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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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Linux

HRIEDTA X MIE 1= I UONYT—IRR—U¥—Apt. YumE E & £onarp «  mono-
complete/ N\ T—V & conarp/ \YT—V&EA VX F—L LET. NicESBICIF. Visual Studio T —
R % L Tionide—fsharp J 274 V&A UX b—ILF SN, Atom#%E LU Tionide-instalier J 774
V% ionide-installer& 9o DA TV I UIT DWW TIZhitp://isharp.org/usellinux/ZE LT L/EE 0

ZAICHIT
hniF. K3V —LTRYITO bOI—RT. "Hello. World" STDOUTIC L. I—RoLE T

[<EntryPoint>]

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

TEDTL—o5Y Yy

o [<EntryPoint>] - PRICDTATIL ) —Z D"TUR)—RA U RETBHIHICTHHY
v R"EY—0F % net .

o let main argv - —HUI. Dargy DmainE WO ELET. CNIITATSLOI U MN)RA Y
NeDT. aruldDICEDET. DIF. (CTATSLIZENIZTTY.

o printfn "Hello, World!" - printinld. SN EDELTL. BLE T,

0-FIZICZEL. &aNBIEOODTYT. (ZDICTSHE. BICEBEELIT.

*ZCNIITIEIHODIBAD . (CIITIIHVIEA . [CIdTextWriterFormatTH V. 73T
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FA> 957547
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FTVisual StudioZ 1 X h—JL L/2I3. vc:\program Files (x86)\Microsoft
SDKs\F#\4.0\Framework\v4.0\Fsi.exe" L CFInteractiveZ 1 VYV —IL TTEX 9. LinuxX7/=130S X
T. AR VDB B tcharpi PDVIT DT HENET. DD jusr/pink 7213 T jusr/1ocal /pind L
FSIREDA U Z b—LICLT-0WIFNhDOT. IRV RDNBE-DICEITNIEDE B AramT S
CEMTELTDOT. (Cronarpi X T

FA U S0T4TED

> let i 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 i
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val j : int = 2 // the value of j
val it : int = 3 // computed expression

> #quit;; //quit fsi

#help;; L/#help;;(jtd_’&){)
L DICLTLEE D, (LENEIY U RETSHELSICREPLICLE T,
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27 TILEII3F TILIE. OTIL—TH5 LT T. 2DD. DRGBIE E1Y TILIZ. 1 DD TICE
ZHEMTEHOTHIVICETEA.

07 TILIIIZHATWEWDT. EBICICZET. TNICHEOESETICETRNTADBH DX
F. fcEZIE 07 TLIEBEESE1IDDELS. 3 EdNET. INTOOI TLIIZDED=®H.
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C?void%g—‘;\ qunit% L/void
let printResult = printfn "Hello"

EFNEFA U TN)ITTBHE. ODESICETNIE T

val printResult : unit = ()

_hnlg. ol & %a—éprintResult—Cs&) éunit N U’Z’?’ % () 0)77)|/0)0)unit0

. mitDNTA—HFELTHIENTELT. FTII. INTA—HE>TWHWENWELDICZ S
hEHELNIEA. LU, IZIE. BI3FA4 TDumicDINTIA—SFE>5TWW5SB, 2D

let doMath() = 2 + 4
(CIdDHboETT
let doMath () = 2 + 4

UEBTN)IMT VT _FradE. ODLOCEVET,

val doMath : unit -> int

FTNRNTONELEBIDDNRTA—=FEED . BT EWDIF. ILEZZO (LD Tl nT
HoTH. ONFTREDVTHE I EE LE Tunic - LDL. TNRTTELDET—ITY.
DECAH BEOEHBIEDICEELENWDSTEEZTO S i . DYITRFNYT. /23 (D
INTA—Z(CIE. FNIISEODELTDELTOITLETZONS. 502D, D,
]
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mitZEDELTLT. TLIeEhwET s EMTESTT. CNIF. LY RNy o TS5y
RXLY ROWLDhOEN=ZE NI T LWy I TS0 RIIIVELWI 7A4ILIZT 5k
ELFLRBLY ML UT AU TETCICLEWITT.

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)

DI—RTlR. 2Z&LICLTWASRILT S [D—h—] 59501 —RELET. 3. FNET B/
HICEIN%2DD. ThbE. OILTSHE. TENNLELESELET. Chold3ThiFnEEY
FEA. FENTSETIRARTAE5 LI OB TYT. SHiFhIE. D—h—I3f/2B(1C20
L. bEFICVYNY Y NI IV LET,

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

=513,
let nextValue, stopOnNextTick = startWorker 12

MEDEST -FO. 2Z ¢TI vY—LICE N Ave—IUhEnE . 0.
nextValue ()

DOBDIC LIl etzdtye—INEINET.

EZ5EER.
stopOnNextTick ()

d. Ave—YEL. LET.

mitldCZTRTHY. ThrLIELTOE T, 23T TICATINTORIZEIRTONENT
BV, ULIZZFOET=T A,
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3 1EsXam| TOT 7 ) r—3 3 VDI dh B F
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Examples

TN T—y 3 UDICLWEWPEZ—RZ L £9.
FAIVV—LT7TUr—yv3aveLEd.

77—y 3 oY 47 &WindowsT 7Y T—v 3 VICLET .
FsXaml NuGet/ XV 77—V & LX 7.
NBEDLDDY—2TF7ALEZZILINTHSTLET.
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">

type MainWindow () as this =
inherit MainWindowXaml ()

https://riptutorial.com/ja/home



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.

TRYTY bhSProgramfs7 74L& LE T

22D ®Mxaml? 7 4 L MBuild Action &ResourcelZ L& 7.
NET7 € ~7 YUlAutomationTypes D% LE 7.
JUNAILLTLET,

THAFELTARUMNYRSETHILERITEIEAD. FhIZE /- ICIIEVTEEA.
CDD3DDNUYRITIIRIVUDODNYRZECDESIC. TOA—RETLTL RS 0,

FsXamllCA XU BMNURSETH-00. BFOLEIDIL TN ERENEI Lz, 4 XU M
VURZIECELELDICXAMLICTEZ TN, TOMHDE T, FD. FI/A4 TDT B+ UNEF—
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N—Z4 REBHNET. I hELOLIT.
3V AVRIICTATICHET S
12F /3D THFLFICTRTOTA IVEETHIEEBOLET.

JRyxs b&SZ Yy L. FPower Tools / New Folder® L Timages& W 5D 7 AL T & LEX T

TAZRDIC. 742V %& L images? # LA ICLE T,

Visual Studiol 2 Tlmagesz?Z 'JvZ L. Add/Existing ltemZ L T. AllFiles. ==L T. 7
ADAVITFALELTTSHIENTELS.

TAA774)L%L. Build ActionZResourcelc LEX 7 .

MainWindow.xamICld. CDX D&lconE LE F. Df=HICDDBETNT L S,

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

<Canvas>

T 512, Builld’23 T <. RebuildE LEF. hid. EIL RLEOGYD . Visual StudiolZ I 7« 3
UIDTFAILETFAILICNITNWI-HTT,

TI)S—y3uTlde {94 RIT. FA4AUDNENET. (T4 RIDICTA IS
N, IZON—ICZFZDOT7AIUDNENET. YXRIIX—YU¥ EWindows 7 7A LT 2 JO—
. T4V RDTA 2 UTRELTIVS—y 3740 ET SO COT74 IV ELE
TA.

AT 7)) 75—y 3 vicT 412> %95

DDApplcon.rcE NV O>DTX XM T 74 L ELE T,

1 ICON "AppIcon.ico"

Nz S(CIE. Appleconico WODTA IVTFAIULNTI M. EhLSCETSHIEHTEL
ERP

IRV RELET.

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

CDICrcexeMDOMH 0 [E. C¥Program Filesx86¥Windows Kits P12 %rc.exem L TL 2
W, ENTHLODDEWVIE. Microsofth DWindows SDKEY T v HA—R LT f2& 0,
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ApplconresE W SD T 7 AL BENK .
Visual StudioCT. 7BV I Z hDOTJANT4&5&FX T, 77V 75—y au_R—vUELET.

V=X D74 ENDTA MLOT XX MRy 2 ZIZApplcon.res /213 € (23 %3 Images \
Applconres £ L. 7RV IV b TJANT4 &ELTLET.

