMNOJTHAKOTCA B COCTOAHUN Nnapcepa.
MoHafbl NO3BONSAOT KOM6VIHI/IpOBaTb napcepbl, CKpblBas COCTOAHNE Napcepa, TeéM CaMbiM
yMeHbla“d 6ecr|op$|,u0|< n ynyduwas KOMNO3NUNOHHYIO CMoCcOoBHOCTb.

CospaHHas HaMKn CTPyKTypa MeaANieHHa U He Bbi3blBaeT coobLleHmnin 06 owmnbkax, 4Tobbl
COXPaHWUTb KO KOPOTKUM. FParsec obecneynBaeT Kak NMpMeMneMyto NpoM3BOANTENbHOCTb, Tak U
OT/INYHble coobuweHnsa ob owmnbkax.

OpHako oauH npuMmep He MOXeT Oatb NMNOHNMaHUA MoHapam. Hy)KHO npakTunkoeBaTtb MoHagpbl.

BoT Heckonbko nprumepoB Ha Monads, KOTOpble Bbl MOXETE NOMbITaTbCs peann3oBaTb, YTOObI
[OCTUYb OOCTUIHYTOrO NOHUMAHMNS:

1. State Monad - paspelaeT CKpblITOE COCTOSIHNE OKpYXatowern cpenbl HESBHO
2. Tracer Monad - No3BonseT oTcnexumnsaTb COCTOSHNE HESABHO. BapnaHT rocynapcTBeHHOM
MoHagbl
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3. Uepenaxa MoHapa - MoHaga nns cosgaHuns nporpamm yepenaxu (Jlorocos). BapuaHt
rocynapcTBeHHOW MOHaabl
4. NpopnonxeHne MoHagna - conporpamma MoHagbl. [NpuMepom aToro SBNAeTCs async B F #

Nyywe Bcero HayumTbCs NpuMayMbiBaTh NpUnoxeHne ans Monads B 4OMEHE, C KOTOPbIM BaMm
ynobHo. [1ns MeHst 310 Bbinu napcepsl.

MNonHbIK UCXOOHbIN KOA:

// A Parser<'T> is a function that takes a string and position

// and returns an optionally parsed value and a position

// A parsed value means the position points to the character following the parsed value
// No parsed value indicates a parse failure at the position

type Parser<'T> = Parser of (string*int -> 'T option*int)

// Runs a parser 't' on the input string 's'
let run t s =

let (Parser tps) =t

tps (s, 0)

// Different ways to create parser result
let succeedWith v p = Some v, p
let failAt p = None , p

// The 'satisfy' parser succeeds if the character at the current position
// passes the 'sat' function
let satisfy sat : Parser<char> = Parser <| fun (s, p) —>

if p < s.Length && sat s.[p] then succeedWith s.[p] (p + 1)

else failAt p

// 'eos' succeeds if the position is beyond the last character.
// Useful when testing if the parser have consumed the full string

let eos : Parser<unit> = Parser <| fun (s, p) —>
if p < s.Length then failAt p
else succeedWith () p
let anyChar = satisfy (fun _ -> true)
let char ch = satisfy ((=) ch)
let digit = satisfy System.Char.IsDigit
let letter = satisfy System.Char.IsLetter

// '"fail' is a parser that always fails

let fail<'T> = Parser <| fun (s, p) —-> failAt p
// 'return_' is a parser that always succeed with value 'v'
let return_ v = Parser <| fun (s, p) —-> succeedWith v p

// 'bind' let us combine two parser into a more complex parser
let bind t uf = Parser <| fun (s, p) ->
let (Parser tps) =t
let tov, tp = tps (s, p)
match tov with
| None —-> None, tp
| Some tv —>
let u = uf tv
let (Parser ups) = u
ups (s, tp)

type ParserBuilder () =
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member x.Bind (t, uf) = bind t uf

member x.Return v = return_ v
member x.ReturnFrom t =t
// 'parser' enables us to combine parsers using 'parser { ... }' syntax

let parser = ParserBuilder ()

// 'orElse' creates a parser that runs parser 't' first, if that is successful
// the result is returned otherwise the result of parser 'u' is returned
let orElse t u = Parser <| fun (s, p) —>

let (Parser tps) =t

let tov, tp = tps (s, p)

match tov with

| None =>
let (Parser ups) = u
ups (s, p)

| Some tv —-> succeedWith tv tp

let (>>=) t uf = bind t uf
let (<|>) t u

orElse t u

// 'map' runs parser 't' and maps the result using 'm'
t >>= (m >> return_ )

let (>>!) t m = map m t

let (>>%) t v =t >>! (fun _ -> v)

let map m t

// 'opt' takes a parser 't' and creates a parser that always succeed but
// 1f parser 't' fails the new parser will produce the value 'None'
let opt t = (t >>! Some) <|> (return_ None)

// 'pair' runs parser 't' and 'u' and returns a pair of 't' and 'u' results
let pair t u =

parser {
let! tv = t
let! tu =

return tv, tu

// 'many' applies parser 't' until it fails and returns all successful
// parser results as a list

let many t =
let ot = opt t
let rec loop vs = ot >>= function Some v —-> loop (v::vs) | None -> return_ (List.rev vs)
loop []

// 'sepBy' applies parser 't' separated by 'sep'.

// The values are reduced with the function 'sep' returns

let sepBy t sep =
let ots = opt (pair sep t)
let rec loop v = ots >>= function Some (s, n) -> loop (s v n) | None —-> return_ v
t >>= loop

// A simplistic integer expression parser

// 'pint' parses an integer
let pint =
let £ s v = 10*s + int v - int '0'
parser {
let! digits = many digit
return!
match digits with
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| [1 -> fail
| vs => return_ (List.fold £ 0 wvs)

}

// operator parsers, note that the parser result is the operator function
let padd = char '"+' >> (+)
let psubtract = char '-'

oe

\

\

oe
|

)
let pmultiply = char '*' >>% (*)
let pdivide = char '/' >>% (/)
let pmodulus = char '$' >>% (%)

// 'pmullike' parsers integers separated by operators with same precedence as multiply
let pmullike = sepBy pint (pmultiply <|> pdivide <|> pmodulus)

// 'paddlike' parsers sub expressions separated by operators with same precedence as add
let paddlike = sepBy pmullike (padd <|> psubtract)

// 'pexpr' is the full expression

let pexpr =
parser {
let! v = paddlike
let! _ = eos // To make sure the full string is consumed

return v

BbluucneHusa BbipaXxeHus npenocTaBnsiioT aNbTepHaTUBHbIA CUHTaKCUC ONA
uenu Monads

K Monads oTHocSITCS BhipakeHns Boluucnenns r¢ ( ce ). MporpaMMmncT obbl4HO peanuayer ce
4yT0b6bl 0BEecneynTb anbTepHaTMBHbIA NoAXoa K uernodke Monads, 1. E. BMecTo aToro:

let v = m >>= fun x -> n >>= fun y -> return_ (x, V)

Bbl MOXeTe HanucaTb 3T0:

let v = ce {
let! x = m
let! vy = n
return x, y

Oba ctuns 3KBMBANEHTHbI, 1 nNpearnoyYyteHne pa3pa60Tq|/|Ka 3aBUCUT OT BbI60pa.

YT106bI NPOLAEMOHCTPUPOBATD, KaK PeannM3oBatb ce BaM HPaBUTCS, YTOObI BCe cnelibl BKNOYaNm
noeHTUdMKaTop Koppenaumum. 3ToT naeHTUrKaTop KOPPENSUMM NOMOXeT CONOCTaBUTb
TPacCUPOBKU, OTHOCSILUMECS K OLHOMY M TOMY X€ BbI30BY. OTO O4EHb NONE3HO, KOr4a eCcTb
chalinbl XypHanoB, cogepxatwme cnefbl 0T 04HOBPEMEHHbIX BbI30OBOB.

MNpobnema 3aknyaeTcs B TOM, YTO B KAYECTBE apryMeHTa KO BCEM (PYHKLMAM CNOXHO
BKJIIOYUTb naeHTudukaTop koppensumm. lNockonbky Monads rnossonser nepeHocnTb HESBHOE
COCTOsHVE, Mbl onpeaenuM Log Monad, 4Tobbl CKpbITb KOHTEKCT XYypHana (T.e. naeHTugukaTop
Koppensumm).

HayHeMm c onpepneneHnsa KoHTeKcTa XypHana n tuna oyHKUnm, Kotopast oTcnexmBaeT KOHTEKCT
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XypHana:

type Context =
{

CorrelationId : Guid

}

static member New () : Context = { CorrelationId = Guid.NewGuid () }
type Function<'T> = Context —-> 'T

// Runs a Function<'T> with a new log context
let run t = t (Context.New ())

Mbl TakXXe onpenensiemM ABe OYHKLMN TPaCCUPOBKK, KOTopble ByayT permctTpnpoBaTbCs C
NOEHTUNKATOPOM KOPPENALMM U3 KOHTEKCTA XypHana:

let trace v : Function<_> = fun ctx -> printfn "CorrelationId: $A - %A" ctx.CorrelationId v
let tracef fmt = kprintf trace fmt

trace - 8TO Function<unit> KOTOPas 03HAYaeT, YTO NpU Bbi3oBe OyneT nepenaH KOHTEKCT
XypHana. M3 KoHTekcTa XypHana Mbl Mofy4yaemM MOeHTUUKATOP KOPPENSLMN 1 OTCNEXNBAEM
ero BMecTe C v

Kpome Toro, Mbl ornpefensieM bind U return_ U MOCKONbKY OHU cnenytoT 3akoHam MoHabl, 3To
doopmupyeT Hawy Log Monad.

let bind t uf : Function<_> = fun ctx —->
let tv = t ctx // Invoke t with the log context
let u = uf tv // Create u function using result of t
u ctx // Invoke u with the log context

// >>= 1s the common infix operator for bind
let inline (>>=) (t, uf) = bind t uf

let return_ v : Function<_> = fun ctx -> v

HaKOHeLI,, Mbl onpenensem rLogbBuilder , KOTOpb||7| NMno3BO/INT HAM MUCMONb30BaTb CUMHTAKCUC cE ON4
LogBuilder Log Monads.

type LogBuilder ()

bind t uf

member x.Bind (t, uf)
v return_ v

member x.Return

// This enables us to write function like: let f = log { ... }
let log = Log.LogBuilder ()

Tenepb Mbl MOXEM OMPESENUTb HALWW OYHKLMWN, KOTOPbIE LONXHbl UMETb HESBHBbIA NOT-
KOHTEKCT:

let £ xy =
log {
do! Log.tracef "f: called with: x = &%d, y = %d" x y
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return x + y

let g =
log {
do! Log.trace "g: starting..."
let! v =£f 1 2
do! Log.tracef "g: f produced %d" v

return v

Mbl BbINONHAEM gc:

printfn "g produced %A" (Log.run g)

Kakue npuHThHI:

CorrelationId: 33342765-2f96-42da-8b57-6fa9cdaf060f - "g: starting..."
CorrelationId: 33342765-2f96-42da-8b57-6fa9cdaf060f - "f: called with: x =1, y = 2"
CorrelationId: 33342765-2£f96-42da-8b57-6fa9%cdaf060f - "g: f produced 3"

g produced 3

Ob6paTute BHMMaHue, 410 Correlationld HeSIBHO NepPEHOCUTCS U3 run tO g B £ HTO MNO3BONSIET HAM
COMOCTaBNATb 3anMCK XypHana BO BpeMs yCTpaHeHUs npobnem.

CE UMEET HaMHOro Hosblle BO3MOXHOCTEN, HO 3TO AOJIXHO NOMOYb BaM NPUCTYNMNTb K

paspaboTke COBCTBEHHONO ck : S.

MNonHbI KOA:

module Log =
open System
open FSharp.Core.Printf

type Context =
{

CorrelationId :

}

static member New ()

Guid
Context =
'T

type Function<'T> = Context ->

// Runs a Function<'T> with a new log
let run t = t (Context.New ())

let trace v Function<_> = fun ctx
v
let tracef fmt = kprintf
let bind t uf Function<_> = fun ctx
let tv = t ctx // Invoke t
let u = uf tv // Create u
u ctx // Invoke u

// >>= 1is the common

{ CorrelationId =

Guid.NewGuid () }

context

—> printfn "CorrelationId: %A - $%A" ctx.CorrelationId

trace fmt

->

with the log context
function using result of t
with the log context

infix operator for bind
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let inline (>>=) (t, uf) = bind t uf
let return_ v : Function< > = fun ctx -> v
type LogBuilder () =

member x.Bind (t, uf) = bind t uf
return_ v

member x.Return v

// This enables us to write function like: let f = log { ... }
let log = Log.LogBuilder ()

let £ x y =
log {
do! Log.tracef "f: called with: x = %d, y = %d" x y

return x + y

let g =
log {
do! Log.trace "g: starting..."
let! v = f 1 2
do! Log.tracef "g: f produced %d" v

return v

[<EntryPoint>]

let main argv =
printfn "g produced %A" (Log.run g)
0

MpounTtante MoHaabl oHnarH: https://riptutorial.com/ru/fsharp/topic/3320/MmoHaabl
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rnasa 16: oneparopbl

Examples

Kak cocTtaBnsitb 3HaueHusi N PYHKLMM C NOMOLLbIKO O6LLMX ONepaTopoB

B 06 beKTHO-0OpNEHTMPOBAHHOM NPOrpaMMMpPoBaHK 0bLWel 3aadeit SBnseTcs co3naHme
06bekToB (3Ha4YeHwin). B goyHKLMOHANbHOM NPOrpaMMPOBaHNM TakXe SBNseTcs oblwer
3ajayeil co3naBatb 3HAYEHUS, @ TakXe PYHKUNN.

Mbl NPUBLIK/IN COCTaBNATb LIEHHOCTW M3 HAWero onbiTa APYrux s3blKkoB NPOrpaMMmMpoBaHmns,
NCnonb3ys Takue onepartopsbl, Kak +, -, *, / 1 T. [.

CocTtaBnsiloLiasi CTOUMOCTHU

let x =1+ 2 + 3 * 2

MoCcKOoNbKY OYHKLUMOHANbHOE NPOrpaMMUPOBaHNE COCTaBNSIET (PYHKLMM, @ TaKXe 3HAYEHMS,
HeyaMBUTENbHO, YTO CyLecTBYOT obwwme onepaTtopbl AN1s1 COCTaBNEHNS PYHKUNIA, Takne Kak >> ,

<<, |>N<|,
CocrtaB chyHKLUUN

// val £ : int -> int
let £ v =v + 1
// val g : int -> int
let g v =v * 2

// Different ways to compose f and g
// val h : int -> int

let hl v = g (f v)

let h2 v. =v |[> f |> g // Forward piping of 'v'

let h3 v. = g <| (f <| v) // Reverse piping of 'v' (because <| has left associcativity we need
()

let hi4 =f > g // Forward functional composition

let h5 =g << f // Reverse functional composition (closer to math notation of 'g o

£f')

B r# npsiMoit TpybonpoBoa SBNSETCS NpeanodYTUTENbHbIM Mo CPaBHEHUIO ¢ 06paTHbIM
TpybOonNpoBOAOM, MOTOMY YTO:

1. BeiBoa Tvna (06bl4HO) NEepeMellaeTcs cneBa Hanpaeo, Tak YTO eCTECTBEHHO, YTO 3HAYEHMS
N OYHKLMN TakXe TeKyT crnesa Hanpaso

2. [MoTOMY 4TO <| M << OONMXHbI UMETb MPaBYIO aCCOLMATUBHOCTb, HO B 74 OHW OCTalKOTCH
accoumaTUBHbIMUK, 4TO 3acTaBNseT Hac BCTaBNATh ()

3. CMewnBaHme npsiMoro n obpatHoro TpybonpoBoaoB 06bl4HO He paboTaeT, NOCKONbKY OHU
UMEeT OA4MHAKOBbIA NPUOPUTET.
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Komno3auuusa MoHanbl

Mockonbky Monads (HanpuMep, option<'T> UMW List<'T> ) OObIYHO UCMIONb3YIOTCS B
PYHKUMOHANBbHOM NPOrpamMMnpoBaHnm, TakXe CyleCcTBYIOT 0OblYHbIE, HO MEHEE N3BECTHbIE
oneparopbl AN5 KOMMOHOBKU (PyHKUMIA, paboTarowmx ¢ Monads, Takmx KakK >>=, >=>, <[> U <*> .

let (>>=) t uf = Option.bind uf t

let (>=>) tf uf = fun v -> tf v >>= uf

// val oinc : int -> int option

let oinc v = Some (v + 1) // Increment v

// val ofloat : int -> float option

let ofloat v = Some (float v) // Map v to float

// Different ways to compose functions working with Option Monad
// val m : int option -> float option

let ml v = Option.bind (fun v -> Some (float (v + 1))) v
let m2 v = v |> Option.bind oinc |> Option.bind ofloat
let m3 v = v >>= oinc >>= ofloat

let m4 = oinc >=> ofloat

// Other common operators are <|> (orElse) and <*> (andAlso)

// If 't' has Some value then return t otherwise return u
let (<|>) t u =

match t with

| Some _ -> t

| None -> u

// If 't' and 'u' has Some values then return Some (tv*uv) otherwise return None
let (<*>) t u =
match t, u with

| Some tv, Some tu -> Some (tv, tu)
([ -> None
// val pickOne : 'a option -> 'a option -> 'a option

let pickOne t u v = t <[> u <[> v

// val combine : 'a option -> 'b option -> 'c option -> (('a*'b)*'c) option
let combine t u v = t <*> u <*> v
3aknoyeHue

[nsi HOBbIX (PYHKLMOHAbHBIX MPOrPaMMUCTOB COCTaB PYHKLMIA C MCMONb30BAHMEM OMepaTopoB
MOXET Ka3aTbCs HEMPO3PaYHbIM U HEACHBIM, HO 3TO MOTOMY, YTO CMbIC/T 3TMUX OMEPaToOpPOB He Tak
WMPOKO N3BECTEH Kak onepaTopbl, paboTatowmne Hag 3HavyeHnsaMn. OoHaKo Npu HEKOTOPOWA
TPEHVPOBKE C UCMONIb30BAHNEM |> , >> , >>= U >=> CTAHOBUTCS TAKUM Xe €CTeCTBEHHbIM, KaK
NCMONb30BaHNE +, -, * U / .