[aNE)Y—T7ALDMLEBA. LTLREN, T5—Ave—vidanItAaAl &nd
Io—ArAvytb—IUhahni d.

T, D774LICTTIVr—y 3743 EN. 774LIOTO—=3I2&NnET. &,
COTAIVHBIRIIZ—VUNICEINE T,

20  fO—IL%ET 5

P UGLIRIDTFPALDIC. ZO2DO T F7ALEZOTLET.

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.openxml formats.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 ()

MyControl.xaml®EL K7 72 3> &)/ —X (LT HBH VX T,
bEASA. FA VT4 RTDELLSIC MyControl®DI[Z "this as'"& T EMH NI T,

MainWindow? 2 X ®MainWindow.xaml.fs7 7 A LICOZE LX T

let myControl = MyControl ()
NoLD2EAA VT4 RTDZADdott /I VICLET.

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

H 5P 2 ZIZDdo -section®FT B0H V. 1o TADI—RENSA U RI—REEEICITES
TL& 2.

IVMA—LIES0DEZHoNTWSDT. EZILHEOMREIZTELT.

A MBA—IUMWAAL T4 VRDDORTZ v ELEOWEDICLET. WPFEICZHZ &I, Thb
PDDEZTHWBEDT. CZTIILEIEA.

H—eRN—F A DIFTAT TS ha—IL =TT 5

CWPF7BYIO NTH—RN—TFTADIA TSI hBIVMA—ILETSHE. XAMLT 71 L
CIICDESLMHDET.

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

hNIEBZES{FsxamITIF LI EA.

THAF—ETUNAL ZREDZIFTOETH. [CXAMLE HATEEEICY—R/N—T 4 DHIDH
BIEWEESTLSEH NI T,

LOICDODESEHDE L TAHATLZE 0,

xmlns:xctk="clr-namespace:Xceed.Wpf.Toolkit;assembly=Xceed.Wpf.Toolkit"
hid. CF%53 0 hA—ILDTY.

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

ZDTENS 4T3, Extended Wpf TookitTH V. NuGetE /zld 1 VX b—=5 & LTTT
Z2¥F. NuGetToZ24 7oV ESHova—R ULz, I bA—ILIRY—ILRYIITTEIETA
D XAMLTTCT 5ETHAFICEN. JANTATANTA R UICENE T,

AUT4 UTIFsXaml TR T T T—v 3 vDICH HFWPFI—R 28
https://riptutorial.com/ja/fsharp/topic/9008/1-fsxaml CD 7 7 ) 77— 3 U DIZ & Hf-wpf I— R
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https://riptutorial.com/ja/fsharp/topic/9008/1-fsxaml%E3%81%A7%E3%81%AE%E3%82%A2%E3%83%97%E3%83%AA%E3%82%B1%E3%83%BC%E3%82%B7%E3%83%A7%E3%83%B3%E3%81%AE%E8%83%8C%E5%BE%8C%E3%81%AB%E3%81%82%E3%82%8Bf-wpf%E3%82%B3%E3%83%BC%E3%83%89

4: CI>SFAD

Examples

POCO
LS Z2DNW L DODMIFPOCOTTY .

// C#

public class Person

{
public string FirstName { get; set; }
public string LastName { get; set; }
public DateTime Birthday { get; set; }

F3.0CIE. cOA—RNTANT A EOF—bTONT o BENE L=

// E#

type Person() =
member val FirstName = "" with get, set
member val LastName = "" with get, set

member val BirthDay = System.DateTime.Today with get, set

WIFnhoA4 V25T UZ2DHTT .

// C#

var person = new Person { FirstName = "Bob", LastName = "Smith", Birthday = DateTime.Today };
// E#

let person = new Person (FirstName = "Bob", LastName = "Smith")

DESZENMTESLELIE. LO—RIZH>ELETT.

type Person = {
FirstName:string;
LastName:string;
Birthday:System.DateTime

ZLT. COLOI—RETHIENTET T

let person = { FirstName = "Bob"; LastName = "Smith"; Birthday = System.DateTime.Today }

DL I—KR &, in . Tuith Z74A—ILROYZX M ET B LEIZEDT. DLI—RICDhWTL Od—

Regd s cHTEXT.

let formal = { person with FirstName = "Robert" }

https://riptutorial.com/ja/home
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DI AU TI—ADIVNII MfcdlohIlA U TI1— 2 LEd. 1EZld C
7 31 (j: IDisposable‘g— é _ t bstéi ‘g—bs\

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();

FCA 3971—175‘?6(2 (& _Cinterface% L.

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 -> ()

T4 TCHOFNDZT https://riptutorial.com/ja/fsharp/topic/6828/c- b D f-\ D
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5 F. WPF. FsXaml. *—=2—. B&UTA T
B0 7Ry I A®T S

3

ZZTOI}. AZa—EH 4 7ETR Y P X TWindows Presentation FoundationWPF% L TF
Th77)5—y3V%352ETT. Fhid. FEWPFED RXa A bh, . HDEI V3T
VELESETEOLSLTHWET. WPETHhET S51-0ICIE. WPEICT 23 XTE-TWS
BHbdEL5TT. ZZTODIF. TTIVDOTUTL—bELTDOVUTILETR I by 778y
IV NThETHIETT.

Examples
A= N B

Visual Studio 2015P(3VS 2015 CommunityC_NE®P>TWHWSHE LEXF. vSTOI VY —IL T
AvIJ h&LEXT. AV MTANT @Y A TEWindows” 77—y 3 vICLE T,

[Z. NuGetZ L TFsXaml.Wpfe 7By T MMILE T, D/ N\vT—VId. KT Reed Copsey- Jr.
L&>TaN. FhOWPEFET A2 EHICLET. 1 VR b—LIZIZ. DLOWPETE VT b
ENBHOT. 3HVFLA. EsxamlllIZDD/ Ny T—IUHDFE Th. OD1DId. JAY T
NETESRFIVIUTLTAUTHFIURTESLSIC. V—ILDETESL2FETSBHIETL
1=,

& 52, UlAutomationTypes® & LTLET. NETRELTENIE T,
" RABR Y Y Ineg 5

BT HRLEOTRTSLIEINESTSHTLL D Program.fsPH VICI—RzTRYTS b
CLETF. SO T4V RTIXVYUNRRIIZREBT S0 2 ENTE. Zhid. @
Spirograph.fs® L TS N& 7.

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

open System.Windows.Media // for Brushes

{ {] S e e e e e e e
// This file is first in the build sequence, so types should be defined here

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

// 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)
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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.fsld 3 /XA LDDET 7 AL THBIcH. 254 TOBENTHET. EDld. T A
TATRY I ZICEINIZINTGA—BFICDNWTAAL T4 U ROX Y UNRIIZEAT ST C
ETT. 2EATZDHELLICDNLW TR OB DT TOT. CZTIIDIFEEA.

XAMLTC A 1> 4> RI%TF 5

AZa—¢EECAALA VT4 URGETEXAMLI 7ALET EHNH VDT T. MainWindow.xamlPD
XAMLI—RIEDEBVTT.

<!-- This defines the main window, with a menu and a canvas. Note that the Height
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
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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="menuAbout" />

</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>

JAURMIXAMLZ? 7ALICIRENTOIEBAD. WEEWET., ZOTEYVIIZ hOIFXRTD
XAMLZ7 Z7A LWL D@ A VR E LI L. @ODBETICHONZOI AU NZETHDT
b, B EHLTAURMDTIHF—I Y RELTWS., XAMLTIZ. RX hEN/T AU N
InItAi.

XAMLEETT AT 7Ry 7 A% T 5
spirograph/X\ 7 A —% DXAML? 7 A L@DEH VTS . Zhid. REBTZTDNTA—5D

3DODTXRXRMRYIRE. DIODIDDIVFERT VDIN—T&HFET. ZVUFKRZUIZL
TIL—T&FSHE. WPFIRENTWSEE(LFU/FT7VZELET.