Latebinding B F # ¢ ucnonb3oBaHneM? oneparop

Ha ctatuyecku TUNN3NPOBAHHOM A3blKE, TaKOM KakK r# Mbl pa60TaeM C Tunamun, Xxopouwo
MN3BECTHbIMK BO BPEMA KOMNMUAALNN. Ml n0Tpe6n9eM BHEWHNE NCTOYHUKIWN OAHHbIX 6e3onacHbIM
TUNOM, NCNOJIb3YyA NOCTaBLWKMKOB TUMOB.
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Tem He MeHee, UHOr Ia He0HX0OMMO UCMONb30BaTb NO3OHIOK NPUBSA3KY (HANPUMEP, dynamic HA C#
). Hanpumep, npu paboTe ¢ OKYMEHTaMM Json , Y KOTOPbIX HET YETKO ONpeaenieHHON CXEMbI.

Y106bl yNnpocTnTh paboTy C NO34HMM CBSI3bIBAHWNEM, F# 0becneYnmBaeT NoanepXKy onepaTtopos
OMHaMMYeCcKoro nomcka 2 n »<- .

Mpumep:

// (?) allows us to lookup values in a map like this: map?MyKey

let inline (?) m k = Map.tryFind k m

// (?<-) allows us to update values in a map like this: map?MyKey <- 123
let inline (?<-) m k v = Map.add k v m

let getAndUpdate (map : Map<string, int>) : int option*Map<string, int> =
let 1 = map?Hello // Equivalent to map |> Map.tryFind "Hello"
let m = map?Hello <- 3 // Equivalent to map |> Map.add "Hello" 3
i, m

OkasbiBaeTtcs, noponepXxka r# ONsg Nno3nHero CBsA3blBaHMA NMNpPoCcTa, HO rnokas.

MpounTainTte onepatopbl oHNamH: https://riptutorial.com/ru/fsharp/topic/4641/onepatopsbl
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rnaesa 17: oTpaxeHue

Examples

HapeXxHoe oTpaxeHue ¢ UCNONb30BaHMEM KOOOB F #
OTpaxeHune NonesHo, HO XPynKo. Y4Tun aT10:

let mi = typeof<System.String>.GetMethod "Startswith"

Mpobnembl ¢ TakMM KOAOM:

1. Kon He paboTaeT, NOTOMY 4YTO CYLIECTBYET HECKONIbKO MNEePErpy30K string.StartsWith

2. laxe ecnu 6bl He BbINO HUKAKMX NEPEerpy3ok NPsSMo cenyac, To bonee No3nHMe Bepcun
61bnmoTekn MoryT nobasmTb Neperpysky, NPMBOASLLYO K cO00 BO BPEMS BbINONHEHUS

3. IHCTpyMeHTbI pehakTOpUHra, Takmne Kak Rename methods PA3OUTHI C OTPAXEHMEM.

970 03HayaeT, 4TO Mbl Nony4aem c6om BO BPEMS BbIMOMHEHUS! ONSt TOFO, YTO U3BECTHO BPEMS
KoMNunsaummn. 31o kaxeTtcs cybonTuManbHbIM.

Ncnonbays umtathl r4 , MOXHO M36exaTb BCEX BbllenepeyncneHHoix npobnem. Onpenenmm
HeKoTopble BCroMoraTenbHble OYHKLMN:

open FSharp.Quotations
open System.Reflection

let getConstructorInfo (e : Expr<'T>) : ConstructorInfo =
match e with

| Patterns.NewObject (ci, _) -> ci

| _ —> failwithf "Expression has the wrong shape, expected NewObject (_, _) instead got: %A"

let getMethodInfo (e : Expr<'T>) : MethodInfo =
match e with
| Patterns.Call (_, mi, _) -> mi
| _ —> failwithf "Expression has the wrong shape, expected Call (_, _, _) instead got: %A" e

Mbl ucnonb3yem cnegpytowmne OyHKLNN:

printfn "$A" <| getMethodInfo <@ "".StartsWith "" @>
printfn "$A" <| getMethodInfo <@ List.singleton 1 @>
printfn "%A" <| getConstructorInfo <@ System.String [|[|] @>

OT0 neyartaer:

Boolean StartsWith (System.String)
Void .ctor (Charl[])

https://riptutorial.com/ru/home 86



Microsoft.FSharp.Collections.FSharpList 1[System.Int32] Singleton[Int32] (Int32)

<@ ... @> 03HayaeT, YTO BMECTO BbINOJIHEHUS BbIpaXXEeHNS BHYTPY F# FTEHEPUPYETCS AEPEBO
BblPaXXEeHW, NPeaCcTaBNAoWEE BbIPAXEHNE. <¢ "".StartsWwith "" ¢> FEHEPUPYET OEPEBO
BbIPaXXEeHWI, KOTOPOE BbIrAANT TaK: call (Some (Value ("")), StartsWith, [Value ("")]) . OTO
[IePEeBO BblpaXXeHW COOTBETCTBYET getMethodInfo W BO3BPAWAET NPABUNIbHYIO MHPOPMALMIO O
mMeToe.

OT0 ycTpaHsieT Bce NepeyncneHHble Bbile Npobnemo.

[MpounTante oTpaxeHne oHnamH: https://riptutorial.com/ru/fsharp/topic/4124/oTpaxeHue
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rnaBsa 18: NapameTpbl cTaT4eCcKoro

paspeLleHns

CuHTakcuc

* s -3TO 3K3eMMNn4p ~a Bbl XOTUTE NPUHATD BO BpEMSA KOMMUNNALUNN, HTO MOXeET 6bITb TEM, 4YTO

peanuayeT YneHbl, KOTOPbIE Bbl HA CAMOM [efe Bbi3biBAETE, NCNONb3Ysi CUHTAKCUC.
 ~a @aHaNOrUYeH OXeHeprkaM, KoTopble 6bin Bbl 'a (MW 'a UAW 'T HANPUMEP), HO OHU

paspellieHbl BO BpeMsa KoMnunnaumm 1 gonyckarT BCe, 4HTO COOTBETCTBYET BCEM 3aMnpocam B

mMeTome. (He TpebyeTcs HUKaKMX MHTePdencos)

Examples

HPOCTOB ncnosib3osaHune ong ecero, YTo MeeT YieH AJINHbI

let inline getLength s = ("a:

//usage:

getLength "Hello World" // or "Hello World"

// returns 11

Knacc, uHtepdoenc, ucnonb3osaHue 3anmcu

// Record

type Ribbon = {Length:int}
// Class

type Line(len:int) =

member x.Length = len

type IHaveALength =

let
let
let
let

printfn
printfn
printfn

abstract Length:int

inline getLength s = ("a:

ribbon = {Length=1}
line = Line(3)
somelLengthImplementer =
{ new IHaveALength with

member .Length = 5}

"Our ribbon length is %i"
"Our Line length is %i"

(getLength ribbon)

(member Length: _

(member Length: _

(getLength line)
"Our Object expression length is %i"

Bbi30B cTaTU4yeckoro y4yaCcTHUKa

3T0 6y,u,eT npuHNMaTb noboii TMnN ¢ MeToaoM GetLength KOTOprI7I HN4Yero He npuHMMaeT n

BO3BpalaeT int:

((*a :

(static member GetLength :

int)

0))

| > getLength

(getLength someLengthImplementer)

https://riptutorial.com/ru/home

88



[MpounTtante NapameTpbl CTATUYECKOrO paspelleHns OHNamH:
https://riptutorial.com/ru/fsharp/topic/7228/napameTpbl-CTaTU4ECKOr0-paspeLeHns
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rnaBsa 19: NoptupoBaHue C # Ha F #

Examples

POCO koTopble
HekoTopble n3 cambiX NPOCTbIX BMOOB Knaccos - POCOs.

// C#

public class Person

{
public string FirstName { get; set; }
public string LastName { get; set; }
public DateTime Birthday { get; set; }

B F # 3.0 6b1n11 BBeOEHbl aBTOMaTuUyeckue CBOMCTBA, aHanornyHble aBTo cBomcteam C #,

// E#

type Person() =
member val FirstName = "" with get, set
member val LastName = "" with get, set

member val BirthDay = System.DateTime.Today with get, set

CosnaHue ak3emnnsipa nnbo noxoxe,

// C#

var person = new Person { FirstName = "Bob", LastName = "Smith", Birthday = DateTime.Today };
// E#

let person = new Person (FirstName = "Bob", LastName = "Smith")

Ecnu Bbl MOXeETe UCNoNb30BaTb HEN3MEHSAEMbIE 3HAYEeHNS, TUM 3anucu HamHoro bonee
nanomaTunyeH F #.

type Person = {
FirstName:string;
LastName:string;
Birthday:System.DateTime

W aTa 3anncb MoxeT ObiTb co3naHa:

let person = { FirstName = "Bob"; LastName = "Smith"; Birthday = System.DateTime.Today }

3anucun Takxe MoryT 6biTb CO31aHbl HA OCHOBE ApYrux 3anucei no specifiying cywecTsyouei
3anuncu 1 nobaBneHns with , 3aTEM CMUCOK MNOMeRn Ans nepeonpeneneHums:
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let formal = { person with FirstName = "Robert" }

Knacc BHepgpeHue uHtepdhenca

Knaccbl peanusytoT MHTepgenc ons CoOOTBETCTBUSA KOHTPAKTY nHTepdenca. Hanpumep, knacc C
# MOXeT peann3oBaTtb 1bisposable ,

public class Resource : IDisposable

{

private MustBeDisposed internalResource;

public Resource ()
{

internalResource = new MustBeDisposed() ;

public void Dispose ()

{
Dispose (true) ;
GC.SuppressFinalize (this);

protected virtual void Dispose (bool disposing) {
if (disposing) {

if (resource != null) internalResource.Dispose();

Y1066l peannsoBaTb MHTEpdeinc B F #, UICNONb3YIATE interface B ONPeAENEHMN TUNA,

type Resource () =

let internalResource = new MustBeDisposed()

interface IDisposable with
member this.Dispose(): unit =

this.Dispose (true)
GC.SuppressFinalize (this)

member __ .Dispose disposing =
match disposing with
| true -> if (not << isNull)

internalResource then internalResource.Dispose ()
| false -> ()

MpounTtante MNMopTuposaHue C # Ha F # oHnaiH: https://riptutorial.com/ru/fsharp/topic/6828/
nopTuposaHue-c-sharp-Ha-f-sharp

https://riptutorial.com/ru/home 91


https://riptutorial.com/ru/fsharp/topic/6828/%D0%BF%D0%BE%D1%80%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5-c-sharp-%D0%BD%D0%B0-f-sharp
https://riptutorial.com/ru/fsharp/topic/6828/%D0%BF%D0%BE%D1%80%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5-c-sharp-%D0%BD%D0%B0-f-sharp
https://riptutorial.com/ru/fsharp/topic/6828/%D0%BF%D0%BE%D1%80%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5-c-sharp-%D0%BD%D0%B0-f-sharp
https://riptutorial.com/ru/fsharp/topic/6828/%D0%BF%D0%BE%D1%80%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5-c-sharp-%D0%BD%D0%B0-f-sharp
https://riptutorial.com/ru/fsharp/topic/6828/%D0%BF%D0%BE%D1%80%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5-c-sharp-%D0%BD%D0%B0-f-sharp

rnasa 20: NocnepnoBaTeNbHOCTb

Examples

FeHepupoBaTb NOcnenoBaTeNlbHOCTH

CyLI.I.eCTByeT HECKONbKO cnocoboB co3naHnsi NocnenoBaTeibHOCTL.

Bbl MOXXeTe ncnonb3oBatb PyHKUMM MOAYNs Seq:

// Create an empty generic sequence
let emptySeqg = Seqg.empty

// Create an empty int sequence
let emptyIntSeq = Seq.empty<int>

// Create a sequence with one element
let singletonSeqg = Seqg.singleton 10

// Create a sequence of n elements with the specified init function

let initSeqg = Seqg.init 10 (fun ¢ -> c * 2)

// Combine two sequence to create a new one

let combinedSeq = emptySeq |> Seqg.append singletonSeq

// Create an infinite sequence using unfold with generator based on state

let naturals = Seq.unfold (fun state —-> Some (state,

state + 1)) 0

Bbl Tak>xe MoXeTe UCnonb3oBaTth Bblpa>XXeHne nocnenoBaTe/ibHOCTU:

// Create a sequence with element from 0 to 10

let intSeqg = seq { 0..10 }

// Create a sequence with an increment of 5 from 0 to 50

let intIncrementSeq = seq{ 0..5..50 }

// Create a sequence of strings, yield allow to define each element of the sequence

let stringSeq = seqg {
yield "Hello"
yield "World"

// Create a sequence from multiple sequence,

let flattenSeqg = seqg {
yield! seq { 0..10 }
yield! segq { 11..20 }

BBenoeHue B nocnenoBaTtesibHOCTU

yield!

allow to flatten sequences

MNMocnepnoBaTenbHOCTb NpeacTaBnsieT coboin psi 3N1eMEeHTOB, KOTOPbIE MOXHO NepeYncnnTb. dT0

ncesnoHnM System.Collections.Generic.Inumerable n neHuBbIiA. OH XpaHWUT PAg 3N1EMEHTOB
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04HOro Tuna (MoxeTt 6biTb Mtoboe 3Ha4YeHne unm obbekT, Jaxe apyras NocnefoBaTebHOCTb).
dyHKkUMKM 0T Seq.module MOryT NCNONb30BATLCA ANs PabOThbl C HUM.

Bort I'IpOCTOI7I npuMep nepevyncneHns nocnenoBaTtenbHOCTU:

let mySeq = { 0..20 } // Create a sequence of int from 0 to 20

mySeq

|> Seqg.iter (printf "%i ") // Enumerate each element of the sequence and print it
Bbixona:

0123456789 1011 12 13 14 15 16 17 18 19 20

Seg.map

let seq = seq {0..10}
s |> Seg.map (fun x -> x * 2)

> val it : seg<int> = seq [2; 4; 6; 8; ...]
rlpVIMeHVITe prHKU,I/IIO K Ka>XXaoMy a/leMeHTYy nocnenoBatenbHOCTU, NCMONb3YyA Seq.map

Seq filter

MpeLnonoXum, 4To y Hac eCcTb NOCNENOBATENbHOCTb LEMbIX YUCEN, U Mbl XOTUM CO34aTb
nocnenoBaTenbHOCTb, COAEPXALLYO TONbKO YETHbIE Lenble Ynucna. Mbl MOXEM NonyynTb
nocnenHee, UCNob3ys PYHKLMIO filter MOOYNSA Seq. PYHKUMS £ilter UMEET CUrHATYPY TUMNA (
~> bool) -> seg<'a> —> seg<'a> ; 9T0 O3HAYaET, YTO OH MPUHMMAET (PYHKLNMIO, KOTOpas
BO3BpallaerT true nnu false (MHorna HasbiBaeMbIli NPeanKaToM) Ans 3a4aHHOro BBoAA TMNa 'a U
nocnenoBaTebHOCTU, KOTOpPasi COAEPXUT 3HAYEHNS TUNA 'a 4TOObI NONYYNTb
nocnenoBaTelbHOCTb, KOTOpasi COAEPXUT 3HAYEHMS Thna 'a .

// Function that tests if an integer is even

)

let isEven x = (x % 2) =0

// Generates an infinite sequence that contains the natural numbers
let naturals = Seqg.unfold (fun state -> Some(state, state + 1)) O

// Can be used to filter the naturals sequence to get only the even numbers
let evens = Seq.filter isEven naturals

BeckoHeuHble noBTOpsArOLLUEeCH nNocnienoBarte/ibHOCTU

let data = [1; 2; 3; 4; 5;]
let repeating = seq {while true do yield! data}

nOBTOpﬂ}OLIJ.I/IeCFI nocnenoBaTe/sibHOCTU MOTYT 6bITb CO3AaHbl C UCMONb30BaHNEM Bblpa>XXeHuns

'a
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BbIYUCNIEHUSA seq {}

lMpounTtante NocnepoBatensHOCTb OHNaMH: https://riptutorial.com/ru/fsharp/topic/2354/
nocnenosaTefibHOCTb
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rnasa 21: NocnepoBateNbHOCTbL paboumnx
npoueccos

Examples

YPOXauHOCTb U YPOXaNHOCTb!

B nocnepoBatenbHbix paboymx npoueccax yield AOOABNSET OONH 3NEMEHT B MOCTPOEHHYIO
nocneposaTenbHOCTb. (B MOHaan4eckom TEPMUHONOTNN 3TO return .)

> seq { yield 1; yield 2; yield 3 }

val it: seg<int> = seq [1; 2; 3]
> let homogenousTup2ToSeq (a, b) = seq { yield a; yield b }
> tup2Seq ("foo", "bar")

val homogenousTup2ToSeq: 'a * 'a —> seqg<'a>
val it: seg<string> = seq ["foo"; "bar"]

yield! (MPON3HOCUTCSH KakK yaapHbIVi yaap ) BCTABNSAET BCE 9NIEMEHTbI OpYron
nocnenoBaTeNbHOCTU B 3TY MOCTPOEHHYIO NOCNenoBaTenbHOCTb. Vnu, opyrumm cnosamm, OH
nobasnsieT nocnenoBateNibHOCTb. (B 0THOWEHMM MOHAA, OHO bind .)

> seq { yield 1; yield! [10;11;12]; yield 20 }
val it: seg<int> = seq [1l; 10; 11; 12; 20]

// Creates a sequence containing the items of seqgl and seg2 in order
> let concat seqgl seg2 = seq { yield! seqgl; yield! seg2 }

> concat ['a'..'c'] ['x'..'z']

val concat: seg<'a> —> seg<'a> —-> seqg<'a>

val it: seg<int> = seq ['a'; 'b'; 'c'; 'x'; 'y'; 'z']

MNocnenoBaTtenbHOCTW, CO34aHHbIE MOTOKAMM NOCNEA0BATENbHOCTU, TaKX€e NEHUBbI, YTO
O3HavaeT, YTO ANIEMEHTbI NOCNenoBaTENbHOCTM PaKkTUYECKM HE OLIEHMBAKOTCS A0 TEX Mop, Noka
OHU He NoHapobsTcs. Heckonbko cnocoboB NPUHYONTENBHOIO UCMOIb30BaHMS 3NIEMEHTOB
BKJTHOHAIOT BbI30OB seq.take (BbITATMBAET NEPBbIE N 3/IEMEHTOB B NOCNEA0BATENbHOCTb), seq.iter (
NPUMEHSIET PYHKLMIO K KaXAOMY 3EMEHTY AN BbINONHEHNS NOOOYHbIX 30 PEKTOB) NN
seq.toList (MpeobpasdyeT nocnenoBaTenbHOCTb B cnncok) , CoyeTaHmne 3TOro ¢ pekypcuei - ato
yield! OEACTBUTENbHO HAYMHAET CBETUTbLCS.

> let rec numbersFrom n = seq { yield n; yield! numbersFrom (n + 1) }
> let naturals = numbersFrom 0

val numbersFrom: int -> seg<int>

val naturals: seg<int> = seq [0; 1; 2; ...]

// Just like Seqg.map: applies a mapping function to each item in a sequence to build a new
sequence
> let rec map f seql =
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if Seqg.isEmpty seqgl then Seqg.empty

else seq { yield f (Seg.head seqgl); yield! map f (Seq.tail seql) }
> map (fun x -> x * x) [1..10]
val map: ('a —> 'b) —-> seg<'a> -> 'b
val it: seqg<int> = seq [1; 4; 9; 16; 25; 36; 49; 64; 81; 100]

3a

for BblPAXEHNs NoCneaoBaTeNbHOCTY NpeaHasHa4YeH ans Toro, 4Tobbl BbIrNsAeTb Tak Xe, Kak
ero 6onee N3BECTHbI ABOOPOAHDBIA BpaT, uMnepaTne ansg netnu. OH «neTnseT» yepes
nocrnenoBaTeslbHOCTb M OLEHMBAET TENO KaX A0 nTepaunmn B NocnenoBaTeibHOCTU, KOTOPYHO
OH reHepupyeT. Kak 1 Bcsi cBi3aHHas nocnenoBaTtenbHOCTb, oHa HE nameHuunBa.

> let oneToTen = seq { for x in 1..10 -> x }

val oneToTen: seg<int> = seq [1; 2; 3; 4; 5; 6; 7; 8; 9; 10]
// Or, equivalently:

> let oneToTen = seq { for x in 1..10 do yield x }

val oneToTen: seg<int> = seq [1; 2; 3; 4; 5; 6; 7; 8; 9; 10]

// Just like Seg.map: applies a mapping function to each item in a sequence to build a new

sequence
> let map mapping seql = seq { for x in seql do yield mapping x }
> map (fun x -> x * x) [1..10]

val map: ('a -> 'b) -> seg<'a> -> seqg<'b>

val it: seqg<int> = seq [1; 4; 9; 16; 25; 36; 49; 64; 81; 100]

// An infinite sequence of consecutive integers starting at 0
> let naturals =
let numbersFrom n = seq { yield n; yield! numbersFrom (n + 1) }
numbersFrom 0
// Just like Seqg.filter: returns a sequence consisting only of items from the input sequence
that satisfy the predicate
> let filter predicate seql = seq { for x in segl do if predicate x then yield x }

> let evenNaturals = naturals |> filter (fun x —> x % 2 = 0)
val naturals: seg<int> = seq [1l; 2; 3; ...]

val filter: ('a —-> bool) -> seg<'a> -> seqg<'a>

val evenNaturals: seg<int> = seq [2; 4; 6; ...]

// Just like Seg.concat: concatenates a collection of sequences together
> let concat seqgSeq = seqg { for seq in seqgSeq do yield! seq }

> concat [[1;2;3];[10;20;30]1]

val concat: seqg<#seg<'b>> -> seq<'b>

val it: seg<int> = seq [1; 2; 3; 10; 20; 30]

MpounTaiite NocnenoBaTenbHOCTb PaboUMX NPOLIECCOB OHNAWH:
https://riptutorial.com/ru/fsharp/topic/2785/nocnenoBatenbHOCTb-PaboynX-NPoLECcCoB
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rnasa 22: lNpoueccop NOYTOBbIX SLLLUKOB

3aMmedyaHusa

MailboxProcessor MOAAEPXMUBAET BHYTPEHHIOW oYyepedb COODOIWEHW, rae HECKONbKO
npoun3BoaNTENel MOryT OTNPAaBNSATL COOOWEHNS C NCMONb30BaAHNEM Pa3/IMYHbIX BAPUAHTOB
MeToAda rost . TU COODLWEHNS 3aTEeM U3BNeKaloTca 1 obpabaTbiBalOTCS 0OHUM NoTpedbutTenem
(ecnv Bbl He peanuayeTte ero B NPOTUBHOM CNy4ae) C UCMO/Ib30BaHNEM BAPNAHTOB Retrieve U scan
. Mo ymonyaHuio, kak NpPon3BOACTBO, TaK 1 NoTpebneHne coobleHnii SBRSIOTCS
noTokobe3onacHbIMU.

Mo ymonyaHuto obpaboTka ownbok otcyTcTByeT. Ecnm B TeNno npoueccopa BbibpaHo
HernepexBaYyeHHOe NCKIIYEHNE, yHKUMS body npekpaTnTcs, Bce cooblleHns B ouepeamn bynyt
noTepsiHbl, 60Mble coobleHnii He byaeT onybnMkoBaHo, 1 kaHan oTBeTa (EC/v OH AOCTYMNEH)
MONY4YMT UCK/IOYEHNE BMECTO OTBEeTA. Bbl AONXHbI NpenocTaBuTb BCo 06paboTky ownbok
CaMoCTOSITe/IbHO, ECNN 3TO NOBEAEHNE He NOAXOANT AN Balero NCnonb30BaHms.

Examples

OcHoBHOM Hello World

[aBalite cHavana co3naamm npoctoit «Hello world!». vaiiboxprocessor KOTOPbIA 0BpabaTbiBaeT
Cco00LWeHNs OQHOrO TUMa 1 NevyataeT NPMBETCTBMS.

Bam noHapobutcs Tun coobuweHns. 910 MoXeT OblTb YTO YrOAHO, HO ANCKPUMVHNPOBAHHbBIE
COO3bI ABNSIOTCA €CTECTBEHHbIM BbIOOPOM 3AECh, MOCKO/BbKY OHWU NEPEYNCSIIOT BCE BO3MOXHblE
cnyyan B OJJHOM MeCTe, 1 Bbl MOXETe Nerko Ncnonb3oBaTh CONocTaBneHne obpasLoB npu nx
obpaboTke.

// In this example there is only a single case, it could technically be just a string
type GreeterMessage = SayHelloTo of string

Tenepb onpenenute cam npoueccop. ATO MOXHO caenatb C NOMOLLbIO
MailboxProcessor<'message>.Start CTATUYECKUA METOL, KOTOPbIA BO3BpaLLaeT 3anyWeHHbIN
npoLeccop, roTOBbIN BbINOMHWUTL CBOIO paboTy. Bbl Tak>Xxe MOXeTe NCNonb30BaTh KOHCTPYKTOP,
HO TOrga Bam Hy>XHO 06s13aTeNlbHO 3anyCTUTb MPOLLECCOpP MO3Xe.

let processor = MailboxProcessor<GreeterMessage>.Start (fun inbox —->
let rec innerLoop () = async {
// This way you retrieve message from the mailbox queue
// or await them in case the queue empty.
// You can think of the " inbox' parameter as a reference to self.
let! message = inbox.Receive ()
// Now you can process the retrieved message.
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match message with
| SayHelloTo name —>
printfn "Hi, %s! This is mailbox processor's inner loop!" name
// After that's done, don't forget to recurse so you can process the next messages!
innerLoop ()

}

innerLoop ())

MapaMeTp start - 3TO PYHKUMS, KOTOPAS CCbINAETCS HA CaM MailboxProcessor (KOTOPbINA ewe He
CyWeCTBYyeT, NMOCKONbKY Bbl TONbKO cO3faeTe ero, Ho 6yaeT NOCTYrNeH Nocne BbiMONHEHUS
yHKUMK). DTO faeT BaM AOCTYN K Pa3/IMYHbIM METOAAM Receive U Scan ANS AOCTYNA K
COOBIWEHNSIM U3 MOYTOBOrO SiluMKa. BHYTpu aToi doyHKUMM Bbl MOXETe aenatb nobyto
Heobxoammyto 06paboTky, HO 0ObIYHbIA NOAXOL - 3TO OECKOHEYHbIV LUK, KOTOPbIA YuTaet
COO0BLWEHNS 0IMH 3a APYrvM 1 Bbi3biBaeT cebsi nocne Kaxaoro.

Tenepb NpoLieccop rotTos, HO 3TO HM K YeMy! 3ayeM? Bam Hy>XHO OTNpaBUTb CoobLWeHne ans
0bpaboTkun. ATO AenaeTcs ¢ BapuaHTamm MeToa rost - AaBaNTe UCMONb3YEM caMblii MPOCTOW, C
NIErkKoCTbiO 1 3a0bITbIN.

processor.Post (SayHelloTo "Alice")

970 nomelLaeT coobLweHNE BO BHYTPEHHIOID 04epenpb processor , MOYTOBBIA SWUK Y HEMEANEHHO
BO3BpaLaeTcs, 4Tobbl koA Bbl3oBa Mor npofonxatbes. Kak Tonbko npoueccop noayymTt
coobuieHne, oH obpaboTaeT ero, HoO 370 ByAeT caoenaHo aCMHXPOHHO Ans ero nyénukaumm u,
ckopee Bcero, 6yaeT BbINONHEHO B OTAE/IbHOM NOTOKE.

OueHb CKOpO nocne aToro Bbl ypnante COOéLIJ,eHVIe "Hi, Alice! This is mailbox processor's inner
loop!" HAMNEe4YaTaHbl HA BbiXO4e, N Bbl TOTOBbI K 6onee CNoXHbIM 06pa3uaM.

YnpaBneHue B3aUMHbIM yrnpaBJieHUeM

Mpoueccopbl MOYTOBbLIX SWMKOB MOTYT UCMONb30BATLCS ANS YNPaBIEHNS U3MEHSIEMbIM
COCTOSIHMEM NPO3PayHbIM 1 NoToKo6e3onacHbiM cnocobom. [laBaiTe NOCTPOUM MPOCTOiA
CYETHVK.

// Increment or decrement by one.
type CounterMessage =

| Increment

| Decrement

let createProcessor initialState =
MailboxProcessor<CounterMessage>.Start (fun inbox ->

// You can represent the processor's internal mutable state

// as an immutable parameter to the inner loop function

let rec innerLoop state = async {
printfn "Waiting for message, the current state is: %i" state
let! message = inbox.Receive ()
// In each call you use the current state to produce a new
// value, which will be passed to the next call, so that
// next message sees only the new value as its local state
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match message with
| Increment ->
let state' = state + 1
printfn "Counter incremented, the new state is: %i" state'
innerLoop state'
| Decrement -—>
let state' = state -1
printfn "Counter decremented, the new state is: %i" state'
innerLoop state'
}
// We pass the initialState to the first call to innerLoop
innerLoop initialState)

// Let's pick an initial value and create the processor
let processor = createProcessor 10

Terlepb nasante creHepupyem HeEKOTOpble onepaunn

processor.Post (Increment

processor.Post (Increment

processor.Post (Decrement

( )
( )
( )
processor.Post (Increment)

N Bbl yBMOMTE CNeayroWwmnin XypHan

Waiting for message, the current state is: 10
Counter incremented, the new state is: 11
Waiting for message, the current state is: 11
Counter incremented, the new state is: 12
Waiting for message, the current state is: 12
Counter decremented, the new state is: 11
Waiting for message, the current state is: 11
Counter incremented, the new state is: 12
Waiting for message, the current state is: 12

coBrnageHue

MockonbKy NpoLEeccop NOYTOBbIX AWUKOB 0bpabaTbiBaeT COOOWEHNS OAVNH 3a OPYrM, N HET
YyepenoBaHuMs, Bbl TAKXXe MOXETE Co3aaBaTh COOOLEHNS N3 HECKOMbKMX NMOTOKOB, U Bbl HE
YBUOMNTE TUMMYHBIX NPOBEM C NOTEPSHHBIMU UK Oy6nupyembiMy onepaumsaMu. HeBo3MoOXHO,
4T06bI COOOLEHNE NCNONB30BAN0 CTAPOE COCTOSIHNE APYrMX COOBWEHWIA, €CNK Bbl CNeunanbHoO
He NpMMeHsieTe NpoLeccop.

let processor = createProcessor 0

[ async { processor.Post (Increment) }
async { processor.Post (Increment) }
async { processor.Post (Decrement) }
async { processor.Post (Decrement) } ]

|> Async.Parallel
| > Async.RunSynchronously

Bce coobueHns nybnnkytoTcs n3 pasHbix TeM. [opsaok, B KOTOPOM COOBLWEHNS OTNPaBRAOTCS B
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MOYTOBbIV AWWK, HE SBNAETCS AETEPMUHMPOBAHHbBIM, MO3TOMY NOPSAAOK NX 06paboTky He
ABNSETCA NETEPMUHMPOBAHHBIM, HO MOCKOJ/bKY 0DLWEee KONMMYECTBO NPUPALLEHWNIA N EKPEMEHTOB
cbanaHcMpoBaHo, Bbl yBUAUTE, YTO KOHEYHOE COCTOSIHUE paBHO 0, HE3AaBNCKMO OT TOrO, B KAKOM
nopsiiKe U N3 Kakmx NoTOKOB OblNv OTNPaBEHbl COOOWEHMS.

NcTHHOE nameHsiemoe COCTosiHue

B npenbigoylem npumepe Mbl TONbKO MOOeNnnpoBanin n3aMeHsaemMoe CoCTtossiHne, nepenaBas
napameTp peKypcmMBHOro Lumnkna, Ho npoueccop nNo4YToBbIX ALWMNKOB obnagaeTt BCeEMU 3TUMU
CBOWCTBaMU faxe Ons OencTBMTENbHO M3MEHSEMOrO COCTOSHUSA. DTO BaXHO, KOraa Bbl
noggepXxwueaeTe 60/bllOe COCTOSIHNE U HEM3MEHHOCTD, HenpakTn4yHO Mno COO6pa)KeHVI9|M
npon3BoanTEeNIbHOCTN.

Mbl MOXEM nepenncaTth Hall CYeTYUK Ha CneayroLlyo peanmsauuio

let createProcessor initialState =
MailboxProcessor<CounterMessage>.Start (fun inbox —->
// In this case we represent the state as a mutable binding
// local to this function. innerLoop will close over it and
// change its value in each iteration instead of passing it around
let mutable state = initialState

let rec innerLoop () = async {

printfn "Waiting for message, the current state is: %i" state

let! message = inbox.Receive ()

match message with

| Increment ->
let state <- state + 1
printfn "Counter incremented, the new state is: %i" state'
innerLoop ()

| Decrement -—>
let state <- state -1
printfn "Counter decremented, the new state is: %i" state'
innerLoop ()

}

innerLoop ())

XoTs 310 onpeneneHHo He bbino 6bl NOTOKOBEe30nacHbIM, ECNN COCTOSIHNE cYeTYMKa Oblno
N3MEHEHO HEMOCPEACTBEHHO U3 HECKONbKMX MOTOKOB, Bbl MOXETE YBMIOETb, MCMONb3YS
napannenbHoe coobueHne CoobleHns 13 npeaploylwero pasaena, YTo NpoLeccop NoYTOBbIX
AWNKOB obpabaTtbiBaeT coobleHns oanH 3a Apyrum 6e3 nepemexeHms, NoaToMy Kax.noe
coobLeHre NCNonb3yeT camoe Tekyliee 3HaYeHne.