<!-- 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"
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/>
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</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" Wwidth="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"
Click="okButton_Click" IsDefault="True">OK</Button>
<Button Grid.Row="4" Grid.Column="1" Name="cancelButton"
IsCancel="True">Cancel</Button>
</Grid>
</Window>

N TDialog.Box®I—RMEnE Lic. . TATZLOVDETA TRAITRY I IDA 55—
TJ7IA X2 5I—RIFI. XXX xamlfs&E DT, FH5XAMLT 7 4 L DIEIXXX.xamI T -
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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
// is 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 <- Db

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

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)
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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

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)

CZoa—RmLIg. Spirograph_fs@ZEI:Iﬁ*57/\°3}—/)773\\__0)7“4 TRATKRY I ZICEN
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TWBHbDETHIEFTTHIEIILTOWET, T5—FuoNEnECLTLREEZN, @
2DMINTA—HF T 4—IL RICENEDOET HE. TRTSLBISyvalEd. 12hbn. b

D TIo—FIzvyra LTS 0,

INGA—=H D 4—IL RIG. SUFRIUTSUST LEBEINTOWSIECE>THET. EnES

52 ENTEENETIEITT.

FATATRYIRETAT T LOTT—Y&ICTF %ICI3. System.Windows.Element.FindName
FLTHEIVMNE—ILEDIF, BIVUMA—LICXYRXPLTHD., §5FTIA—IL. &
AEODY UTLTATSLIT—54 T4 7% LET. @200 ENEEIE 55 D(F
LbNIBATLRE. 210 2T 0WEEEBATLLE. DIS—rve—VbEnILATLE. &
Z <. StackOverflowCTINET 53, { LOWNUGet NV T—VEDLT (LT /N4 VT 1 U

DhEZT{NEhHLNIEA.

MainWindow.xaml® 1— R Z73 %

namespace Spirograph

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

let myApp = app
let myModel = model

let whenLoaded _ =
0

let whenClosing _ =

O

let whenClosed _ =
0

let menuExitHandler _ =
System.Windows.MessageBox.Show ("Good-bye", "Spirograph")
myApp.Shutdown ()
0

let menuParametersHandler _ =

|> ignore

let myParametersDialog = new DialogBox (myApp, myModel, this)

myParametersDialog.Topmost <- true

let bResult = myParametersDialog.ShowDialog ()
myModel .DrawSpirograph

0

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

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

O

"Spirograph")
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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

CCTRBEVATHERA. LTI A—FIA TRATRY ORI EE. QDINFTI—IDITH

N, 207257045573 unsnEd.

App.xaml £App.xamlfsZ L TIXTZUDIT 5

<!-- 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>

ASC3—FH 07

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)

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 <-
(System.Windows.SystemParameters.PrimaryScreenWidth * 0.67)

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

AppxamlldCCTRIXRT. FA IV II2T74 DX TrALEEDT TV r—v3 )Y

—2EECTTESNET2HDTT. I U/NZH Uapp.xaml.fsld. Model & MainWindow®

EH. MainWindowP (4 X &k Zp3m2iC LT LI T .
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NETSHEEIT. xaml 7 74 ILDBUIldT7 B/NT 4 DSResourcelcINT WS EH LTS
o 20 TFINYTETBEM, exe 7 7ANICTUNRALLET. FA U TYSELTT S LR
TE=F A FsXam/N\yTr—yVE A U TV FIRIBHDIBA.

HlIxlzldENE>TOWET. EdEhOT7 T S5—yvavpeElLTInEgE >l EmTENIL.
CCIlENTOHEBLDEZ THELOEITHAIENMTESLIEE>THWET., CRTHEWST
niFncyg.

AU54 UTF. WPF. FsXaml. * Z1—. B&UYT A TATRY IR =S 55T
https://riptutorial.com/ja/fsharp/topic/9145/f--wpf-fsxaml- * Z 1—-B LY A 7TATKR Y I X & T
%
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6: ENET2 7
Examples

dotnetCLIZLCLW7BrY 2/ hZd 5

NETCLIY—IL&A X b—IL LB, AR VRELTLWIBRY IV METEXT.
dotnet new --lang f#

CNICED. AR YRSA UTATILNENE T,

Ty /7 NJ7—4oAa—

Lhw7AvI s h&d %

dotnet new -1 f#

projectjsonlC U X hENTHEN\YFT—VUEd S

dotnet restore

project.lockjson? 7 A L& ETNH VX 7.
PAEZA VN -
dotnet run

DI—RIF. ICCLTaUNALLET,

dotnet new —lf#éhf:?jz\'”/ |\7E|‘\/°Iﬁ h@(:(ét\ @bgihthi g—o

Hello World!
[11]

A 224 U TENET3 7 ZT https://riptutorial.com/ja/fsharp/topic/4404/f--net 3 7
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7: FCOWPFD
x

O MY o TR WPFT 7 ) 7—¥ 3 U TFunctional ProgrammingZ® 9 $IC D0 T L X T
. DIF. MarisKrivtess DO TWE 3., COJAaYvIIZ b ed5I320H0DF T,

ETFLIRICIEN. 3ETENE T,
2\ GjallarhornPICICTESHELSICHVE T,
2472 )TETHEY IV P@GitHub

» FSharp.ViewModule FsXaml®
e Gjallarhorn ref#f 7L

MarisKrivtezsl3 C D R 2 (2T 520Dk & W /=
e FXAMLTZ 74—y 3y .7 7A—FONBEINT O SMVVMMVC

FCNODOXAMLTY 7V T—y 32594 1L0ENLTar>3 000 Yy Mhskk
WELTWET., B77)5—y3vd. ARVURNETHE2a—EA R MBDE 2
— %535 ¢EILEBEERLTHET. INTOTTVr—v3vavyold. 4Ry
RDT74LZYUTE BELUETILOICE>TEIN, Tl Ea—IC/N1 U REN
LhEa—FETFLENnIE 7.

e EXAML -D hEY I TENIZA <2 bMVVM

Examples

FSharp.ViewModule

FTEFIVIIZzarR—RTcahTcnEd., ZA7EFLIILI—RTT., RAT7R—RA4RY
NMIazZx 254 TJIZEnhTtni 9.

namespace Score.Model

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

ARVRE)YZ UL, FRICLTE2—ETLET S EICE 2T, NI T. 0OOPDSL S
(. BTFLAZATICHAUN—ETELDIC. SNERIMNTEOEY2—LELTT.

[<CompilationRepresentation (CompilationRepresentationFlags.ModuleSuffix)>]
module Score =
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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

7‘:5036 1_:E7_:)|/ 7!7\".)Event\/iewModelBase<'a>5§ @ N EventStreamg ’( 7®IObservable<'a> o ':0)

~ Lj—C('\’( ~k ‘;ScoringEventScoringEvent °

a1 FD—?‘J\ 7&?4&) F%Li -§—o %O)Score -> ScoringEvent -> Score‘;\ 1Ay |\b§'§'é
FFIC. ETLOOMNLNICENS L LTOET. Ea—ETILRESTRHDERADN.
CNICEKDIBEDETILIREEETY.

eventHandler‘J N 6 a1—o id_’ '§' é - t id_’ LJ i g—o EventViewModelBase<'a> 7!7\ 6 L ~  EventValueCommand
t EventValueCommandCheckedid_' LJ T ’( &\J |\ (: Y Y |< id-’ -§— 6 _ t b\‘.?%i g—o

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 (IncA)

member this.DecA = this.Factory.EventValueCommandChecked (DecA, (fun _ —-> this.Score.ScoreA
> 0), [ <@@ this.Score @@> 1)

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

member this.DecB = this.Factory.EventValueCommandChecked (DecB, (fun _ —-> this.Score.ScoreB
> 0), [ <@@ this.Score @@> 1)

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

member .Score = score.Value

I—RENA U RT7A* xamlfslF T RXTHREL EHDNT W \painviewmodel « 2F D
controller beainVieWModeHC é ?’L_C b YMainViewModel o

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

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

CompositionRoot‘J\ XAML7 74 LTSNS y/N~—&LT LE 9.