Bo3BpaliaeMble 3Ha4YeHuUs

Bbl MOXeTe acHXPOHHO BO3BpaLaTh 3HAYEHME ONS KaX4oro 0b6paboTaHHOro coobeHns, ecnm
Bbl OTNPAaBNAETE AsyncReplyChannel<'a> KadK 4YaCTb COO6L|.|,eH|/|5L

type MessageWithResponse = Message of InputData * AsyncReplyChannel<OutputData>
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3artem npoLeccop NOYTOBLIX SLWMKOB MOXET UCMONb30BaTb 3TOT KaHan npu obpaboTke
co0bLEeHNs ANs OTNPaBKU 3HAYEHNS1 0OPaTHO Bbi3blBAIOWEMY aOOHEHTY.

let! message = inbox.Receive ()
match message with
| MessageWithResponse (data, r) —>
// ...process the data
let output = ...
r.Reply (output)

Tenepb, 4T0ObI CO34aTb COOOLWEHME, BAM HYXEH AsyncReplyChannel<'a> - YTO €CTb U KaK Bbl
cosnaeTe pabounin skdemnnsAp? Jlyywwnii cnocob - no3BonmTb MailboxProcessor npenoctaBntb
ero Ons Bac 1 u3Bneyb O0TBET Ha 6onee pacnpPoOCTPaAHEHHDIN async<'a> . OTO MOXHO cAenathb,
NCNonb3ys, HanpuMep, METOL, PostAndAsynReply , B KOTOPOM Bbl HE PostAndasynReply MOMHOE
cooémeHme, da BMeCTO 9T0ro - cpyHKuwo Tnna (B Hawem cnyqae) AsyncReplyChannel<OutputData> —>

MessageWithResponse .

let! output = processor.PostAndAsyncReply (r —-> MessageWithResponse (input, r))

970 oTnpasnT coobuieHne B oyepenb N XOEeT 0TBETa, KOTOPbIA MOCTYNUT NMOCcne Toro, Kak
npoueccop nony4nT ato coobuieHne n 0TBETUT C UCMONb30BaHNEM KaHana.

CylwecTByeT TakXe CUHXPOHHbI BAPUAHT Postandreply KOTOPbIA GOKMPYET Bbi3blBAMOIWMIA MNOTOK,
rnoka npoLeccop He OTBETHT.

O6paboTka coobuLeHun BHe opaepa

Bbl MOXXeTe Ncnonb30BaTb METOAbI Scan MW Tryscan 415 NOMCKA ONPEAENEHHbIX COOOWEHN B
oyepeau n 06paboTkM UX HE3ABUCUMO OT KONMYecTBa coobueHnii nepen HumMm. Oba MeTona
npocMaTprBaloT COObWEHNS B 04epean B TOM NOpsSAKe, B KOTOPOM OHW Npubbinu, n ByayT nckatb
ykasaHHoe coobuieHune (BNOoTb [0 AOMNOMHUTENBHOrO TaiM-ayTta). Ecnm takoro coobueHus Her,
Tryscan BEPHET None, B TO BPEMS KakK scan MPOLOMXMUT XAaTb, NOKA HE MOCTYNNT Takoe
co00LEeHNEe UMK He Tryscan BPEMs paboTbl.

[aBaiTe NOCMOTPMM 3TO Ha NpakTuke. Mbl X0TKM, 4TOObI NpoLieccop obpabaTtbiBan
RegularOperations KOF4a 3TO BO3MOXHO, HO BCSIKUIA pa3, Korga ecTb priorityOperation , €r0
cnenyet obpabaTbiBaTb Kak MOXHO CKOpee, He3aBUCUMO OT TOro, CKONbKO APYrmxX
RegularOperations HAXOAUTCS B O4epedm.

type Message =
| RegularOperation of string
| PriorityOperation of string

let processor = MailboxProcessor<Message>.Start (fun inbox ->
let rec innerLoop () = async {
let! priorityData = inbox.TryScan (fun msg —>
// If there is a PriorityOperation, retrieve its data.
match msg with
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| PriorityOperation data -> Some data
| _ —> None)

match priorityData with

| Some data —>
// Process the data from PriorityOperation.

| None ->
// No PriorityOperation was in the queue at the time, so
// let's fall back to processing all possible messages
let! message = inbox.Receive ()
match message with
| RegularOperation data —>

// We have free time, let's process the RegularOperation.

| PriorityOperation data —->
// We did scan the queue, but it might have been empty
// so it is possible that in the meantime a producer
// posted a new message and it is a PriorityOperation.
// And never forget to process next messages.
innerLoop ()
}

innerLoop () )

MpoumnTanTe lNMpoueccop NOYTOBLIX AWMKOB OHNanH: https://riptutorial.com/ru/fsharp/topic/9409/

NPOLECCOP-NOYTOBbIX-SNKOB
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rnaesa 23: PacwuuMpeHud tTuna n moayns

3aMmedyaHusa

Bo Bcex cnyyasix npu paclwmpeHn TUnoB U Moaynei pacwmpsowmnincsl Koo OoNXeH bbiTb
nobaBneH / 3arpy>xeH nepen KoAoM, KOTOPbI OONXEH ero Bbi3BaTb. OH TakXe A0NXeEH 6biTb
[OCTYMNEeH NS Bbl3blBAOWEr0 KoAa NyTem OTKPLITYSA / MMIOPTa COOTBETCTBYIOWMX NPOCTPaAHCTB
NMEH.

Examples

Jlo6aBneHne HOBbIX METO40B / CBOMCTB B CYLLECTBYIOLLUE TUMDI

F # no3sonsietT 0o6aBnaTb PYHKUMM KaK «4NieHbl» K TUNam, Koraa OHW onpeneneHbl (Hanpumep,
Tunel 3anvceit ). OgHako F # Takxxe no3sonseTt 0ob6aBnsaTb HOBbIE YIEHbl 9K3EMMNNAPA B
CylUecTByrolMe TUMbI - aXe Te, KoTopble 06 bABNEHbI B APYroM MECTE U Ha APYrux sa3blkax .net.

Cnegyowmnii npumep 0obaBnseT HOBbI METOL 9K3EeMNNSPA. Duplicate BCE 9K3EMMASAPbI String .

type System.String with
member this.Duplicate times =
Array.init times (fun _ —-> this)

MpumeyaHue : tnhis NPON3BONLHO BbIOPAHHOE MMS NepeMeHHoR, KoTopoe ByaeT NCNob3oBaThCs
LNS CChINIKM HAa 3K3EMMNSIP paclmpsieMoro Tmna - x byaet pabotaTtb Tak Xe XOpoLwo, Ho,
BO3MOXHO, byneT MeHee camoonucaTtenbHbIM.

3atem OH MOXET ObiTb BbI3BaH crneayowmnmm cnocobamm.

// FH#-style call
let resultl = "Hi there!".Duplicate 3

// CH#-style call
let result2 = "Hi there!".Duplicate (3)

// Both result in three "Hi there!" strings in an array

9T1a PyHKUMOHANBHOCTb O4EHb NMOX0Xa Ha MeTobl paclvpeHns B C #.

AHanornyHbiM 06pa3om K CyLEeCTBYOWNM TMNaM MOXHO 006aBnsiTb HOBble cBOMCTBA. OHM
aBTOMAaTMYECKN CTAaHYT CBOMNCTBAMU, €CNN HOBbLI YIEH HE NPUHMMAET apryMeHTOB.

type System.String with
member this.WordCount =
' ' // Space character
|> Array.singleton
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|> fun xs —-> this.Split(xs, StringSplitOptions.RemoveEmptyEntries)
|> Array.length

let result = "This is an example".WordCount
// result is 4

Jlo6aBneHne HOBbIX CTaTUYEeCKUX OYHKLUN B CYLLLECTBYHOLLME TUMbI

F # NO3BONSAIOT pacWwmpuTb CyLECTBYIOWMNE TUMbI C MOMOLBIO HOBbLIX CTATUYECKMX (OYHKLIMIA.

type System.String with
static member EqualsCaselInsensitive (a, b) = String.Equals(a, b,
StringComparison.OrdinalIgnoreCase)

OTa HoBas (pyHKUMS MOXeT ObiTb Bbi3BaHa crneayowmnm obpasom:

let x = String.EqualsCaselInsensitive ("abc", "aBc")
// result is True

9Ta PyHKUMUS MOXET 03Ha4YaTb, YTO BMECTO TOro, 4T0Obl CO3AaBaTh «MNoNe3Hble» BUBNNOTEKM
PYHKUMIA, OHM MOTYT OblTb LOOaBNEHbI K COOTBETCTBYIOWMM CYLECTBYIOWMUM TUNaM. T0 MOXeT
6bITb NONE3HO ANs co3naHns bonee PyHKUMOHaNbHBIX BEPCUin oyHKUMIA F #, KoTopble
NMO3BOJIAOT UCMO/b30BATb Takne yHKLUMN, KakK currying .

type System.String with

static member AreEqual comparer a b = System.String.Equals(a, b, comparer)
let caselnsensitiveEquals = String.AreEqual StringComparison.OrdinalIgnoreCase
let result = caselnsensitiveEquals "abc" "aBc"

// result is True

Job6aBneHne HOBbIX (PYHKLUIA B CYLLECTBYHOLLLME MOAY/IN U TUNMbI C
Ucnosib3oBaHMeM Moaoynen

MO,D,yﬂVI MOTYyT NCMONb30BaTbCA ONA ,D,OﬁaBﬂeHI/ISI HOBbIX QJyHKLlMVI B cylwlecTBytowme Moaynm n
TUNbI.

namespace FSharp.Collections

module List =

let pair iteml item2 = [ iteml; item2 ]

HoBas cpyHKLMS MOXeET BblTb Bbl3BaHa Tak, Kak ecnv 6bl oHa 6bina opuUrnHanbHbIM YieHoM List.

open FSharp.Collections

module Testing =
let result = List.pair "a" "b"
// result is a list containing "a" and "b"
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MpounTante PacwupeHns Tuna n moayns oHnamH: https://riptutorial.com/ru/fsharp/topic/2977/
pacwnpeHns-Tuna-n-moay ns
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rnaBa 24: Peannsauusa wuabnoHa

NMPOeKTnNpoBaHsA B

Examples

F #

NMporpammupoBaHue, ynpasnsiemoe AaHHbIMU B F #

Bnaropaps Mmetony BBOAA-BbIBOAA M YACTMYHOMO MPUMEHEHNS B MPOrpaMMUpoBaHim,

yrnpaensaeMom gaHHbIMU F# ABNA€eTCA NaKOHUYHBbIM N HNTAEMbIM.

MpencTtasmm cebe, 4TO Mbl Npoaaem aBTocTpaxoBaHue. [Npexae 4em Mbl MonbiTaeMcs NpoaaTb

€ro KMeHTy, Mbl nonbliTaeMcs onpenenntb, ABNAETCA NN KNNEHT 0EeNCTBUTENbHbIM
NnoTeHUManbHbIM KNIMEHTOM ONS HALEn KOMNaHUK, npoeepsd nos n BoO3pacT KneHTa.

[MpocTas Mooenb KNneHTa:

type Sex =
| Male
| Female

type Customer =

{

Name : string
Born : System.DateTime
Sex : Sex

3aTem Mbl XOTUM ONPEAENUTb CMNUCOK UCKIIOYEHNI (Tabnuuy), 4Tobbl, ECNN KNIMEHT
COOTBETCTBYET NOOOI CTPOKE B CMIUCKE UCKITIOYEHWI, KNIMEHT HE MOXET KYMNUTb Hale

cTpaxoBaHue aBToMObMNS.

// If any row in this list matches the

insurance.

let exclusionList =
let

true

let olderThan Xy x <y
let youngerThan x y = x > y
[l
// Description
"Not allowed for senior citizens" ,
"Not allowed for children" ,
"Not allowed for young males" o

]

Customer, the customer isn't eligible for the car

Age

olderThan 65
youngerThan 16
youngerThan 25

I4

I4

I4

Sex

(=) Male

3-3a TMNoBOro BbiBOAA M HAaCTUYHOIO NPUNOXeHn4 Crnncok WCKNIOYEHNIN SBNSAEeTCS FVI6KI/IM, HO

MOHATHDbIM.

HakoHeu, Mbl onpenensieM yHKUUIO, KOTOpas UCNONMb3yeT CMMCOK UCKYEHWIA (Tabnuuy) ans
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pasneneHnsa KNMeHToB Ha OBa Begpa: notTeHunanbHble N OTpUlaeMble KNMEHThI.

// Splits customers into two buckets: potential customers and denied customers.
// The denied customer bucket also includes the reason for denying them the car insurance
let splitCustomers (today : System.DateTime) (cs : Customer []) : Customer
[1*(string*Customer) [] =

let potential = ResizeArray<_> 16 // ResizeArray is an alias for
System.Collections.Generic.List

let denied = ResizeArray<_> 16

for ¢ in cs do

let age = today.Year - c.Born.Year
let sex = c.Sex
match exclusionList |> Array.tryFind (fun (_, testAge, testSex) -> testAge age && testSex
sex) with
| Some (description, _, _) —-> denied.Add (description, c)
| None -> potential.Add c
potential.ToArray (), denied.ToArray ()

Y1066l 06EpHYTb, AaBaiTe ONPEnENNUM HEKOTOPbIX KIIMEHTOB 1 NMOCMOTPUM, SBNSIOTCSA NN OHK
NnoTeHUManbHbIMM KIMEHTAMW ON1S HALEro CTpaxoBaHUs aBToMobunen cpean HuX:

let customers =

let ¢cn s ymd: Customer = { Name = n; Born = System.DateTime (y, m, d); Sex = s }
[l
// Name Sex Born
c "Clint Eastwood Jr." Male 1930 05 31
c "Bill Gates" Male 1955 10 28
c "Melina Gates" Female 1964 08 15
c "Justin Drew Bieber" Male 1994 03 01
c "Sophie Turner" Female 1996 02 21
c "Isaac Hempstead Wright" Male 1999 04 09
[']
[<EntryPoint>]

let main argv =
let potential, denied = splitCustomers (System.DateTime (2014, 06, 01)) customers
printfn "Potential Customers (%d)\n%A" potential.Length potential
printfn "Denied Customers (%d)\n%A" denied.Length denied
0

OT0 nevyartaer:

Potential Customers (3)

[| {Name = "Bill Gates";
Born = 1955-10-28 00:00:00;
Sex = Male;}; {Name = "Melina Gates";
Born = 1964-08-15 00:00:00;
Sex = Female;}; {Name = "Sophie Turner";
Born = 1996-02-21 00:00:00;
Sex = Female;}|]
Denied Customers (3)
[l ("Not allowed for senior citizens", {Name = "Clint Eastwood Jr.";

Born = 1930-05-31 00:00:00;
Sex = Male; });
("Not allowed for young males", {Name = "Justin Drew Bieber";
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Born = 1994-03-01 00:00:00;
Sex = Male; });
("Not allowed for children", {Name = "Isaac Hempstead Wright";
Born = 1999-04-09 00:00:00;
Sex = Male;}) |]

MpounTaiite Peanusaums wabnoHa NpoekTMpoBaHus B F # oHNaiH:
https://riptutorial.com/ru/fsharp/topic/3925/peannsaumns-wabnoHa-npoek TupoeaHms-s-f-sharp
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rnasa 25: Cknagkwu

Examples

BBeneHue B cknagku, C HECKOJIbKUMU npuMmepamm

Cknanku - aTo goyHKUMM (bonee BbICOKOro nopsiaka), UCnosib3yemble C NOCNenoBaTelbHOCTSMA
anemMeHToB. OHM CBOPAYMBAIOT seq<'a> B 'b A€ 'b - NOOOKA TUN (BO3MOXHO, €lle 'a ). ITO
HeMHOro abcTpakTHO, MO3TOMY OaBaiiTe PACCMOTPUM KOHKPETHbIE NPaKTUYeckne npuMepbI.

BbiuncneHme cymMMmbl BCex yucen

B aToMm npmuMepe 'a ABNAETCA int . Y Hac ecTb CANCOK YNCEN, N Mbl XOTUM paccynTaTtb CyMMy BCEX
ero ymcern. CyMMI/IpOBaTb HOMepa cnncka (1; 2; 3] nNuuem

List.fold (fun x y —> x + y) 0 [1; 2; 3] // val it : int = 6

[Mo3BonbTE MHE O613$|CHI/ITb, NOTOMY 4TO Mbl UMEEM LEeNO CO CNMCKamMu, Mbl UCMONTb3YEM fold B
mMooyne rist , CNenoBaTefIbHO List.fold . I'IepBbII7I apPryMeHT fold MPUHUMAET OBOUYHYO PYHKLNIO
- nanky . BTOpOI7I APryMeHT - 310 HaYaJ/ibHOe 3Ha4YeHue . rol1d HaA4MHaeT cKknanobiBaTb CNncoKk,
nocnenoBaTesibHO NPUMEHAS PYHKLMIO Nanky K aieMeHTaM B CrUcKe, Ha4yMHas ¢ HavyanbHOro
3Ha4YeHnd n NnepBoro afieMeHTa. Ecnun cnucok nycT, BO3BpawaeTca ncxonoHoe 3Ha4yeHune!

Cxematunyeckuin npmumMmep npmmMmepa BblMOMHEHUSA BbIrMAONT Tak:

let add x vy = x + y // this is our folder (a binary function, takes two arguments)
List.fold add 0 [1; 2; 3;]

=> List.fold add (add 0 1) [2; 3]

// the binary function is passed again as the folder in the first argument

// the initial value is updated to add 0 1 = 1 in the second argument

// the tail of the list (all elements except the first one) is passed in the third argument
// it becomes this:

List.fold add 1 [2; 3]

// Repeat untill the list is empty —-> then return the "inital" value

List.fold add (add 1 2) [3]

List.fold add 3 [3] // add 1 2 = 3

List.fold add (add 3 3) []

List.fold add 6 [] // the list is empty now —-> return 6

6

CDYHKLI,VIH List.sum MPUMEPHO List.fold add LanguagePrimitives.GenericZero A€ O6LIJ,V|VI HOJb
aenaet ero CoeMeCTtuMbIM C UenbiMi YUCnamu, nonnaBkamMun, 6onbwmnMn uenbiMn yucnamm n 1. .