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

BWPFDL SIZ. BIXAMLZ7 74 L2 LAXNT . TAYITY bEGIHUILT DI S ENTEL T

o

Gjallarhorn

Gjallarhorn 74 7 4 U a7 /)7 A 7(; IObservable<'a> 'u Th 67: OR ‘iEventStreamE a—
FSharp.ViEWMOdU|e®®EventStream7° B/NT 4 %2_ T B by CEventStream o :E7__°}|/ DODIF. DD
TT. Tl ARVNOLIDICAYyEe—VENWSELET,

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

GjallarhornTUIZ T 51O, T—F A T4 VT &Y R—bT 505X 23 5DTI3E L.
component € [FNBE & Lcomponent « €NODI VX M TV FTIE. DsourceldBinaingsource
Gjallarhorn.BindableTENT WA TH V. TTLELE21—IX¥ YT L. Ea—hoDI XU b%E
Ayte—IICLE T,

namespace ScorelLogic.Model

open Gjallarhorn
open Gjallarhorn.Bindable

module Program =

// Create binding for entire application.
let scoreComponent source (model : ISignal<Score>) =
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// 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

DlF. 22MIX Y RbCanExecuteZIC LT W & W ST FSharp.ViewModule/X—Y 3 > &

dEVEd. . 77V 5—v3vneELET.

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
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.

https://riptutorial.com/ja/lhome
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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

Mainwindowg A JET7T)Vr—yvavelT. ThHYy T ora—=LE T,

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

CNIE. I730ThEEEDLLDOTT. (DWW TIF. Reed Copsey® & LTLIEE b,

o)z 2YY)—JovzsbhTld. 2o77a—FICd ohOohHnE 7.

e EFILECEA—FTFILDOARSLILZYIVICTIE—L. TENbEL. DOTETFTILET

FTEML. FERICLET.
e AL YIVDII. BETILELEDL. ThNE T,
e L3, 20D EBTOVIVMILODTEIN., OFT 5.

A UZ4 U TECTDOWPE®D %Z T https://riptutorial.com/ja/fsharp/topic/8758/f- T Pwpfd
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8 ElCBITATH AL NT—2D

Examples
FCOT—S Tm 7537
ERTTIVT—y3 00BN IT. 7Y AT 72 U7RTHRPT T,

EBNELTHSELEILLD. CLESETEHIC. DEELT. METHEDES>HELET

YUTLEETIL

type Sex =
| Male
| Female

type Customer =

{

Name : string
Born : System.DateTime
Sex : Sex

. UM FT—TLELT. BUIXMDEDICHT S, (IETELHEHELSICLET.

// If any row in this list matches the Customer, the customer isn't eligible for the car
insurance.

let exclusionList

let _ _ = true
let olderThan Xy =x <y
let youngerThan x y = x > y
[l
// Description Age Sex
"Not allowed for senior citizens" , olderThan 65 , __
"Not allowed for children" , youngerThan 16 , _
"Not allowed for young males" , youngerThan 25 , (=) Male

I

DA TERTIT)r—y3vmzHn. YR MNITIEHDIIHLPT T,

. UZrELTEHE2DDONNT Y MITHELET. TEINI-TT.

// 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
[]*(string*Customer) [] =

let potential = ResizeArray<_> 16 // ResizeArray is an alias for
System.Collections.Generic.List

let denied = ResizeArray<_> 16
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for ¢ in cs do

let age today.Year - c.Born.Year

let sex = c.Sex

match exclusionList |> Array.tryFind (fun

sex) with

| Some (description, _, _) -> denied.Add
| None -> potential.Add c

potential.ToArray (), denied.ToArray ()

FEHTHLLEHIZ, WEDDDEL. TEOTOTHENE>NhZETHILL D,

let customers =

(=,

(description,

let ¢ n s ymd: Customer = { Name = n; Born
[
// Name Sex Born

c "Clint Eastwood Jr." Male 1930 05
c "Bill Gates" Male 1955 10
c "Melina Gates" Female 1964 08
c "Justin Drew Bieber" Male 1994 03
c "Sophie Turner" Female 1996 02
c "Isaac Hempstead Wright" Male 1999 04

I

[<EntryPoint>]
let main argv =

let potential, denied = splitCustomers

printfn "Potential Customers (%d)\n%A" potential.Length potential

printfn "Denied Customers (%d)\n%A"
0

hni3LEd

Potential Customers (3)

[| {Name = "Bill Gates";
Born = 1955-10-28 00:00:00;
Sex = Male;}; {Name = "Melina Gates";

(System.DateTime

denied.Length

Born = 1964-08-15 00:00:00

Sex = Female;}; {Name

Female; } | ]

Born =
Sex =
Denied Customers (3)
[| ("Not allowed for senior citizens", {Name
Born
Sex =

("Not allowed for young males", {Name

Born =
Sex = Male; });
("Not allowed for children", {Name = "Isaac Hempstead Wright";

Born = 1999-04-09 00:00:00;

r

"Clint Eastwood Jr.";
1930-05-31 00:00:00;
Male; });
"Justin Drew Bieber";
1994-03-01 00:00:00;

Sex = Male; }) |1

System.DateTime

31
28
15
01
21
09

"Sophie Turner";
1996-02-21 00:00:00;

-> testAge age

FU24 UTRICBIT ST A NT—2 D% hitps:/iriptutorial.com/ja/fsharp/topic/3925/f-12 &

(F5TH A INT—2D

https://riptutorial.com/ja/home

32


https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85
https://riptutorial.com/ja/fsharp/topic/3925/f-%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B%E3%83%87%E3%82%B6%E3%82%A4%E3%83%B3%E3%83%91%E3%82%BF%E3%83%BC%E3%83%B3%E3%81%AE%E5%AE%9F%E8%A3%85

9 ENT +—Y RO NET T =T

Examples

LDHDT—ILD
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List tryFind% L/t:('\ & L/i 3—0 F#bs‘return% -U-/—i_\_ b L/_C Wl tryFindd)ck 2(Z < < L/ck >

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

N3 TIILETA. Y tail-recursionE > THE LE T

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

F#:] INA 37)57357_‘—JL_C‘55‘7@C t %j_ét N %&whilefloop(: %2_ é@?\ %_)L‘JF#én
while—-loop ° ILSpy%j— % t N loop?:nbYT‘JE % Z t bibb\ ‘Qloop o

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

return null;

BOTERICHT-erhs ST L0 iFIE. ShiIchL—TTF.
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let sum vs =
let mutable s = LanguagePrimitives.GenericZero
for v in vs do
s <- s + v
s

IL—"TJ #tail-recursion|CEFT & FIFBEMTEL T

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

loop LanguagePrimitives.GenericZero vs
DB, ppdAUINA ZIIINEET Bunite-100p LE T
INT A—X IXD%Z L TT 5
CDEHEICOWTDONTOE TN, T4 TTI>ITNTOTTY

INDF—R U2 '2TH5ODIL—ILIT. (CHEWIETT. (Ihhkl-ma L. LTfEE 0,

XY UA—Red50TIEEODOT. JUNA ZEJTHN TR S LERV U I—RICTHET S
ZEIILWTT., FDLEH. ELTINENTF—UZDOHN. OJOTS LIS N —
IN—~Y RIENThEnWl EET N T,

. ILspyRESBEY—LELTITIFALE)NN—RI VYT )T H5E20(CAETOL
ATT. JTerld. DXV I—RDBLENTHSH5 2T HETEICTS. LML« 11-code
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S TILILED
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FF. OETE-ODEENCOMLET.

// 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 =
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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

cineMLTTFTIYVIVETSHE. EHTLHOICI)TINETERHDET.
(. 1. 2T RXTDETEENCDODNMLET.

// 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

|> Seq.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

// 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
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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

FLEALBINET oA VI VA URETEDIDELD. WNITF—X UL HVE T,
59 5(1C13. ochTnE T,

let testRun (path : string) =
use testResult = new System.IO.StreamWriter (path)
let write (1 : string) = testResult.Writeline 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
// depending on the input size. This can affect cache locality

let outers = [| 1000; 10000; 100000 |]

for outer in outers do

let inner = total / outer

// multiplier is used to increase resolution of certain tests that are significantly
// faster than the slower ones

let testCases =

L

// Name of test multiplier action
"List" , 1 , accumulateUsingList
"Seq" ;A , accumulateUsingSeqg
"for-expression" , 100 , accumulateUsingFor
"foreach-expression" , 100 , accunmulateUsingForEach
"foreach-expression over List" ;A4 , accumulateUsingForEachOverList
"foreach-expression increment of 2" , 1 , accumulateUsingForEachStep2
"foreach-expression over 64 bit" ;A4 , accumulateUsingForEach64
"reverse for-expression" , 100 , accunmulateUsingReverseFor
"reverse tail-recursion" , 100 ,

accumulateUsingReverseTailRecursion
[']
for name, multiplier, a in testCases do
System.GC.Collect (2, System.GCCollectionMode.Forced, true)
let cc g = System.GC.CollectionCount g

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

// Collect collection counters before test run
let pccO, pccl, pcc2 = cc 0, cc 1, cc 2
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let ms, result time (outer*multiplier) (fun () —-> a inner)

(float ms / float multiplier)

let ms

// Collect collection counters after test run

let accO, accl, acc2 = cc 0, cc 1, cc 2
let cc0, ccl, cc2 = accO0 - pccO, accl - pccl, accl - pccl
printfn " ... took: %f ms, GC collection count %d,%d,%d and produced %A" ms ccO ccl cc2

result

writef "%s\t%d\t%d\t%d\t%d\t%d\t%d\t%f\t%d" name total outer inner ccO0 ccl cc2 ms result

NET452x64TLTWSEEDT I K
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// Accumulates all integers 1..n using 'List'
let accumulateUsingList n =

List.init (n + 1) id

|> List.sum
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Seq

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

Seqg.init (n + 1) id

|> Seqg.sum

seq/N\—YV A UIE1i D THEOLDT. Thldforl—T LD H2700 ENDDIIREZETY . &
512, geheeixe Lzl &b DE .

seqld . ABIZDOMICHENID. 200%FT S, TT.
3L TseqlLENWZ ETT. RAUKNITHIETT,

manofstick seq.init « CPENTF—IUZDDTHY . £F %3 B hefficent® . (0 .. n )
DB Dseq.init (n+1) 1aNUIFTZIFENICICHESBTHAS. —OprY—yvEanT))—x &
NTH. Dseq.init ... |> seqounlIELELHEDEFTH. ©RCIF . seq.init ... |> seq.map id

| > Seq_sum(i(:f‘g—bf\ Ch(sts(eq,initd)t@i&‘d’ét&b?\ Current(:?é@?[;&<\ Lazyzl’

TVIORTIYTLET. ZOPR. NOEMOLINIIEL>ELILATETT . T CITh
SlcEEC tESeqPONB LRI LI HVEEA. TN, FY—bETHDONNTL
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') A b Dforeach-expression

// 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
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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, @))) g
for (FSharpList<int> tailOrNull = fSharpList.TailOrNull; tailOrNull != null; tailOrNull =
fSharpList.TailOrNull)
{
int i = fSharpList.HeadOrDefault;
sum += 1i;
fSharpList = tailOrNull;

}

return sum;

accumulateUsingForEach‘i&while)b_j t L/ T 3 ihi g—byfor i in [1..n] ‘i @ck 5 (: é hi '§'

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

:h‘ii‘giSeq%l..nL\ (:1..n%UL/ToList o
=,
foreach-expression® 1> 7 ) A2 k2

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

sum

HES5INHD2DDODNWIITT D, INTHF—T U X DIFTF 25x

H rspy LELL D

public static int accumulateUsingForEachStep2 (int n)
{
int sum = 0;
IEnumerable<int> enumerable = Operators.OperatorIntrinsics.RangeInt32 (1, 2, n);
foreach (int 1 in enumerable)
{
sum += 1i;
}

return sum;

Seq‘jl..Z..n?é h\ (:% L/_CSeq% Li ?’o
EBlEmhnLSEbnE5 5L T0HE L.

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

return sum;

1; 1 < n; 1 += 2)

LU 43 NA SR ALLTFA VD) AU MT Bint32D Thforl—T & R—bLET. £
h@‘i ~ Operators.OperatorIntrinsics.RangeInt32(: @ i g—o D < /\‘\% E’ L/i '§'

64t v b & 2 Sforeach-expression

// 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

CNI3forll—T K D47 NI ITH. D4 Y bEFT S ETT . 115py[dfcBICDE LK
El

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;

reld . e DIEODRfork—T DHEYR—F LIS Jhld. TFr—iL/Xvo
Operators.OperatorIntrinsics.RangeInto64 75’ j— 6 b\“&) @ i j—o
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let seqgTest n =
Seqg.init (n + 1) id

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

|> Seq.sum
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F4.0 - .NET 4.6.1 - x64
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Performance for F#4.0 - .NET .
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module PushStream =
'T —> bool
Receiver<'T> —-> unit

type Receiver<'T>

type Stream<'T>

let inline filter (f : 'T -> bool) (s : Stream<'T>) : Stream<'T> =
fun r —> s (fun v —> if 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 1 = if i <= e && r i then loop (i + 1)

loop b
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

<

member x .HasValue hasValue

override x.ToString ()
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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 ()

let pop () =
let mv = 1 ()

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 =
let i = 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
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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
let b

ee 0, ce 1, ce 2

= 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 = 0L)
|> 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()

let listTest n =
List.init (n + 1) id
|> List.map into64
|> List.filter (fun v -> v % 2L = 0L)
|> List.map ((+) 1L)
|> List.sum

#if USE_NESSOS
let nessosTest n =

Stream.initInfinite id
|> Stream.take (n + 1)
| > Stream.map int64
|> Stream.filter (fun v -=> v % 2L = 0L)
| > Stream.map ((+) 1L)
| > Stream.sum
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#endif

let pullTest n =
PullStream.range 0 n

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

|> PullStream.sum

let pushTest n =
PushStream.range 0 n

|> PushStream.map int64
|> PushStream.filter (fun v —> v % 2L = 0L)
|> PushStream.map ((+) 1L)

|> PushStream.sum

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

|> Seqg.map into64
|> Seqg.filter (fun v -> v % 2L = 0L)
|> Seqg.map ((+) 1L)

|> Seq.sum

let perfTest (path : string) =
let testCases =

Ll

"array" , arrayTest
"imperative" , imperativeTest
"ling" , lingTest
"list" , listTest
"seq" , seqTest
#if USE_NESSOS
"nessos" , nessosTest
#endif
"pull" , pullTest
"push" , pushTest
']
use out = new System.IO.StreamWriter (path)
let write (msg : string) = out.WriteLine msg
let writef fmt = 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

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

FUTA UTENIF—R AP U NET OO ED
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Examples

T TT 4 TN —y

FOTFATNNT—IF. T—IMNB0OH22HTTVELT. maeanXAT—RMA Y RNTENODS
TOVETELLEA TOINYI—URYFUTTY,

. XR3ERELTTSTIT 4 INI—UBT 501G

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

N3, Xy—urvyFurTTELS.

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

INT I BT I T 4 T T—
TOT A TlRNT—UI3ETT.

DL, OINTA—FHFT B EMTEETT

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

g, COTTSNTIT—UTTEET.

let isXMLFile uri =
match uri with
| HasExtension ".xml" _ -> true
| _ —> false

TIT 4TI —Z% LT DLV TEET
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s COWL . T L ADActive PatternsP W [d. ODOEICTESENWSI ETYT.

DESBEZTHELL D,

// val f : string option —-> string option —-> string
let £
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 ()

CAYYRIZO—RELT. LW ERFLET. 70974 7ENI—VUBTSHE. CNEL
TOTA VT bhETE=L T,

OdI—RIEOI—KRELTT

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 ()
fEGDA—F—[CEDT. 22DEBNN—VIVICWRIHDEERA.

printfn "$A" <| f (Some "Test") None // Prints "Test There"

printfn "$A" <| g "Test" // Prints "Test"
printfn "$A" <| g null // Will throw

Active Patterns?S/N 7 #—<X UXF—/IX—~y REFT ENESMMENE T, TD. 1150yF DT
fEGEIUNALLTHEILEL D

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

return Operators.DefaultArg<string>(_arg2, "Hello") + " " +
Operators.DefaultArg<string>(_argl, "There");
}

public static string g<a>(a _argl) where a : class
{

if (_argl != null)

{

a a = _argl;
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return a.ToString();

}

throw new NullReferenceException () ;

inlineDPIBMITT. Active Patternsl3 DD ENTEF—/N—~y RE LI EFA.

NETAPI 7 V' \—&ELTDT VT 4 T —Y

Active Patterns® 3 & . NETAPIEELS DICPT CEMTELT. 2. NTA—HFELTDOOD

ETLOBLDETHIENTELT.
j-:tz(i\ N System.Int32.TryParsej‘ Y F%U)Cj: 5(:UL/$ 3’0

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

INF—URYFUTELTINE LTSI ENTELT

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

j-:j—\f L\ System,Int?,z,TryParse%5\‘/703— 60)707__’{ 7“/\&9_)%?%: t%?%i 3'0

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

NT. DIEDICEDE L.