[MonocyeT 3/1eMEeHTOB B CNMUCKE ( cou
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BbIMNONTHEHUS)

9710 genaeTcs NOYTU Tak Xe, Kak yKasaHo Bblle, HO UTHOpUPYS hakTUYeckoe 3Ha4YeHmne
3NeMeHTa B CNMCKe U BMECTO aToro fobasnss 1.

List.fold (fun x y —> x + 1) 0 [1; 2; 3] // val it : int = 3

DT0 TakXe MOXHO cLienatb cneaylmm 06pasom:

[ 250 3]
|> List.map (fun x —-> 1) // turn every elemet into 1, [1; 2; 3] becomes [1; 1; 1]
|> List.sum // sum [1; 1; 1] is 3

Takmm 06pa3om, Bbl MOXETE ONPEeaEeNnTb count CNEOYIOWNM 06PA30M:

let count xs =
XS
|> List.map (fun x -> 1)
|> List.fold (+) 0 // or List.sum

Mouck MmakCcumMasnibHOro cnucka

Ha 310T pa3 Mbl 6yAeM UCMONb30BAaTb List.reduce KOTOPbIA MOXOX HA List.fold HO 6€3
HayaNbHOro 3Ha4YeHusl, Kak B 3TOM Clyyae, Koraa Mbl He 3HaeM, YTO TUM UMeEeT 3HAYEHNS,
KOTOpPbIE Mbl KOMMUIMPYEM:

let max x y = 1if x > y then x else y

// val max : x:'a —> y: 'a -> 'a when 'a : comparison, so only for types that we can compare

List.reduce max [1; 2; 3; 4; 5] // 5
List.reduce max ["a"; "b"; "c"] // "c", because "c" > "b" > "a"
List.reduce max [true; false] // true, because true > false

[Touck MMHUMYyMa cnucka

To4HO Tak Xe, Kak npu noncke max, nanka otTian4aeTcs

let min x y = if x < y then x else y
List.reduce min [1; 2; 3; 4; 5] // 1
List.reduce min ["a"; "b"; "c"] // "a"
List.reduce min [true; false] // false

KoHKaTeHaLuMOHHbIe CIMTUCKMU
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3aecb Mbl bepem cnmcok cnuckoB. PyHKLMS Nanku - 3To onepaTop e

// [1;2]1 @ [3; 4] = [1; 2; 3; 4]
let merge xs ys = xs @ ys
List.fold merge [] [[1;2;3]; [4;5;6]; [7;8;91]1 // [1;2;3;4;5;6;7;8;9]

Mnn Bbl MOXeETE MCNONb30BaTb OBONYHbIE onepatopbl B Ka4ecTBe (*)yHKLI,VIVI Balern nanku:

List.fold (@) []1 [[1;2;31; [4;5;6]1; [7;8;911 // [1;2;3;4;5;6;7;8;9]
List.fold (+) 0 [1; 2; 3] // 6

List.fold (||) false [true; false] // true, more on this below
List.fold (&&) true [true; false] // false, more on this below

// etc...

BbiuucneHue chakTopmuana ymcna

Ta xe nages, 4To 1 NPU CyMMUPOBAHMUN YMCEN, HO TEMEPb Mbl UX YMHOXAEM. €CNN Mbl XOTUM,
4yTObObI pakTOpUan n yMHOXan Bce aneMeHThbl B cnucke (1 .. n) . Koo ctaHoBMTCS:

// the folder
let times x vy = x * y

let factorial n = List.fold times 1 [1 .. n]
// Or maybe for big integers
let factorial n = List.fold times 1I [1I .. n]

Pean”3au"ﬂ forall exists " contains

PYHKUMS forall MPOBEPSIET, YOOBNETBOPSIOT /N BCE 3/IEMEHTHI B NMOCNEN0BATENBHOCTM YCIOBUIO.
exists MPOBEPKA, ECNN MO KpaWHelk Mepe O4MH 3NEMEHT B CMUCKE yO0BNETBOPSET YCIOBMIO.
CHavana HaM Hy>XHO 3HaTb, KaK CBEPHYTb CMMUCOK 3HAYEHWUI bool . Hy, Mbl MICMONb3yeM CKnaaku
KoHe4Ho! by neBbiMy onepaTopamu 6yayT Hawm ¢OYHKLMMW Narok.

Y106bI NnpoBEPUTDb, true JIN BCE 3JIEMEHTDbI B CMNCKE, Mbl C6paCbIBaeM NX C NOMOLWbIO PYHKUMN ss
C true 3HA4YEHUEM B Ka4e€CTBE€ HA4Ya/IbHOIo 3HaA4YEeHNA.

List.fold (&&) true [true; true; true] // true
List.fold (&&) true [] // true, empty list —> return inital value
List.fold (&&) true [false; true] // false

AHanorunyHo, 4TObbI NpoOBEPUTDb, ABNAETCA NN OANH 3NIEMEHT true B JIOTMYECKOM CMNCKE, Mbl
CBEpPHEM €ro C | | onepartop C false Kak Ha4a/lbHOE 3HAYEHUE!

List.fold (|]) false [true; false] // true
List.fold (||) false [false; false] // false, all are false, no element is true
List.fold (||) false [] // false, empty list —-> return inital value
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BepHYTbCS K forall U exists . 30€Cb Mbl 6EPEM CNUCOK NOBOro TWNa, UCMob3yeM yCnosue Ans
npeobpa3oBaHns BCEX SNEMEHTOB B NIOrMYECKMe 3HAYEHNS, a 3aTEM Mbl CBOPAY/BaEM €ro:

let forall condition elements =
elements
|> List.map condition // condition : 'a -> bool
|> List.fold (&&) true

let exists condition elements =
elements
|> List.map condition
|> List.fold (||) false

[MpoBepuTb, BCE NN aneMeHThl B [1; 2; 3; 4] MEHblue 5:

forall (fun n -> n < 5) [1 .. 4] // true

onpefennTb MeTo contains With exists :

let contains x xs = exists (fun y -> y = x) xs
Nnn paxe
let contains x xs = exists ((=) x) xs

Tenepb NpoBepbTe, COAEPXMUT M cnmcok [1 .. 5] 3HaveHue 2:

contains 2 [1..5] // true

BHeopeHue ....... :

let reverse xs = List.fold (fun acc x -> x :: acc) [] xs
reverse [1 .. 5] // [5; 4; 3; 2; 1]

Peanusauus ... M -....

let map f = List.fold (fun acc x —-> List.append acc [f x]) List.empty
// map (fun x -> x * x) [1..5] -> [1; 4; 9; 16; 25]

let filter p = Seqg.fold (fun acc x —-> seq { yield! acc; if p(x) then yield x }) Seqg.empty
// filter (fun x -> x % 2 = 0) [1..10] -> [2; 4; 6; 8; 10]

EcTb nn 4T0 - HUBY b fo1d HE MOXET caenatb? 9 He 3Halo

BbiuucneHue CYMMbI BCeX 3J/IeMeHTOB Crnucka
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Y106kl BEIYMCINTL CyMMy TepMuHOB (Tuna float, int unn 6onbloe Lenoe Yicno) cnmcka HOMepPOoB.,
npennoyTuTenbHee ncnonb3osarb List.sum. B gpyrux cnyyasx List.fold - ato coyHKUMSA, KOTOpas
nyyle BCero noaxoauT ANS BbIYUCNEHUS TAKOW CyMMbl.

1. CyMmMa KOMMNEKCHbIX YACen

B atom npmumMepe Mol 06BbSBNSIEM CNNCOK KOMMIEKCHBIX YNCEN U BbIYUCISIEM CyMMY BCEX 4J/1IEHOB B
cnnmcke.

B Hayane nporpammbl gobaebTe ccbiiky Ha System.Numerics
OTKpbITb System.Numerics

YT106bl BEIYUCINTL CYyMMY, Mbl MHALIMANN3VPYEM akKyMynsiTOp A0 KOMMNekcHoro Yucna O.

let clist = [new Complex (1.0, 52.0); new Complex (2.0, -2.0); new Complex (0.0, 1.0)]

let sum = List.fold (+) (new Complex (0.0, 0.0)) clist

PesynbTar:

(3, 51)

2. Cymma yucen tuna obbennHeHus

[MpennonoxmMm, 4To CnMcok cocTouT 13 Yucen union (float unum int) n Xo4eT BbIYNCIUTL CYMMY
9TUX Ymcen.

ObbsiBUTE nepen cnegylownMm TUNOM HOMepa:

type number =
| Float of float
| Int of int

Bbluncnutb CyMMYy HOMepOB Tuna crnmcka:

let list = [Float(l1.3); Int(2); Float(10.2)]

let sum = List.fold (
fun acc elem —>
match elem with
| Float (elem) —-> acc + elem
| Int (elem) —> acc + float (elem)
) 0.0 list

PesynbTar:

13.5
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MepBbIii NnapamMeTp OYHKLMKN, KOTOPbIA NpeacTaBnset cobor Hakonutenb, umeeT Tun float, a
BTOPOW napameTp, KOTOPbIN NpeacTaBnseT 3fIeMEHT B CUCKe, MMeeT HoMep Tuna. Ho nepen
TEM, Kak Mbl 006aBMNM, HAM HY>XXHO MCNONb30BaTb COMOCTaBNeHMe 06pasLoB 1 NpUBeSEHNE K
Tuny float, korga elem nmeet Tnn Int.

Mpountanmte Cknagkm oHnaH: https://riptutorial.com/ru/fsharp/topic/2250/ck naaku
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rnaea 26: CootBeTcTBUE LLAONIOHY

3aMmedyaHusa

COoBMeCTMMOCTb WabNOHOB - 3TO MOLWHASA PYHKLNS MHOTUX (OYHKLUMOHANbHbIX S3bIKOB,
MOCKOJIbKY OHa 4acTo no3sonseT obpabatbiBaTtb BETBNEHNE OYEHb KPATKO MO CPABHEHUIO C
NCMNONb30BaHNEM HECKOIbKUX ONEPaTOPOB if / else if [/ else . OQHAKO, yUMTbIBAS LOCTATOYHO
BaApPUaHTOB M «KOr Aa» OXPaHHNKN , COMOCTaBneHne obpasLoB Takxe MOXeT cTaTb
MHOTOCJTIOBHbIM U TPYHO MOHSTb C MEPBOro B3rnsiaa.

Korpa ato nponcxognT, akTBHbIE wabnoHol F # MOTyT CTaTb OT/INYHbIM crnocobom natb
3Ha4YnMble NMMEHA JIOF'nMKe COOTBETCTBUA, HTO ynpowaeT Koa, a TakXe Nno3BosidseT NoBTOPHO
Mcronb3oBarThb.

Examples

BapuwaHTbl COOTBETCTBUA

CornacoBaHue WwWabnoHOB MOXET ObiTb NONE3HO ANs 06paboTKmn NapameTpoB:

let result = Some ("Hello World")

match result with

| Some (message) -> printfn message

| None -> printfn "Not feeling talkative huh?"

MpoBepka cOOTBETCTBUS LLAGNOHOB BCEMY AOMEHY

let x = true
match x with
| true —> printfn "x is true"

naet npeanynpexpeHue

C: \ Program Files (x86) \ Microsoft VS Code \ Untitled-1 (2,7): npenynpexaeHue
FS0025: HenonHble coBnaneHus wabnoHoB B 3TOM BbipaxkeHun. Hanprumep, 3HaveHne
«false» MOXeT ykaabiBaTb Ha Cnyyali, He OXBAYEHHbIN WabNOHOM (-amu).

OT0 CBA3AHO C TEM, YTO HE BCE BO3MOXHbIE 3Ha4YeHns bool 6binm nokpbIThI.

bools MoryT 6bITb IBHO YKa3aHbl, HO ints
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C/NOXHee NepevyncnsTb

let x =5

match x with

| 1 —> printfn "x is 1"

| 2 => printfn "x is 2"

| _ —> printfn "x is something else"

3[€eCb Mbl NCMONb3YyeM crieumanbHbli cuMBon _ . COOTBETCTBYET BCEM APYTM BO3MOXHbIM
cnyyasm.

~MoXxeTt Bbi3BaTb Y BaC HEMNPUATHOCTMU

paccMoTpuM TUM, KOTOprI7I Mbl CO34a€eM, OH BbIrn4a4gnT Tak

type Sobriety =
| Sober
| Tipsy
| Drunk

Mbl MOrnu 6bl HaNUcaTb MaTy ¢ BbIMNUCKOMN, KOTOprI7I BbIrn44ONT TakK

match sobriety with
| Sober —-> printfn "drive home"
-> printfn "call an uber"

BoiwenpuBeneHHbIN Kog nMeeT cMbicn. Mbl npeanonaraem, YTo eCnv Bbl HE TPE3BbLI, BaM CleayeT
Ha3BaTb uber, NO3TOMY Mbl UICMONb3YeM _ 4TOObl 0603HAYUTD, YTO

[Mo3oHee Mbl peopraHM3yeM Hall Ko Ha 9ToT

type Sobriety =
Sober
Tipsy
Drunk

Unconscious

Komnunatop F # gonxeH gaTb Ham npenynpexaeHne u npurnacutb Hac peopraHn3oBaTth Halle
BblpaXkeHMe COOTBETCTBMSA, 4TOObI YeNoBEK 06paTnICs 3a MeANLMHCKON nomoLblo. BmMecTo
3TOro BblpaxeHne Matya 6eclwyMHO OTHOCUTCS K 6ecco3HaTeNbHOMY YenoBeKy, Kak ecnu bbl OHK
6bln TONbKO NOABbINMBWMMK. [1eN0 B TOM, 4TO Bbl 0OJIXHbI BbIOpaTh, 4TOOLI B IBHOM BUIE
nepeyncnsaTb crnyyau, korga aTo BO3MOXHO, 4T0Obl n3bexaTb NOrnYyeckux owmnbok.

Cny'-lau OLeHUBarTCHA CBepXy 4OHN3Y U UCNOJb3yeTCsHA nepeoe coenageHue

HenpaB nibHoOe UcnoJjib3osaHue:
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B cnegnytowem cparmeHTe nocnegHuin MaTy HUKoraa He 6yneTt ncnonb30BaTbCs:

let x = 4

match x with

| 1 -> printfn "x is 1"

—> printfn "x is anything that wasn't listed above"

| 4 => printfn "x is 4"

neyaTtb
X - 3TO TO, YTO He BbINo yKa3aHO Bbllie
I'IpaBManoe ncnosib3osaHue:

30ecbKak x = 1 Ux = 4 nonagyT B UX KOHKPETHbIE C/ly4Yau, a BCe OCTanbHOE nonaget B cnyyan
no ymMon4aHumio _ .

let x = 4

match x with

| 1 -> printfn "x is 1"

| 4 —> printfn "x is 4"

—> printfn "x is anything that wasn't listed above"

neyaTtb

X paBHo 4

Korpa oxpaHHUKU No3BONSOT 0006aBNSATb NPOU3BOJIbHbIE YC/IOBHbIE
o603HauyeHus

type Person = {
Age : int
PassedDriversTest : bool }

let someone = { Age = 19; PassedDriversTest = true }

match someone.PassedDriversTest with

| true when someone.Age >= 16 —-> printfn "congrats"
| true —> printfn "wait until you are 16"

| false —-> printfn "you need to pass the test"

MpounTaiite CooTBeTCTBME WAbNOHY OHNawH: https://riptutorial.com/ru/fsharp/topic/1335/
COOTBETCTBUE-WABNOHY
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rnasa 27: Cnmcku

CuHTakcuc

* []// nycTon cnncok.

head :: tail // cTpouTenbHas s4enka, cogepxalas aneMeHT, roNoBKY U CNNCOK, XBOCT. ::
HasbiBaeTcs onepatopom Cons.

let listl = [1; 2; 3] // ObpaTnTe BHUMaHNE Ha UCMNONb30BAHNE TOYKW C 3anATON.
let list2 = 0 :: listl // resultis [0; 1; 2; 3]

let list3 = listl @ list2 // resultis [1; 2; 3; 0; 1; 2; 3]. @ - onepaTop nobaBneHms.
let list4 = [1..3] // result is [1; 2; 3]

let list5 =[1..2..10] // peaynbTart - [1; 3; 5; 7; 9]

nycTb list6 = [anaiB 1..10 do, ecnmn i% 2 = 1, Torna sbiBeauTe i] // pesynbTart - [1; 3; 5; 7; 9]
Examples

Mcnonb3oBaHue OCHOBHOrO Crucka

let listl =
let 1list2

[ 1; 2]
[ 1 .. 100 ]

// Accessing an element
printfn "$A" listl.[O0]

// Pattern matching
let rec patternMatch alist =
match alist with
| [1] —> printfn "This is an empty list"
| head::tail -> printfn "This list consists of a head element %A and a tail list $%A" head
tail
patternMatch tail

patternMatch listl

// Mapping elements
let square x = x*x
let list2squared = list2
|> List.map square
printfn "$A" list2squared

BbiuncneHue obuien Cymmbl Yyncen B Cnucke

https://riptutorial.com/ru/home 118



Mo pekypcun

let rec sumTotal list =
match list with
[ [1 -> 0 // empty list -> return O
| head :: tail -> head + sumTotal tail

B npuBeneHHOM Bbilwe npuMepe roBoputcs: «focMoTpuTe Ha 1ist , OH nyct? Return 0. B
NPOTUBHOM Cly4Yae 3TO HEMYCTON CMMCOK, MO3TOMY OH MOXET ObITb (11, (1; 21,[1;2; 3] m 1. [.
Ecnu 1ist paBeH [1], Torga NpuBAXUTE NEPEMEHHYIO head K 1 U tail K [] 3aTEM 3aNYCTUTE head +

sumTotal tail .
anMepBbmonHeHMﬂ:

sumTotal [1; 2; 3]

// head -> 1, tail -> [2; 3]

1 sumTotal [2; 3]

(2 + sumTotal [3])

+ (3 + sumTotal [])) // sumTotal [] is defined to be 0, recursion stops here
+ (3 + 0)))
+

¥
¥
¥
¥
+ 3)
¥

P T e

Bonee obwwii cnocob MHKaNCcyndaunn Bbllleyka3aHHOro wabnoHa - ncnonb3oBaHne
PYHKLUMOHaNbHbIX CKNnanok! sumtotal CTAHOBUTCH cnegyrouwmnm:

let sumTotal list = List.fold (+) 0 list

Co3pnaHue CNUCKOB

Cnocob co3aaHus cnucka CoCTouT B pa3MeLLeHn 3NEMEHTOB B BYX KBagpaTHbIX ckobkax,
pasfeneHHbIX TOYKaMy C 3ansSTON. DNEMEHTbI LOMXKHbI UMETb OOVH U TOT X€e TU.

MNpumep:

> let integers = [1; 2; 45; -11;;

val integers : int list = [1; 2; 45; -1]

> let floats = [10.7; 2.0; 45.3; -1.051;;

val floats : float 1list = [10.7; 2.0; 45.3; -1.05]

Ecnun B cnncke HeT aneMeHTa, oH nycT. MNycToin CNMCOK MOXHO 06 bABUTL Clenyowmnm o6pa3om:

> let emptylList = [];;
val emptyList : 'a list

LOpyron npumep
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Y106bI CO38aTb CNMCOK 6aiToB, MPOCTO BbIAENNTE LENbIE Yncna:

> let bytes = [byte(55); byte(10); byte(100)];;
val bytes : byte list = [55uy; 10uy; 100uy]

Tak>xe BO3MOXHO ONpenenuTb CUCKN PyHKLWIA, 3N1EMEHTOB ONpeeNeHHOoro paHee Tmna,
obbekToB knacca u 1. [.

npumep

> type number = | Real of float | Integer of int;;

type number =
| Real of float
| Integer of int

> let numbers = [Integer (45); Real(0.0); Integer(127)];;
val numbers : number list = [Integer 45; Real 0.0; Integer 127]
N3meHsieTcs

Lns onpeneneHHbIX TUNOB aneMeHTOoB (int, float, char, ...), MOXHO onpenennTb CANCOK C
MOMOLLbIO 3NIEMEHTA Start 1 KOHEYHOrO 3NEMEHTA, UCNONb3yS Cneayownii WabnoH:

[start..end]

MNpumepsbl:

> let c=['a' .. "f£'1;;

val ¢ : char list = ['a'; 'b'; 'c'; 'd'; 'e'; '"f']
let £=[45 .. 6071;;

val £ : int list =
[45; 46; 47; 48; 49; 50; 51; 52; 53; 54; 55; 56; 57; 58; 59; 60]

Bbl Takxe moxerte yKa3aTtb war gns onpemneneHHbiX TUNnoB Co cneuyromeﬂ MoLeNblo:

[start..step..end]

[MpvMepsbI:

> let i=[4 .. 2 .. 111;;

val 1 : int list = [4; 6; 8; 10]
> let r=[0.2 .. 0.05 .. 0.281;;
val r : float list = [0.2; 0.25]
["eHepaTop

Lpyrum crnoco6om cos3aaHuns Crnmncka siBnsieTcs ero aBToMaTnyeckoe co3aaHme ¢ NoMoLLbo
reHepartopa.
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Mbl MOXEM MCNONb30BATb OOHY N3 cnenyrouwmnx MOoLenei:

[for <identifier> in range —-> expr]

nnn xe
[for <identifier> in range do ... yield expr]
MpvmMepsbl
> let oddNumbers = [for i1 in 0..10 -> 2 * i + 1];; // odd numbers from 1 to 21

val oddNumbers : int list = [1; 3; 5; 7; 9; 11; 13; 15; 17; 19; 21]
> let multiples3Sgrt = [for i in 1..27 do if i % 3 = 0 then yield sqrt (float(i))]l;; //sgrt of
multiples of 3 from 3 to 27

val multiples3Sqgrt : float list =

[1.732050808; 2.449489743; 3.0; 3.464101615; 3.872983346; 4.242640687; 4.582575695;
4.898979486; 5.196152423]

oneparopbl

HeKOTOpre onepaTopbl MOTYT NCMONb30BATbCA AN NOCTPOEHUA CMNCKOB!

[MpoTuB onepartopa:
OT0T onepatop :: ucnonb3yetcs Ans nobaBneHUs aneMeHTa 3arofioBka B CrmCOoK:

> let 1=12::[] ;;
val 1 : int list = [12]

> let 11=7::[14; 78; 01 ;;
val 11 : int list = [7; 14; 78; 0]

> let 12 = 2::3::5::7::11::[13;17] ;;
val 12 : int list = [2; 3; 5; 7; 11; 13; 17]

KOHKaTeHauusi
KoHkaTeHaums cnmckoB BbIMONHSETCS C NMOMOLLbIO onepaTtopa @.

> let 11 = [12.5;89.2];;
val 11 : float list = [12.5; 89.2]

> let 12 = [1.8;7.2] @ 11;;
val 12 : float list = [1.8; 7.2; 12.5; 89.2]

MpounTtante Cnnckun oHnamH: https://riptutorial.com/ru/fsharp/topic/1268/cnucku
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rnaesa 28: CTpyHbI

Examples

CtpokoBble nuTeparbl

let stringl = "Hello" //simple string

let string2 = "Line\nNewLine" //string with newline escape sequence

let string3 = @"Line\nSamelLine" //use @ to create a verbatim string literal

let string4 = @"Line""with""quoutes inside" //double quoute to indicate a single quoute inside
@ string

let string5 = """single "quote" is ok""" //triple—quote string literal, all symbol including

quote are verbatim

let string6 = "ab
cd"// same as "ab\ncd"

let string7 = "xx\

yy" //same as "xxyy", backslash at the end contunies the string without new line, leading
whitespace on the next line is ignored

MNMpocTtoe chopMaTtupoBaHue CTPOK

CyLiecTByeT HECKONBKO CNOCOB0B hopMaTMpPOBaHMS W MOYHEHUS CTPOKM.

.NET cnocobom gBngeTcs ncnonb3oBaHue String.Format WM StringBuilder.AppendFormat .

open System
open System.Text

let hello = String.Format ("Hello {0}", "World")
// return a string with "Hello World"

let builder = StringBuilder ()

let helloAgain = builder.AppendFormat ("Hello {0} again!", "World")
// return a StringBuilder with "Hello World again!"

F # Takxe nmeeT pyHKUMM cbopmaTmpoBaHus ctpokmn B ctune C. ns kaxnon pyHkumm .NET
CYLECTBYIOT 3KBMBAJIEHTHI:

* sprintf (String.Format):

open System

let hello = sprintf "Hello %s" "World"
// "Hello World", "$s" is for string
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let helloInt = sprintf "Hello %i" 42
// "Hello 42", "%i" is for int

let helloFloat = sprintf "Hello $f" 4.2
// "Hello 4.2000", "$f" is for float

let helloBool = sprintf "Hello %b" true
// "Hello true", "%b" is for bool

let helloNativeType = sprintf "Hello %A again!" ("World", DateTime.Now)
// "Hello {formatted date}", "%A" is for native type

let helloObject = sprintf "Hello %0 again!" DateTime.Now
// "Hello {formatted date}", "%0" is for calling ToString

® bprintf (bprintf):

open System
open System.Text

let builder = StringBuilder ()

// Attach the StringBuilder to the format function with partial application
let append format = Printf.bprintf builder format

// Same behavior as sprintf but strings are appended to a StringBuilder
append "Hello %s again!\n" "World"
again!\n" 42

o\°
i

append "Hello

Hh

append "Hello again!\n" 4.2

o

append "Hello again!\n" true

pd

append "Hello again!\n" ("World", DateTime.Now)

o° o° o° oo

O

append "Hello again!\n" DateTime.Now

builder.ToString () // Get the result string

Mcnonb3oBaHne aTux oyHKUMIA BMecTo cpyHKkumin .NET gaeT HekoTopble npenmyuiecTsa:

» Tun 6e3onacHocTy
* YactnyHoe npuMeHeHne
* MNopnoepxka pogHoro tnna F #

MpounTtante CTpyHbl oHNamH: https://riptutorial.com/ru/fsharp/topic/1397/CTpyHbl
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rnasa 29: Tun «eagnHULbI»

Examples

Yrto xopowiero B 0-koptexe?

Habop 13 2-x kopTexel unm 3-koptexer npeactasnseT coboi rpynny cBA3aHHbIX NPeaMETOB.
(Toukm B 2D-npocTpaHcTBe, RGB-3HavyeHus useta u 1. [1.). 1-KopTeX He 04eHb NONeseH,
NMOCKOMNbKY €ro MOXHO Nerko 3aMEHUTb OOHUM int .

0-kopTex kaxeTcs elwe bonee 6ecnoneaHbIM, NOCKOSIbKY B HEM HET aBCONIOTHO Hu4ero . TeM He
MeHee OH obnanaeT CBOWCTBAMU, KOTOPbIE AENal0T ero 04eHb NONE3HbIM B (PYHKLMOHANbHbIX
a3blkax, Takmx kak F #. Hanpumep, Tnn 0-kopTexa umeeT pOBHO 04HO 3HA4YeHNe, 0ObIYHO
npencTasfieHHoe Kak () . Bce 0-kopTeXu NMetoT 3T0 3HayYeHne, N03TOMY OH MO CyLWecTBy
ABNSIETCS OAHO3IEMEHTHBIM. B 60NbWMHCTBE PYHKUMOHASbHBIX S13bIKOB NMPOrpaMMMPOBaHUS,
Bknto4aqa F #, 9170 Ha3bIBAETCH TUMOM unit .

dyHKLMM, BO3BpaLaoWme void B C #, BO3BpAWAIOT TUM unit B F #:

let printResult = printfn "Hello"

3anycTuTte 310 B MHTEPaKTUBHOM UHTepnpeTartope F #, u Bbl yBuanTe:

val printResult : unit = ()

OTO O3HayaeT, 4TO 3HAYEHWE printResult UMEET TUM unit U UMEET 3HAYEHNe () (MyCTON KopTeX,
00HO 1 eANHCTBEHHOE 3Ha4YeHme TUNa unit ).

DyHKLMN TaKXe MOTyT MPUHMMATb TWM unit B KA4E€CTBE Napametpa. B F # cpyHkumnm mMoryT
BbIrNSAAETh TaK, Kak 6yATO OHM He NMPUHMMAIOT HUKakux napamMeTpos. Ho Ha caMoM aene oHu
6epyT eANHCTBEHHbIV NapaMeTp unit TUNA. OTa PYHKUUS:

let doMath() = 2 + 4

Ha CaMOM pgene 3KBMBaNEeHTHO:

let doMath () = 2 + 4

To ecTb, PyHKUMSA, KOTOPAA NPUHMMAET OOUH NapamMeTp unit TUMA M BO3BPALWAET 3HAYEHWE int
6. Ecnun Bbl nOCMOTPUTE Ha NOANUCH TUMA, KOTOPYIO MHTEPNPETUPYyeT UHTEePaK TUBHbIA
MHTepnpetartop F # npu onpeneneHnm aTon yHKUNN, Bbl yBUAONTE:

val doMath : unit -> int
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ToT dhakT, 4TO BCe doyHKUMM ByoyT NpUHMMATL MO KpaHein Mepe O4MH NapaMeTp 1 BO3BpallaTh
3Ha4YeHue, Jaxe ecnm aTo 3HaYeHne nHorna sasnsertcs «becnonesHbiM» 3HadeHnem like ()
O3Ha4yaeT, YTO KOMMNO3MUMa OYHKLUMIA HAMHOMO npoule B F #, 4eM Ha A3blkax, Ha KOTOPbIX HET Tun
unit . Ho 8T0 60nee NpoaABUHYThIA NpeaMeT, 0 KOTOPOM Mbl MOroBopuM no3xe. MNoka npocTo
NOMHUTE, YTO KOrga Bbl BUOUTE unit B CUTHATYPE PYHKUMN UAN () B NapameTpax PyHKUMn, 3T0
TUn 0-KopTeXa, KOTOPbIA CNYXUT B Ka4ecTBe cnocoba ckasaTtb: «9Ta OYHKUMS NPpUHUMAET Unn
BO3BpaLlaeT 3HAYEeHNS, 3HAUYUMbIE».

OTNnoXuUTb BbINONHEHNE Koaa

Mbl MOXXEM UCNONb30BaTb TUM unit B KAYECTBE aprymeHTa (oyHKUMM ons onpeneneHus
PYHKUUIA, KOTOPbIE Mbl HE XOTUM BbINOMHATL 40 KOHLA. DTO YacTO NONE3HO B aCUHXPOHHbIX
(POHOBbIX 3a[a4ax, Korga OCHOBHOM MOTOK MOXET 3anyckaTb HEKOTOpble NpenonpeneneHHble
hyHKUMUM OOHOBOr0 NOTOKA, HANPUMEP, MOXET ObiTb, MEPEMECTUTL €r0 B HOBbIA thalin nnu ecnu
aa let-binding He cnefnyeTt 3anyckaTtb cpasy:

module Time
let now = System.DateTime.Now // value 1is set and fixed for duration of program
let now() = System.DateTime.Now // value is calculated when function is called (each time)

B cnenytowem kone Mbl onpenensieM Kon Ans 3anycka «paboyero», KoTopbli NPOCTO BbIBOANT
3Ha4eHne, KoTopoe oH paboTaeT kaxaple 2 cekyHAabl. 3aTem pabo4ynii Bo3BpalaeT ase
CPYHKLIMK, KOTOPbIE MOTYT UCMOMb30BATLCS A5 yNpPaBNeHns UM - 0OAHa, KoTopasi nepemellaeT ee
[0 criepytouero 3HavyeHust ans paboTol, U KoTopoe nepectaeT paboTatb. OHM OONXHbI ObITb
PYHKLMSIMW, MOTOMY YTO Mbl HE XOTUM, Y4TOObI X TENa NCMONHANWCD [0 TeX NMop, Noka Mbl He
NPUMEM peLleHre, MHavye paboynii HeMeaeHHO NePEeMECTUTCS KO BTOPOMY 3HAYEHMIO 1
BbIK/IIOYMTCS, HE CAENAB HUYErO.

let startWorker value =
let current = ref value
let stop = ref false

let nextValue () = current := !current + 1
let stopOnNextTick () = stop := true
let rec loop () = async {

if !stop then
printfn "Stopping work."
return ()
else
printfn "Working on %d." !current
do! Async.Sleep 2000
return! loop () }
Async.Start (loop ())
nextValue, stopOnNextTick

3artem Mbl MOXEM HayaTb paboTHKKA,

let nextValue, stopOnNextTick = startWorker 12
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n pa60Ta Ha4yHeTCsd - eCN Mbl HAXOAUMCS B UHTEPAKTUBHOM pexXume F #, Mbl yBUOUM, 4YTO
Cco0bLIeHMS NevyaTarTCs Ha KOHCOMN KaX able OBe CeKyHAbl. 3aTteM Mbl MOXEM 3anyCcTtuTb

nextValue ()

N Mbl YBMOMM CO0OLWEHUS, yKasbiBatowme, 4To obpabaTbiBaeMast LEHHOCTb NEPEMECTMNACL HA
cnenyouyto.

Korna npvwno BpemMs 3aKkoOH4MTb paboTy, Mbl MOXEM 3anyCTUTb

stopOnNextTick ()

yHKLMS, KOTOpas pacnedyaraeT 3aKpbisatoliee cooblleHne, 3aTeM Bhlinaer.

unit TMMNA BaXHO 30ECb HE 03HAYaEeT «HEeT» BXO[ - PYHKLMM YXe eCTb BCS MHPOPMaLUS , OHU
LONXHbl paboTaTb BCTPOEHHbIE B HUX, U Bbi3biBAIOWMNA aDOHEHT HE MOXET U3MEHUTb.

Mpountante Tun «egmuHULbl» oHNarH: https://riptutorial.com/ru/fsharp/topic/2513/Tun--e anHnLbI-
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rnasa 30: Tun lNpoBanpepbl

Examples

Ncnonb3oBaHue nocraswmka CSV-tuna

YuntbiBas cnegyowmin goann CSV:

Id, Name
1,"Joel"
2, "Adam"
3, "Ryan"
4,"Matt"

Bbl MOXeTe npo4ynTaTb AaHHble CO CeayownMm CKpUnTom:

#r "FSharp.Data.dll"
open FSharp.Data

type PeopleDB = CsvProvider<"people.csv">
let people = PeopleDB.Load ("people.csv") // this can be a URL
let joel = people.Rows |> Seqg.head

printfn "Name: %s, Id: $i" joel.Name joel.Id

Ncnonb3oBaHue nocraswmka tuna WMI

MocTaBwwuk Trna WMI no3sonseT 3anpawmusatb cny>x6bbl WMI ¢ cunbHO TUNM3aunei.

YTo6bl BbIBECTU pe3ynbTaThl 3anpoca WMI kak JSON,

open FSharp.Management
open Newtonsoft.Json

// “Local’ is based off of the WMI available at localhost.
type Local = WmiProvider<"localhost">

let data =
[for d in Local.GetDataContext () .Win32_DiskDrive -> d.Name, d.Size]

printfn "%A" (JsonConvert.SerializeObject data)

Mpountante Tun lNposanaepbl oHNamH: https://riptutorial.com/ru/fsharp/topic/1631/Tmn-
nposangepsbl
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rnasa 31: Tunbl

Examples

BBepneHue B TUMbI

Tvnbl MOryT NPeacTaBNsATb pasHble Belwn. 10 MOryT OblTb OTAENbHbIE AaHHbIE, HAOOP AaHHbIX
Unn PyHKLUNS.