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

Active PatternsCT >V 7&n%5H 51200 3. APITT.

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"
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BXUOT 7T 4 T —Y
TOTATNT—2llld. sl ET ook,

BTOTATNG—Uld. [hshh ] EEpaRToETESLECTELT,

let (|]Odd|Even|) number =
if number $ 2 = 0
then Even
else 0Odd

TOTATINI—2ILId. ODHBET—IEFNOLOONYZ bEINTED. IYZMEINTH
55—2MD12% LEXTF. TTHSHE. ChnidTd.

let n = 13

match n with

| Odd —-> printf "%i is odd" n

| Even —> printf "%i is even" n

N3, AXR—XEICHAN—F50OhTT)ICLIEWICTT.

CTOTATINT—UlE . oprionT CEILE DT BEIC Loprions DDIF. DEVIC HELE
R

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

CDEDICLT. C&oTcl3TERWT—XHHNE T,

let s = "13"

match s with

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

IN—YUNLTITATNT—Uld. BOFTVIaVELTIR—XODATIVIZEME SN
hhbod . TR hOELTTELT.

FTA4 UTT T 4 TI/NT—2%E https:/iriptutorial.com/jalfsharp/itopic/962/ 7 2 T 4 T 7x/X
5y—
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11: T 7> 3>D

Examples

7 aroa

Option‘d\ Nonei 7—\: 'isome 230)7_2?3 nfC:L:Z!_ \JTj—o

type Option<'T> = Some of 'T | None

NULLIC L COption <T>Z 9 %
& DB TSI UTTIE. BICTERIANLEIR I Nuir -
CDcyI—REZTHI L&D

string x
int 1

SomeFunction () ;

x.Length;

xbs‘null(ix.LengthbS~Z D_é hnull% L/i L/A: :)

string x = SomeFunction ();

int 1l = x != null ? x.Length : 0O;
Sl

string x = SomeFunction () 2?2 "";

int 1 = x.Length;
Sl

string x = SomeFunction ();

int 1 = x?.Length;

el @ENEODOT. I—REOESICEDET.

let x
let 1

SomeFunction ()

x.Length
2L, OELRBEEINHEIENHVET. ENDD. oprionc > D CENTEXT
let SomeFunction () : string option = ...

SomeFunction‘at ~ Some stringg': j—: ‘iNone Lg': ‘d—o /\09_\/7 v 9: \Jﬁtd-' A Tstringt&‘a— é
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let v =
match SomeFunction () with
| Some x -> x.Length
| None > 0

COI—RhBn&L TR OIG

string x
int 1

SomeFunction ();

x.Length;

string option Length%U?k—— t 73\“(‘?-372: (1\7?\’5_03'0 /\Dg_\JQ Y 9: \Jy% L'Cstringi&? z\)bf&)
NET. €295 ET. stringBSICTESZ ENETNT T,

FTT7L 32— T T I T

IS5—I3TTHN. GFLITVILEIEBENHVET. T 57200 gepld. T—FILH
URTICT BLHIlENE T,

BeZTHELL D

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 O

| Some v -> v |> float |> Some // Maps int to float

£~ ‘a—éstring j—%'; 2E’Some (:int ° inthOCk @%L\(J\ floath)VZ |\ LE j_o %n@‘i\ I_
None J ?‘3—60

12720, R NI N cnacanSICETIE. DSICLE T,
ropl 3 T AT S LT2ONIMH B 5 LTI T

1. NYE—NZALE Tsone &
2. T7—/NZ-DFXNTD/NZIF LI O iyone

IS5—N\NRIFIZTBzH. —REECHHVI T, NyE—EZ/NXXI—RKMBHIZZ HI— RN
2THHE_EEALTT.

rpEDIEDg . DEDITEDET.

let g (v : string option) : float option =
v

|> Option.bind tryParse // Parses string to int
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|> Option.filter ((<) 0) // Checks that int is greater than 0
|> Option.map float // Maps int to float

 CUXRRY—T Rz 5L THET,

DM BIEMNTE Doptiona >PE DB 1ista-PHENTOTHE O oE/21@1Doption.vina b
ck 5 (C LList.pick Option.bindck U AN NS $Z 7°%List.collectb§\ List.pick&éb\% L/hi ﬂ-A/ L/
S HAR

pind « filter « PEUnapld TT7—NXE L. Jl3NVE—NX-OI—RDHELI T,
(TS T X T Doption< >E T optionc >EDTT |5E>s o

LIcDSoTrepld & &SR E T

COFT T ary947%F 5%

OptionECI—RICTFBDIFWZTRHVEBACICRENOET HENEONDOTT. ATV 3
\J‘J\ C7IZI~‘)IO |\0)t L?FsharpCore%jéjﬁcto)(:én?(f\&c\ Fi’( 75')%[1?('\6
(:7;('??\ Ej—\: ‘E’:None%null(: L/null °

Pre-F4.0

Ne>53. HLEIcDeETHETY

let OptionToObject opt =
match opt with
| Some x —-> x
| None -> null

@‘Et N /—I_:O ‘\/ yy)psystem.Nullable%g— ébf% D i j—o

let OptionToNullable x =
match x with
| Some i —-> System.Nullable i
| None —> System.Nullable ()

F4.0

F4.0TId. optionEY A—IIZEN/o0robs « toobs « ofNullable « Bk Lronullaple NI N T 0
9. FA U0 T47TII. DELAOICTELT.

let 11 = [ Some 1 ; None ; Some 2]
let 12 = 11 |> List.map Option.toNullable;;
// val 11 : int option list = [Some 1; null; Some 2]
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// val 12 : System.Nullable<int> list = [1; null; 2]

let 13 = 12 |> List.map Option.ofNullable;;
// val 13 : int option list = [Some 1; null; Some 2]

// Equality
11 = 12 // fails to compile: different types
11 = 13 // true

NonelCnui1 A UNALEINBEZ EICLTLREEZ L, LML, FICTFSED. ENldwoneTT

let 1A = [Some "a"; None; Some "b"]
let 1B = 1A |> List.map Option.toObj

// val 1A : string option list = [Some "a"; null; Some "b"]
// val 1B : string list = ["a"; null; "b"]

let 1C = 1B |> List.map Option.ofObj
// val 1C : string option list = [Some "a"; null; Some "b"]

// Equality
1A = 1B // fails to compile: different types
1A = 1C // true

B o4 UTHETYIUD=ZT https:/iriptutorial.com/ja/fsharp/topic/3175/4 7 3 VD
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12- 75 7

Examples
75 2D

// 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

L2 25 D

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

A 24 TP 2 X &L https:/iriptutorial.com/ja/fsharp/topic/3003/2 2 X
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13: > —T X

Examples
=T U TT 5
V— U BT BHICIIORHNET.

SeqEVa1—LDETHIENTELT

// Create an empty generic sequence
let emptySeqg = Seqg.empty

// Create an empty int sequence
let emptyIntSeq = Seqg.empty<int>

// Create a sequence with one element
let singletonSeq = Seqg.singleton 10

// Create a sequence of n elements with the specified init function
let initSeqg = Seqg.init 10 (fun c -> c * 2)

// Combine two sequence to create a new one
let combinedSeq = emptySeq |> Seq.append singletonSeq

// Create an infinite sequence using unfold with generator based on state
let naturals = Seq.unfold (fun state -> Some (state, state + 1)) O

VU2 ETSHEHTEST.

// Create a sequence with element from 0 to 10
let intSeq = segq { 0..10 }

// Create a sequence with an increment of 5 from 0 to 50
let intIncrementSeq = seqg{ 0..5..50 }

// Create a sequence of strings, yield allow to define each element of the sequence
let stringSeqg = seq {

yield "Hello"

yield "World"

// Create a sequence from multiple sequence, yield! allow to flatten sequences
let flattenSeqg = seqg {

yield! seqg { 0..10 }

yield! seq { 11..20 }

=T URXD

YV—TURER. TEBDTT. Zhldsystem.Collections.Generic.IEnumerable & lazy® T+ Y

T2TY., UAA4TOOELITOIEIFATVIIN, IHICIEDV—4TUZITHTYT.
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Seq.module®!d. Seq.modulez 3 5/=HICTEE T,

V—TTUZDEEIZLE T,

let mySeq = { 0..20 } // Create a sequence of int from 0 to 20
mySeq
|> Seg.iter (printf "%i ") // Enumerate each element of the sequence and print it

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; ...]
SeqmapZ LTY—T UXDINTDILET S
Seq filter

DBHY . PREFeTYy—T R ELE0ELET. 3. SeqEY 21— L Dri1te: 2 LTTEXT
o filterli ‘\/0&:9:)7 ('a —> bool) -> seg<'a> -> seg<'a> o Ch(st?'f 7@3 Z’If: (:trueif:(&r
false® 9 ¥ EIINBEITNE 5T . ET9ATOEL . ODUY—T VR4,

// 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 = Seq.unfold (fun state -> Some (state, state + 1)) O

// Can be used to filter the naturals sequence to get only the even numbers
let evens = Seqg.filter isEven naturals

let data = [1; 2; 3; 4; 5;]
let repeating = seqg {while true do yield! data}

DLY—7TURIE. seq ELTTEET

F T4 U TY—T U X =T https://riptutorial.com/ja/fsharp/topic/2354/>—7T 2 X
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Examples

&

V=T U T—DU THA—TI3. yiewdl&L 2T, NBV—T U RIIOMENEST. T+ ROT
E. ZNIFreturn T .

> seq { yield 1; yield 2; yield 3 }
val it: seg<int> = seq [1; 2; 3]

> let homogenousTup2ToSeq (a, b) = seqg { yield a; yield b }
> tup2Seq ("foo", "bar")

val homogenousTup2ToSeq: 'a * 'a —-> seg<'a>

val it: seqg<string> = seq ["foo"; "bar"]

yield MA—IL RXV 3. TOV—T URICODYV—T I ZDPIRTOELIT. 2F 0. v—7

U2 LET. BEFREDOTIE. pingE T

> 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']

V—HURT— 7A—Il& o TENIY— UIHLTWBLD. v—T UIDIRICICE BE

TENIEA. TATLEIZWEDDDIZ. Tseq.take NDDONDT A TLE DD, seq.iter &

T5-ODICET S, Tloldseqg.ronist JAMIELET . ChELEHEDESE. jicaldED

vield! ICEH B,

> 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 =
if Seqg.isEmpty seqgl then Seqg.empty
else seq { yield f (Seg.head seqgl); yield! map f (Seqg.tail seqgl) }
> map (fun x -> x * x) [1..10]
val map: ('a —-> 'b) -> seg<'a> -> 'b
val it: seg<int> = seq [1l; 4; 9; 16; 25; 36; 49; 64; 81; 100]

Ic& 57
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> 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 = seqg { 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 Seqg.map: applies a mapping function to each item in a sequence to build a new
sequence

> let map mapping seql = seq { for x in seqgl do yield mapping x }

> map (fun x —> x * x) [1..10]

val map: ('a —-> 'b) —-> seqg<'a> -> seg<'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> —-> seg<'a>
val evenNaturals: seg<int> = seq [2; 4; 6; ...]

// Just like Seqg.concat: concatenates a collection of sequences together
> let concat seqgSeq = seq { for seq in seqgSeq do yield! seq }

> concat [[1;2;3];[10;20;30]]

val concat: seg<#seg<'b>> -> seqg<'b>

val it: seg<int> = seq [1l; 2; 3; 10; 20; 30]

X274 UTY—r X T—2 7 A—%T hitps://riptutorial.com/ja/fsharp/topic/2785/3—T > X
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let rev list =

let rec loop acc = function

[ [ -> acc

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

ZOI—RTIF. DICD2WTIRHLTOHWEEA. JUNA FXCEIFA VIS0 T4 T3 2D
DYTRFOD T 155t > 1 1istCERLE T, IEFNDBOENWIIRYYITHEIEEZ
9. oo DI ENEIELHVET. ChIIETL—IRLTEDT. 13TIEH
DNERBA. int 1i5eF 0B string 1:st BT CEMTE. EBITL. FENTNine 1istE /o3 string

list L/i -g_o

/=& Z I3 FinteractiveTld. oL SICEVE T,

> 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"]

VZAKNZDICITIE Y TT 54

let map £ list =

let rec loop acc = function

| [ -> List.rev acc

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

CODVITRFNIE 2 > by > 'a list > b 1ist CHOD. BHEHOTT. ThFLIEIITE
FRBAEOWDSLTHEIEDD . TNIEE . BDI3ESHZERICLET. CZTIE. 2&EF
TEBH  ANDNTA—=TTHD. 54 THATLEITNIEOE O e\ TA—=5%, CDIIE
J2TIH. (LI3DDHDEFT. Lk neE., TJUNAILIS—NLET.

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

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'
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Examples
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// 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 = seqg { 0..10 }
// Aliases

type MyAlias = string

 .NETD

> #H&int. bool. string- ...
VIR BELUAM VT T IR

o]

¥ AT
DATOETHE. OFATICTA)VT7R=2LT

// Name is an alias for a string
type Name = string

KO OHBEZBHIENTERT.
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// PhoneNumber is an alias for a string
type PhoneNumber = string

. DIATEITA Y PR ETETT.

// 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";}

LTcdf2adn, T4 72130 F v LEBA. DXV, UHYATEY— vy bET 20D

IAYTFRENWCINTHIENTELT.

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";}

Y4 7IIFT3aIN. type ¥ —"T— Rzl £7

s ClE. typeX—T—RELTESDELET.

1. 9474 YF R
2. &NfcAZ A AT
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6. D
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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

/A

// public StructType (int id)

// {

// Id = id;

// }

//

// public int Id { get; private set; }
// 0}

type StructType (id : int) =
struct // In order create a struct type, can also use [<Struct>] attribute
member x.Id = id
end

)= N 1)
LTI

. JUNA IEDODBENTHSEDN., ECTECRTEIENTESAN_ILTT. TD
P A ZZ LML THindley-Milner] £7213 THM] &l@NB 7L TV LICTOTHET. LDk
FTEHLODOON DO EICLET.

DFoiLeT {20
POETEHEHDETLZEN
DlreETL2E 0

ElICuhmn. vIxYyollicankd

VT oLz TSIV

JUNAZIE. VT ILEXNTET S ENTEIXT. UTIUMintT. "x"&eF 52, "x"bint
ThIFNIEIE DI BA. LI L. UTIADBTHY. "w&EIZT S, WwHTHEITNILEDIEA

o

Tl >hnELE T,

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
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let inferChar x = x + 'a' // a char
let inferString x = x + "my string"

XN TEDETLZI W

DT 2IMETITHEN. JUNAS ZRENONT E2RDETHEICEL>TEISELIET.

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 vy = x //deduce that y is also an int

DL XZEETLESW

TIfrlamMEanctnsd, JuNAI3FENOE5 LT T,

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

DEZA. o kiznlE. JNA 213594 TH5IZT H1EFTT .

let inferGeneric x = x
let inferIndirectGeneric x = inferGeneric x
let inferIndirectGenericAgain x = (inferIndirectGeneric x).ToString()

THoTWABIENHLEILD

FTIIHVECA. ¢ JUNATIEIEITRNEDLEONODDEDDESTHIEA. DLT TH. b
ETWHEOMETHEIF. JUNA Z2dDTIIEL. DT HDICEXT. Y4 TIT7—D
TOWD>h&EICLIET.
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2
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let square2 x = square X // fails: square not defined
let square x = x * x
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let square x = x * x
let square2 x = square x // square already defined earlier
E QSR

1o, WICLEFNEESEWEREITLET. 20 RZDIEIDIHIDTIEA. TJUNA S
I H-HOICOX—TD—RETENHVET.

MIAUNAILEINTWSBEEF. ITTEIBA. LEED>T. EETSHE. T4 TT 57—
MLET. 3. DELT "rec"*x—7—REFTH5ZETT. 21T

// 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

NEITHBIEFETDOIC recfin' NI Nfc/NN—T3 U TT

let rec fib n = // LET REC rather than LET
if n <= 2 then 1
else fib (n - 1) + fib (n - 2)

bY

o AUNA ZRETHDICHES>THERA. OTIF. JU/NA4 Z—IdLength* Vv RISED
FGA4TDESPELTHERA. LBELENREBENZILTHILEHTELNDT. ThidE D,

let stringLength 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 ...