B F # Mbl MOXXEM CrpynnupoBaTth TUMbl MO OBYM KaTEropusM:

e Tunbl F #;

// Functions

let a = fun ¢ -> ¢
// Tuples
let b = (0, "Foo")

// Unit type

let ¢ = ignore

// Records

type r = { Name : string; Age : int }
let d = { Name = "Foo"; Age = 10 }

// Discriminated Unions
type du = | Foo | Bar
let e = Bar

// List and seq
let £ = [ 0..10 ]
let g = seq { 0..10 }

// Aliases
type MyAlias = string

o Tunbl .NET

@]

BcTtpoeHnHbin Tun (int, bool, string, ...)
Knaccbl, CTPpYKTYpbl 1 MHTEpenchl
- Heneratbl

> MaccwuBbl

]

Ab66peBnatypbl TUMNOB

A66peBV|aTypb| TLNOB NO3BONAKOT CO34aBaTb NCEBAOHNMbI Ha CYWLECTBYOWNX TUNAX, 4TOObI
npnoatb MM b6onee 3Ha4YNMble owyuweHuns.
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// Name is an alias for a string
type Name = string

// PhoneNumber is an alias for a string
type PhoneNumber = string

3aTteM Bbl MOXETe UCNONb30BaTh NCEBOOHNM TaK Xe, Kak 1 ntobol apyro Tun:

// Create a record type with the alias
type Contact = {

Name : Name

Phone : PhoneNumber }

// Create a record instance
// We can assign a string since Name and PhoneNumber are just aliases on string type

let ¢ = {
Name = "Foo"
Phone = "00 000 00O" }

printfn "SA" c

// Output
// {Name = "Foo";
// Phone = "00 000 000";}

BynbTe 0CTOPOXHbI, anuacbl He MPOBEPSIIOT COOTBETCTBME TUMOB. OTO O3HA4YaeT, 4To ABa
rceBaoHMMA, KOTOPbIe HaleneHbl Ha OAWH U TOT Xe TUM, MOryT ObiTb Ha3Ha4YeHbl Opyr Opyry:

let ¢ = {

Name = "Foo"

Phone = "00 000 000" }
let d = {

Name = c.Phone

Phone = c.Name }

printfn "%A" d

// Output
// {Name = "00 000 000";
// Phone = "Foo";}

Tunbl co3paloTcs B F #, ucnonb3ys Ko YeBoe CNOBO TUNa

F# NCMONb3YeET KNo4YeBOe CJI0BO type OJ1I CO340aHUNA PA3/TNMYHbIX TUMNOB TUMOB.

1. Tvn nceBooHMMOB

2. Tunbl GUCKPUMMHALMOHHOIO Coto3a
3. Tvnbl 3anvcei

4. Tunbl HTepdoencoB

5. Tunbl Knaccos

6. Tunbl TUNOB

MpuMepbl C 9KBUBANEHTHLIM KOLOM c# F4e 9TO BO3MOXHO:
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// Equivalent C#:
// using IntAliasType = System.Int32;
type IntAliasType = int // As in C# this doesn't create a new type, merely an alias

type DiscriminatedUnionType =
| FirstCase
| SecondCase of int*string

member x.SomeProperty = // We can add members to DU:s
match x with
| FirstCase -> 0
| SecondCase (i, _) -> 1

type RecordType =
{

Id : int
Name : string

}

static member New id name : RecordType = // We can add members to records
{ Id = id; Name = name } // { ... } syntax used to create records

// Equivalent C#:
// interface InterfaceType

/A
// int Id { get; }
// string Name { get; }
// int Increment (int 1i);
// 0}

type InterfaceType =
interface // In order to create an interface type, can also use [<Interface>] attribute

abstract member Id : int

abstract member Name : string

abstract member Increment : int -> int
end

// Equivalent C#:
// class ClassType : InterfaceType

/A

// static int increment (int i)

// {

// return i + 1;

// }

//

// public ClassType (int id, string name)

// {

// Id = id 5

// Name = name ;

// }

//

// public int Id { get; private set; }

// public string Name { get; private set; }

// public int Increment (int 1)

// {

// return increment (i);

// }

// 0}

type ClassType (id : int, name : string) = // a class type requires a primary constructor
let increment i = i + 1 // Private helper functions

interface InterfaceType with // Implements InterfaceType
member x.Id = id
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member x.Name = name
member x.Increment i = increment i

// Equivalent C#:
// class SubClassType : ClassType
/A
// public SubClassType (int id, string name) : base(id, name)
// {
// }
// 0}
type SubClassType (id : int, name : string) =
inherit ClassType (id, name) // Inherits ClassType

// Equivalent C#:
// struct StructType
/1A
// public StructType (int id)
// {
// Id = id;
// }
//
// public int Id { get; private set; }
/)
type StructType (id : int) =
struct // In order create a struct type, can also use [<Struct>] attribute
member x.Id = id
end

BbiBOO TUNa

NMonTsepxneHue
OTOT NpUMeEp aganTUpPOBaH N3 3TOW CTaTbW O TUMNE BLIBOAA
Yro Takoe BbiBOA TUNA?

Type Inference - 370 MexaHn3M, NO3BONAOWMNIA KOMMUIATOPY ONPEnennTb, Kakme Tumbl
NCNONb3YIOTCA U rae. ATOT MEXAHN3M OCHOBAH Ha anropuTMe, KOTOPbIA YacTO Ha3bIBAOT «
Hindley-Milner» nnn «<HM». Huxe npmeeneHbl HEKOTOpble Npasuna onpeneneHns TUnoB NPoCTbIX
N PYHKUNOHANbHbBIX 3HAYEHWUIA:

[MocmoTpuTe Ha nuTepansl

MocMoTpuTe Ha OYHKLUWUW U OpYrue LeHHOCTU, C KOTOPbIMM YTO-TO B3aUMOAENCTBYET
MocmoTpuTe Ha Ntobble IBHbIE OrpaHMYeHust Tuna

Ecnn B ntoboM MecTe HeT orpaHu4YeHuidi, aBTomatmnyieckn obobwante obwme TUMb

nOCMOTpVITe Ha nutepanbl

KoMnnnatop MOXeT BbIBOAUTb TUMbI, NpocMaTpmBas nutepansl. Ecnn nutepan asnsertcs int, u
Bbl 10DOaBNSieTE K HEMY «X», TOrAa «X» TakXe AoNXeH ObiTb int. Ho ecnn nutepan siBnsietcs
float, n Bbl goBaBnsieTe K HEMY «X», TOraa «X» TakXxe OonxeH 6biTb float.
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BoT HekoToOpble npumepb!:

let inferInt x = x + 1

let inferFloat x = x + 1.0

let inferDecimal x = x + 1m // m suffix means decimal

let inferSByte x = x + 1y // y suffix means signed byte
let inferChar x = x + 'a' // a char

let inferString x = x + "my string"

nOCMOTpVITe Ha (*)yHKLIMI/I n apyrme 3Ha4yeHus, C KOTOpPbIMA OH BSGMMOAeﬁCTByeT

Ecnu nutepanos HeT, KOMOMASATOP MbiTAETCS BblpaboTaTh TUMbI, aHANN3NPYS PYHKLUM U Opyrue
3Ha4YeHUsl, C KOTOPbIMM OHM B3aUMOAENCTBYIOT.

let inferInt x = x + 1

let inferIndirectInt x = inferInt x //deduce that x is an int

let inferFloat x = x + 1.0
let inferIndirectFloat x = inferFloat x //deduce that x is a float

let x =1
let y = x //deduce that y is also an int

nOCMOTpVITe Ha KaKkue-nmbo siBHble orpaHnyeHvs tTmna nanm aHHoTauunun

Ecnu ecTb kakme-nnbo siBHble orpaHuny4YeHund Tmna nnn aHHoTaunn, To KOMNUNATop 6y,ﬂ,eT nx
MCronb30BaThb.

let inferInt2 (x:int) = x // Take int as parameter

let inferIndirectInt2 x = inferInt2 x // Deduce from previous that x is int

let inferFloat2 (x:float) = x // Take float as parameter

let inferIndirectFloat2 x = inferFloat2 x // Deduce from previous that x is float

ABTOMaTnyeckoe ob6o6LueHue

Ecnu nocne Bcero atoro He 06HapPy>XeHO OrpaHnyYeHunii, KOMNUNSATOP NPOCTO AenaeT TuUMbl
00600LWEHHbIMW.

let inferGeneric x = x
let inferIndirectGeneric x = inferGeneric x
let inferIndirectGenericAgain x = (inferIndirectGeneric x).ToString()

BeLI.I.I/I, KOTOpbie MOTyT MOWTU He TaK C TUNOM BbiBOAA

YBbl, TUN BbIBOLA HE YBEHYAH YCNEXOM. VIHOria KOMNUAATOP NPOCTO He 3HAET, YTO AenaTtb.
OnsiTb Xe, NOHMMaHWe TOro, YTO NPOUCXOANT, AENCTBMTENBHO NOMOXET BaM OCTaBaTbCH
CMOKOIHbIM, @ He XenaTb youtb koMnunsatopa. BoT HEKOTOPbIE N3 OCHOBHbLIX MPUYUH OWNOOK
Tyna:

» Ob6bABNEHUS HE B NopsiaKe
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* He xBataeTt nHgopmaumm
* [leperpyxeHHble MeToabl

O6bsiBNeHUs He B NopsiaKe

OcHoBHOE npaBnno 3akKJiro4aeTCAa B TOM, YTO Bbl OOJTXHbI 06BbSBNATb q:)yHKLI,VIVI 0o nx
MCrnoNb30BaHUA.

9710T KO He paboTaerT:

let square2 x = square x // fails: square not defined
let square x = x * x

Ho aT0 HopManbHO:

let square x = x * x
let square2 x = square x // square already defined earlier

PeKprI/IBHbIe nnm ogHoBpeMeHHble obbsiBNeHust

BapuaHT npobnembl «He B NOPSAKE» BO3HMKAET C PEKYPCUBHBIMUA CPYHKLIMAMUN NN
onpeneneHnsaMmn, KoTopble LOMXKHbI CCbiNaTbCs APYr Ha Apyra. Hukakoe Konn4ecTBo
nepeynopsifoYeHns He MOMOXET B 3TOM Cly4Yae - HaM HY>XXHO MCNOb30BaTb AOMNONHUTENbHbIE
KNoYeBble CNOBa, YTOObI MOMOYb KOMMUASTOPY.

Korna goyHKLMS KOMNUAMPYETCS, MAEHTUAMKATOP GOYHKLUUN HEQOCTYNEH Ansa Tena. Noatomy,
€Cnv Bbl ONPEeaennTe NPOCTYO PEKYPCUBHYIO (OYHKLMIO, Bbl MONTyYNTE OWKMOKY KOMNUnsaTopa.
NcnpaBneHve cocTomT B TOM, 4TOObI 06aBMTb K/IKOYEBOE CMIOBO «reC» Kak 4YacTb OnpeneneHns
yHKuun. Hanpumep:

// the compiler does not know what "fib" means
let fib n =
if n <= 2 then 1
else fib (n - 1) + fib (n - 2)
// error FS0039: The value or constructor 'fib' is not defined

BoT doukcupoBaHHas Bepcusi ¢ nobasneHneM «rec fib», 4Tobbl ykasaTb, YTO OHa PeKypcuBHa:

let rec fib n = // LET REC rather than LET
if n <= 2 then 1
else fib (n - 1) + fib (n - 2)

He xBataet nHcpopmauum

NHorpa nnsa onpeneneHns Tuna KOMNUASTop NpocTo He pacrnonaraet 4OCTATOYHOM
nHdopmaumein. B cnenytowem npyumepe KOMAMASTOP HE 3HAET, HA Kakoi TUN fONXeH paboTaTtb
meTon Length. Ho oH He MOXeT caenatb ero 06wmuM, NO3TOMY OH XanyeTcs.
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let stringlLength s = s.Length
// error FS0072: Lookup on object of indeterminate type
// based on information prior to this program point.
// A type annotation may be needed ...

911 ownbku MOTyT 6bITb ncnpassieHbl C MOMOLLbIO ABHbIX aHHOTALMWIA.

let stringLength (s:string) = s.Length

MeperpyXeHHble MeToObI

Mpwv BbI30BE BHEWHero knacca unv metoaa B .NET Bbl 4acTo byaete nonyyatb owmbku ns-3a
neperpysku.

Bo MHOrux cnyvasx, Takmx Kak npvumep concat HuXxe, BaMm NpuaeTcs SBHO aHHOTUPOBATb
napameTpbl BHELWHEN yHKUMM, 4TOObI KOMMUASTOP 3HaN, KaKov NeperpyXeHHbI MeTon Hy>XHO
BbI3BATb.

let concat x = System.String.Concat (x) //fails
let concat (x:string) = System.String.Concat (x) //works
let concat x = System.String.Concat (x:string) //works

NHorpa neperpy>xeHHblie MeTo bl MMEIOT pa3Hble MMEHA apPryMeHToB, 1 B 3TOM C/ly4ae Bbl TakXe

MOXeTe OaTb KOMMUATOPY KoY, Ha3blBas apryMeHTbl. Hnxe npmeseneH npumep KOHCTpyKTopa
StreamReader.

let makeStreamReader x = new System.IO.StreamReader (x) //fails
let makeStreamReader x = new System.IO.StreamReader (path=x) //works

MpounTtante Tunbl oHnamH: https://riptutorial.com/ru/fsharp/topic/3559/Tunbi
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rnasa 32: Tunbl onuun

Examples

OnpeneneHuve BapnaHTa
Option - 3TO ,D,VICKpI/IMVIH&LI,I/IOHHbIVI COI03 C OABYMSA CnydasiMU: « None UJIN « Some .

type Option<'T> = Some of 'T | None

Mcnonb3yute onuuio <'T> Hag, HYNeBbIMA 3HaYEeHUAMU

B a3blkax pyHKLMOHANBbHOIr0 NPOrpaMMUPOBaHNS, TaKNX Kak 3HAYEHUS F# null , CYUTAETCS
NOTEHUMANbHO ONAaCHbIM U MAOXUM CTUNEM (HEMONOMATUYECKUM).

PaCCMOTpI/IM 9TOT KOA c# :

string x = SomeFunction ();
int 1

x.Length;

x.Length OyHeT BpocaTtb, eCnn x PaBHO null , 0OOABMM 3aWNTY:

string x = SomeFunction ();

int 1l =x != null ? x.Length : 0;
Nnn xe:

string x = SomeFunction () 2?2 "";

int 1 = x.Length;
Nnn xe:

string x = SomeFunction ();

int 1 = x?.Length;

B nonomaTtmyeckmx 3Ha4eHnSX r# null HE MCNOJIb3YKOTCA, NO3TOMY HAll KOL BbIrNAOUT TaK:

let x = SomeFunction ()
let 1

x.Length

OpgHako uHoraoa BO3HUKaeT HeO6XOJJ,I/IMOCTb B npenctaBneHnn nycTbixX Nnan HeoonycTMbIX
3Ha4YeHNin. 3aTeM Mbl MOXEM UCMONb30BaTb Option<'T> :

let SomeFunction () : string option = ...
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SomeFunction JIMOO BO3BPALWAET some string 3HAYEHUE, NMNOO None . Mbl U3BNEKAEM string 3HAYEHME
C UCMONb30BaHNEM COOTBETCTBMS WabnoHy

let v =
match SomeFunction () with
| Some x -> x.Length
| None > 0

MprynHa 3TOro Koga MeHee Xpynkas:

string x = SomeFunction ();
int 1l = x.Length;

9T0 NOTOMY, 4TO Mbl HE MOXEM BbI3bIBATb Length MO string option . HAM HY>XHO U3BNEYb string
3Ha4YeHne ¢ NOMOLLbIO COMOCTaBNEHUS WabOHOB, U TEM CaMbIM Mbl FAPaHTUPYEM, YTO string
3Ha4YeHne byneT He3onacHoO NCMONb30BaTh.

OnuunoHanbHbIX MOLy/Nb NO3BONSAET HaBUrauus rno XxenesHom gopore

ObpaboTka ownbok BaxHa, HO MOXET NPEBPATUTb MU3ALLHbIA anropuTMm B 6ecnopsinok. X ecTko
OPVEHTUPOBAHHOE MporpaMmpoBaHne (rop ) UCNONb3YyeTCa ANs yrnpolweHns obpaboTku owmnbok
1 co3gaHnsa KoOMNo3numi.

PaccMoTprM NpocTyto COYHKLMIO £ :

let tryParse s =
let b, v = System.Int32.TryParse s
if b then Some v else None

let £ (g : string option) : float option =
match g with
| None —-> None
| Some s —>
match tryParse s with // Parses string to int
| None —-> None
| Some v when v < 0 —> None // Checks that int is greater than 0

| Some v —> v |> float |> Some // Maps int to float

Llenbto £ sBnsieTcs anst pasbopa BXOLHOW string 3HAYEHNS (€CNN €CTb Some ) B int . ECAN int
6onblue o Mbl NPEBPALLAEM ETO B float . BO BCEX OCTANbHBIX CyYasiX Mbl CNACaeMcs C None .

HecmoTps Ha TO, 4TO Ype3BbIYAHO NPOCTas PYHKLMS BNOXEHHOIO match 3HAYNTENBHO
YMEHbLWAET YNTAEMOCTb.

ROP OTMEYaeT, YTO Yy HAaC eCTb ABa NyTun BbIMOTHEHUNSA B Hawewn nporpamme

1. CyacTnmBbIA NyTb - B KOHEYHOM UTOTFEe BbIYUCIIUT Some 3HAYEHWE
2. MyTb ownboK - BCe OCTaNbHbIE MYTU HE None

MockonbKy NyTu ownbok Bonee YacTbl, OHW, Kak NpaBuo, UCNonbaytoT koa. Ham 6bl xoTenoco,
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4yTObObI KOO CHACTNMBOrO NyTK H6bIN Hanbonee BUAMMbIM KOLOM.

OKBMBaNEHTHas prHKLI,I/ISI g NCMONb3yKOWas ror MOXET BbIrNMAOETb TaAK:

let g (v : string option) : float option =
v
|> Option.bind tryParse // Parses string to int
|> Option.filter ((<) 0) // Checks that int is greater than 0
|> Option.map float // Maps int to float

OTO 04EHb NOXOXE Ha TO, KaK Mbl CKJIOHHbI O6pa6aTbIBaTb CMNCKN n nocnenoBaTte/ibHOCTU B F# .

Bbl MOXeTe YBUOETb Option<'T> KaAK List<'T> KOTOpr|7| MOXeT cooepXaTb TO/MbKO 0 NN 1
3N1eMeHT, rae option.bind BegeT cebsa kak List.pick (KOHLI,el'ITyaJ'IbHO Option.bind Nly4Hlle
0T06pa>KaeT List.collect HO List.pick MOXET ObITb Nnerye I'IOHFITb).

bind , filter M map OOpabaTbiBaeT NyTH OWMOOK, @ g COAEPXUT TONBbKO KO CHACTMBOrO NyTHW.

Bce doyHKLMK, KOTOPbIE HENOCPEACTBEHHO NMPUHUMAIOT Option<_> U BO3BPALLAIOT option<_> ,
HanpsiMyto MOryT HblTb CKOMMUAMPOBAHbI C MOMOLLbIO |> U >> .

Takum O6pa3OM, ROP MNOBbLIWAET YNTAEMOCTb N CI'IOCO6HOCTb K ClLULMBAHUIO.
Ncnonb3oBaHue Tunos onuuu ua C #

He pekomeHayeTcs BbIBOAUTL TUMbl ONunid Ha kog, C #, Tak kak y C # HeT cnocoba cnpaBmTbCs €
HUMKU. BapunaHTbl - TG0 BBECTU Fsharp.Core KAk 3aBUCUMOCTb B BawweM npoekte C # (4To Bam
HY>XHO caoenatb, ecnu Bbl noTpebnsiete 6ubnunoteky F #, He npegHa3HaYeHHyo ansl
B3anmogeincteust ¢ C #), nmbo N3MeHNTb 3HAYEHWNS None HA null .

Pre-F #4.0

Cnocob caenaTb 370 - CO34aTb COOCTBEHHYO (PYHKLMIO NPeobpasoBaHus:

let OptionToObject opt =
match opt with
| Some x —-> x
| None —-> null

Llna TMNoB 3Ha4YeHU Bam npnoetcs I'IpVI66FaTb K 6OK0y NN NCNONb30BATb System.Nullable .

let OptionToNullable x =
match x with
| Some i —-> System.Nullable i
| None —-> System.Nullable ()
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F#4.0

B F # 4.0 doyHKUWUN o£0b3 , toOb] , ofNullable M toNullable €C/IN OHW BBELAEHbI B MOAY/b option . B

F # interactive OHM MOryT NCNONb30BaTbCS CreayowmmM obpasom:

let 11
let 12

// val
// val

let 13
// val

= [ Some 1 ; None ; Some 2]

= 11 |> List.map Option.toNullable;;
11 : int option list = [Some 1; null;
12 : System.Nullable<int> list = [1;
= 12 |> List.map Option.ofNullable;;
13 : int option list = [Some 1; null;

// Equality

11
11

12 // fails to compile: different types
13 // true

Some 2]

null;

2]

Some 2]

O6paTVITe BHMUMaHME, 4TO None KOMMUINPYETCA C null BHYTPEHHUM. OpHako, 4YTo Kacaetcs F #,

9TO None .
let 1A = [Some "a"; None; Some "b"]
let 1B = 1A |> List.map Option.toObj
// val 1A : string option list = [Some "a";
// val 1B : string list = ["a"; null; "b"]
let 1C = 1B |> List.map Option.ofObj
// val 1C : string option list = [Some "a";
// Equality
1A = 1B // fails to compile: different types

1A

Mpountainte Tunbl onunm oHnarH: https://riptutorial.com/ru/fsharp/topic/3175/Tunbl-onumia

1C // true

null;

null;

Some "b"]

Some "b"]
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rnaea 33: oyHKL UMW

Examples

dyHKUMM 6onee ooHOro napameTpa

B F # Bce oyHKL MM NPUHUMAIOT POBHO OAMH NMapaMeTp . ITO KaXeTCs HeYEeTHbIM
YyTBEPXAEHUEM, NMOCKONbKY TPMBMANbHO Nerko o6 bsBMTb 6onee 0IHOro napameTpa B
06 bSABNEHUN (PYHKLNN:

let add x vy = x + vy

Ho ecnu Bbl BBEAETE 3T0 06bSIBNEHME (PYHKLUMM B MHTEPAKTUBHBIA MHTEpnpeTaTop F #, Bbl
YyBUONTE, 4TO €ro noanuchb Tmna:

val add : x:int -> y:int -> int

Be3 nmMeH napamMeTpoB ata NOANUCH ABNASETCS int —> int —> int . OepaTop -> ABNSETCS NpaBo-
accoumnaTmBHbBIM, YTO O3HAYaAET, YTO 9Ta CUrHATypa 9KBUBANEHTHA int —> (int -> int) . Jpyrumm
CNOBaMW, add - 3TO (PYHKLUMSA, KOTOPAs NPMHUMAET OOMH NapameTp int U BO3BpawaeT PyHKLMUIO,
KOoTopasi NpMHUMaeT OOMH int U BO3BpaLUaeT int . [lONbiTancs:

let addTwo = add 2

// val addTwo : (int —-> int)
let five = addTwo 3

// val five : int = 5

Tem He MeHee, Bbl TaKXX€ MOXETE Bbl3BaTb (PYHKLMIO, HANPUMEP, add Bonee «0bbl4Hy0» MaHepy,
npsiIMO Nepenas el ABa napameTpa, 1 oHa byaeTt paboTaTh Tak, Kak Bbl OXuaanu:

let three = add 1 2
// val three : int = 3

OTO OTHOCUTCSH K prHKLl,VIﬂM C TaKUM KONM4YeCTBOM NMapaMeTpoB, KOTOPOE Bbl XOTUTE!

let addFiveNumbers a b cde =a +b +c +d+ e

// val addFiveNumbers : a:int -> b:int -> c:int -> d:int -> e:int -> int
let addFourNumbers = addFiveNumbers 0

// val addFourNumbers : (int —-> int —-> int -> int -> int)

let addThreeNumbers = addFourNumbers 0

// val addThreeNumbers : (int -> int -> int -> int)

let addTwoNumbers = addThreeNumbers 0

// val addTwoNumbers : (int —-> int —-> int)

let six = addThreeNumbers 1 2 3 // This will calculate 0 + 0 + 1 + 2 + 3
// val six : int = 6
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OTOT METO MbIWNEHNS O MHOronapameTpu4ecknx PyHKLUMAX Kak PyHKLUMK, KOTOpbIE
NPUHUMAOT O4MH NapameTp 1 BO3BPALLAIOT HOBbIE (PYHKUMM (KOTOpPbIE, B CBOKO 04Yepenb, MOryT
npPUHMMaTb OAMH NapamMeTp M BO3BpallaTb HOBblE (PYHKLMK, NOKa Bbl HE OOCTUrHETE KOHEYHOM
OYHKLMN, KOTOpas NPUHMMAaET OKOHYaTENbHbIA NapaMeTp 1, HaKOHEL, BO3BpaLwaeT peaynbTar)
HasblBaeTcs currying , B 4ecTb MaTemaTuka Haskell Curry, koTopblii cnaBuTtcs paspaboTkoii
KoHuenuuu. (OH Bbin M306peTeH KeM-TO OpyruM, HO Kappwu 3acnyXeHHO nonyyaeTt 60nbLuyto
YyacTb KpeauTa.)

dTa KoHUenuns ncnob3yeTcs BO BCEM F #, 1 Bbl 3aXOTUTE O3HAKOMUTbLCS C HEN.
OcHOBbI (hyHKLUWA

BonbWNHCTBO doyHKUMI B F # cO30a0TCHA C NOMOLLbIO CUHTAKCKCA 1et :

let timesTwo x = x * 2

IT0 onpenensetr PYHKUNIO C UMEHEM timesTwo KOTOPAS NPUHMMAET OOUH NapameTp x . Ecnu Bbl
3arnyckaeTte UHTePaKTUBHbIA ceaHC F # ( fsharpi HA OS X 1 Linux, fsi.exe B Windows) n
BCTaBNseTe 3Ty PyHKUMIO B (M fobaBnseTe ;; KOTOPbIA COOOWAET fsharpi O TOM, YTO Bbl
OoueHMBaeTe TONbKO YTO BBELAEHHbIN KOA), Bbl yBUANTE, 4TO 3TO OTBEYaeT:

val timesTwo : x:int -> int

OT0 03HAYaEeT, YTO timesTwo - ATO PYHKLMSA, KOTOPAS NPUHUMAET OAUH NapameTp x TUNA int W
BO3BpallaeT int . CUrHaTypbl PyHKUMIA YacTo 3anucbiBatoTcst 6e3 MMeH napamMeTpoB, NO3TOMY Bbl
4acTO YBUAWUTE BTOT TUM PYHKUUN, 3ANNCAHHBINA KaK int —> int .

Ho xpatb! Kak F # 3Han, 4T0 x SBNgeTCS uenbiM NapaMeTpoM, Tak Kak Bbl HAKOr 4a He ykasanmu
ero Tmn? 970 CBA3aHO C TUMOM BbiBoAa . [1ockonbKy B Tenie OyHKLMM Bbl yMHOXAaeTe x Ha 2 ,
TUMbI x U 2 BONXHbI ObITb 0AnHakoBbiMK. (Kak npasuno, F # He OyneT HesBHO nepegasatb
3Ha4YeHUs 4Ns pasHbIX TUMOB, Bbl AONXKHbI SBHO yKaabiBaTb NH0ObIE TUMbI NPUEMOB).

Ecnu Bbl X0TTE co3aaTh OYHKLMIO, KOTOPAsS HE MPUHMMAET HMKAKMX NapaMeTpoB, 31O
HenpaBUNbHbIN cnocob caenatb 3T0:

let hello = // This is a value, not a function
printfn "Hello world"

MpaBunbHbIN cnocob coenatb 3T0:

let hello () =
printfn "Hello world"

9T1a PYHKUNS hello UMEET unit —> unit , KOTOPbIA OO BSACHAETCA B TUME «UNit» .
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Curried vs Tupled Functions

CywecTByeT OBa criocoba onpeneneHust yHKUUA ¢ HECKONTbKMMY NapameTpamm B pyHKUMSX F
#, Curried n Tupled.

let curriedAdd x y = x + y // Signature: x:int -> y:int -> int
let tupledAdd (x, y) = x + vy // Signature: x:int * y:int -> int

Bce cdoyHkuum, onpeneneHHble n3sHe F # (Hanpumep, .NET framework), ncnonbaytotca B F# ¢
POpMOii C pacwmpeHnem. BonblWMHCTBO PyHKLMIA B 6a30BbIX MOOYNsX F # ncnonb3yoTcs ¢
doopmoin Curried.

CDopMa Curried cuyntaetcs VI,U,VlOMaTI/l‘-leCKOM F #, MOCKOJ/IbKY OHa gonyckaeTt 4YaCcTU4yHoe
npuMeHeHne. Hwn O4VH M3 cnedyrowmnx Oeyx npnMmepos HEBO3MOXEH C NMOMOLLbIO CpOprI <<Tyr||/|K>>.
let addTen = curriedAdd 10 // Signature: int —-> int

// Or with the Piping operator
3 |> curriedAdd 7 // Evaluates to 10

MprymHa aTOro B TOM, 4TO (pyHKUMsI Curried Npu BbI30BE C OAHMM NapamMeTpoM BO3BpallaeT
yHKumio. [Jobpo noxanosatb B PyHKLMOHANBHOE NPOrpaMMnpoBaHue!

let explicitCurriedAdd x = (fun y -> x + y) // Signature: x:int -> y:int -> int
let veryExplicitCurriedAdd = (fun x -> (fun y -> x + y)) // Same signature

Bbl MOXeTe BUOETb, YTO 9TO TOYHO Takas Xe Noanuchb.

TeM He MeHee, npuw B3ammodeincTemm ¢ apyrum kogom .NET, Kak 1 npu HanucaHum 6ubnmnoTex,
BaXHO onpenenntb oyHKUMN, ncnonb3ys gpopmy Tupled.

BcTtpauBaHue

BnoxeHne no3eBonseTt 3aMeHUTb BbI30B PYHKUNU C TENOM (PYHKLNW.

970 MHOria None3Ho ANs NOBbIWEHUS NPON3BOAMTENBHOCTY B KPUTMYECKON YacTu koaa. Ho
aHanoruo siBNsieTcsa To, 4TO Bawa cbopka 3aiMeT MHOro MecTa, Tak Kak Teno goyHKUMm
nybnvpyeTcs noectofy, Koraa npounsowesn 3BoHOK. Bbl 4ONXHbI 6bITb OCTOPOXHbI, KOraa
pewaeTe, cnenyeT NN BCTpamBaTtb PYHKLMIO UK HET.

CDyHKLI,I/IFI MOXeT ObITb BCTPOEHa B KNKo4EeBOE CJIOBO inline .

// inline indicate that we want to replace each call to sayHello with the body
// of the function
let inline sayHello sl =

sprintf "Hello %s" sl

// Call to sayHello will be replaced with the body of the function
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let s = sayHello "Foo"
// After inlining ->
// let s = sprintf "Hello %s" "Foo"

printfn "%s" s
// Output
// "Hello Foo"

Lpyroi npuMep ¢ nokanbHbIM 3HAYEHNEM:

let inline addAndMulti numl num2 =
let add = numl + num2
add * 2

let i = addAndMulti 2 2
// After inlining ->

// let add = 2 + 2

// let i = add * 2
printfn "%i" i

// Output
// 8

Tpy6a Bnepen, n Ha3apg,

OrlepaTopbl TDY6 NCNoNb3YyTCA ANS NPOCTOro N 3NeraHTHOro nepegayn napaMmeTpoB PYHKLNN.
OT0 NO3BONSET UCKNIOYNTD NPOMEXYTO4YHbIE 3HAYEHNA N YNPOCTUTb YTEHNE (pYHKLI,VIVI.

B F # cywecTBylOT ABa oneparopa:

* Bnepegn ( 1> ): nepenaya napameTpoB cnesa Hanpaso

let print message =
printf "%s" message

// "Hello World" will be passed as a parameter to the print function
"Hello World" |> print

* Haszap ( < ): nepenaya napameTpoB cnpasa HaneBo

let print message =
printf "%s" message

// "Hello World" will be passed as a parameter to the print function
print <| "Hello World"

BoT npumMep 6€3 onepaTopos:

// We want to create a sequence from 0 to 10 then:
// 1 Keep only even numbers

// 2 Multiply them by 2

// 3 Print the number
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let mySeq = seq { 0..10 }

let filteredSeqg = Seqg.filter (fun c -> (c % 2) = 0) mySeq
let mappedSeqg = Seg.map ((*) 2) filteredSeqg
let finalSeqg = Seg.map (sprintf "The value is %$i.") mappedSeq

printfn "%A" finalSeq

Mbl MOXeEM cokpaTUTb Npeablaylwnii npuMep 1 caenatb ero 60nee YNCTbIM C MOMOLLbIO
onepaTopa npsiMoi Tpyobi:

// Using forward pipe, we can eliminate intermediate let binding
let finalSeqg =

seq { 0..10 }

|> Seqg.filter (fun c -> (c % 2) = 0)

|> Seg.map ((*) 2)

|> Seg.map (sprintf "The value is %i.")

printfn "%A" finalSeq

Kax obli pe3ynbTaT oyHKLMM NepeaaeTcs Kak napamMeTp cneaytowen qyHKLMN.

Ecnun Bbl XOTUTE NepenaTtb HECKO/IbKO NapamMeTpoB onepaTopy TpyObl, Bbl 4ONXKHbI 4OOABUTD |
ONS Kax4oro gonofHMTENbHOMO napameTpa un co3gatb KopTtex ¢ napametpamu. Onepatop
npsiMon F # nogaepxveaeT 00 Tpex napameTpos (|||> nnum <|||).

let printPerson name age =

printf "My name is %s, I'm %i years old" name age

("Foo", 20) ||> printPerson

[MpounTante goyHkumm oHnamH: https://riptutorial.com/ru/fsharp/topic/2525/dpyHkummn
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KpenuTbl

10

11

12

13

14

15

CnaBbl

Hauyano pabotbl ¢ F #

1: F # Koo WPF gns
NPUNOXEHNS C
FsXaml

F # Ha .NET Core

F # CoBeTbl 1
noackKasku
NPOV3BOANTENBHOCTU

AKTVBHbIE WabnoHbl

BeeneHvne 8 WPF B F
#
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