NHoODNIo>—IF. kTTEET.

let stringlength (s:string) = s.Length

F—N—a—R 3N AV YR

NETTOZ 2 AVY REUT E. F—X—O—RDLEOICTT—NTHIENKCHVE T,

DL S concatPDE S LD, DN A—Z(CIZEIFT. TUNA TBEDF—/N—A—R X
Nicry REQI M EENH NI T,

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
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new System.IO.StreamReader (x) //fails
new System.IO.StreamReader (path=x) //works

let makeStreamReader x
let makeStreamReader x

A4 T4 T %L hitps:/lriptutorial.com/ja/fsharp/topic/3559/5 4 7
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Examples
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type System.String with
member this.Duplicate times =
Array.init times (fun _ -> this)

chisld. SNTNWEDA VR IR ETB-OICTHICEINI-TTJAIICLITH. BFSHIFLC
TNE T,

DEOCVPTIEMTELT.

// F#-style call
let resultl = "Hi there!".Duplicate 3

// C#-style call
let result2 = "Hi there!".Duplicate (3)

// Both result in three "Hi there!" strings in an array

ZDIE. coAV Y REICELTNET.

LTOHFATICLWTANTA 25T 5 EHTEIT. LAV ELSE N, Aol T0O
INTAIZEDET.

type System.String with
member this.WordCount =
' // Space character
|> Array.singleton
|> fun xs —-> this.Split(xs, StringSplitOptions.RemoveEmptyEntries)
|> Array.length

let result = "This is an example".WordCount
// result is 4

DIZLWET S
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type System.String with
static member EqualsCaselInsensitive (a, b) = String.Equals(a, b,
StringComparison.OrdinalIgnoreCase)

ZOLWEOESICUPT I ENTELX T

let x = String.EqualsCaselInsensitive ("abc", "aBc")
// result is True

DR D[2A—TFT4 VT4 ]154TSVETE0EL. 605 TJICTESHZEELET.
Zhig. 7)o T0rEDEICTS. SNCOEX—V3 00T 5DICTY.

type System.String with
static member AreEqual comparer a b = System.String.Equals(a, b, comparer)

let caselInsensitiveEquals = String.AreEqual StringComparison.OrdinalIgnoreCase

let result = caselnsensitiveEquals "abc" "aBc"
// result is True

EY2—ILZ L TODEY 2—ILEBXUOY A TICLWET S
EV2A—LLELT. DEVI—LABIUPTIATICLWETEIENTELT,

namespace FSharp.Collections

module List =
let pair iteml item2 = [ iteml; item2 ]

LW, ListPO* IIN—THEDDEDIUYT I EMTEL T,

open FSharp.Collections

module Testing =
let result = List.pair "a" "b"
// result is a list containing "a" and "b"
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Examples
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Id, Name
1,"Joel"
2, "Adam"
3, "Ryan"
4,"Matt"

PRIV TN L TT—%»5_EMTEL T,

#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
WMIY A7 7a x4 5D

WMIZENRAS—%F %L BETWMIT—ER&ETEX T,

WMIZ ') D%IJSONTT 51213,

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,

printfn "%A" (JsonConvert.SerializeObject data)

d.Size]

F T4 0TH AT TAIRAL T %L https:/lriptutorial.com/jalfsharp/topic/1631/5 4 77T B4 5
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Examples
TYFTE T 3y
FTvAVETBICEG. XTI—URYFUITNTT.

let result = Some ("Hello World")

match result with

| Some (message) -> printfn message

| None -> printfn "Not feeling talkative huh?"

kAL —ENB I — YR YFUTF I Y

let x = true
match x with
| true -> printfn "x is true"

%9

C¥Program Filesx86¥Microsoft VS Code¥Untitled-12,7FS0025_ D THE /XY —2hs L
T9. 213, [11d. X—VllEoThR—dhhbnWwyr—2 54l EMTES.

N3 T—ILOIRTHhN—ENTWhWEWhWEHOTT.

boollXIC) ANTEHEZEMNTEZETH intld
ARG BHDhL

let x = 5

match x with

| 1 -> printfn "x is 1"

| 2 => printfn "x is 2"

| _ —> printfn "x is something else"
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ZCTldr 2LET. [FoIRTOEICLIET.

NhLl-ZHod52 TR S

JEWTHTATEZTHELL D

type Sobriety =
| Sober
| Tipsy
| Drunk

2813, DELSEIIZV IR by IVTECDHLNIEA

match sobriety with
| Sober —-> printfn "drive home"
| _ —=> printfn "call an uber"

DOI—REMRHDET. HLIELNTRENWE>TWSEDL. 12BI3

TZOI—RICYD 7o) TLET

type Sobriety =
Sober

Tipsy
Drunk

Unconscious

FIUNA ZIE. I2BIC%Z. 25Oy Fe) 07057 )0 00LT. 8dE5L50LFTF.
PO, IYFI>IOENMIWET., 5. AVYIIIT—RIFBHLHCKIZIE. (Tr—2FY)
2ZMTHOMNTBHILEETHEHNT T,

F—2IrsicaN. oI NET
-
DAYy bTIE. DIFLTEINIEA.

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"

B
Tl FonThEnwboTT

LW
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ST, x -1 - DBDT—RUFBh. FRIITRTTI74L hOT—2

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"

7 b
x| 4

H—RBDZETELHEIICTDHL

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"

T4 UTINT—UXyF T https:/lriptutorial.com/ja/fsharp/topic/1335// N\ T — 2 X F

h

NN
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20: 7 +—IJL R

Examples
NizlzAD . W DHD

77.]__”/ F‘d:\ 0)9—"7')1& t%(:éhé@??o B‘Jseq<'a>%'b seq<'a>é ﬁ-seq<'a>::T'b
dOTIHZTL(E .. CNELEDT. ZhEdIENTEIT.

IXCDODD=ET 5

ZDTIE. LT TT. LBIIOYZRE>TWT. FNEIXRTLTLET. VX bMDET S
(S1d11; 2; n&EET

List.fold (fun x y —> x + y) 0 [1; 2; 3] // val it : int = 6

DX R ES>TOWSDTrist TYA—I . DF Diist . fo1d fo1aZ VWX T Deorald. XA FUD7
TLYTT. 20D3TT. fo14ld. EDPTEBIVZIMDICTFILSEICTHIEILELDT. UZ
NeEVtt-AHHETET. UZ MDD, intasd NI 7.

DIFOLSITEVT T,

let add x y = 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

List. sum‘gi 7573 (:List .fold add LanguagePrimitives .GenericZero:- Z T. ﬂ*D (& NEEN %Cftf & t bf%
UE-

) AN DelemetS Z ww cm I P

ZNIFEIFEAELTTN. UZMDOODOELT. PVI1EZZLT.
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List.fold (fun x y —> x + 1) 0 [1; 2; 3] // val it : int = 3
NIDLSICTHEHTEE T

[ 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

Lf:bfjf\ d)ck 5 (:count%tséi g—o

let count xs =
XS
|> List.map (fun x -> 1)
|> List.fold (+) 0 // or List.sum

)2 R DEOITS

([ UE T rist.reduce PE DX B DT T List.coradS 435 4 THS 4 HScompairingc NTH 5T H
Hhbhhdkn. Zo0L>SnLE

let max x vy = if 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

J2ANDED S

EDFHEELELEDIC. 7FLSIIENE T

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

Y 2ANET S

CCTIRIYZMDIYZMNEDET T, DFILS I TH

// [1;2] @ [3; 4] = [1; 2; 3; 4]
let merge xs ys = xs @ ys
List.fold merge [] [[1;2;3]1; [4;5;6]1; [7;8;911 // [1;2;3;4;5;6;7;8;91

HEHNE. NAFUEDTFLSTELTSIELTEST S
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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; 31 // 6

List.fold (||) false [true; false] // true, more on this below
List.fold (&&) true [true; false] // false, more on this below

// etc...

DET L

T HLEELLATIN. TRENGZLES. OP%EE. VX by . g IXTOELET.
J—R

// 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]

forall > exists > contains L’/ f \l contains

forai1 allld. Y—T U ZDITRTOMEIITNEINEFIT VI LI T exists« J X MDEL
EH1DODELLTWBEFIVIE, TF. bt PUXMNEDIUEBZDHVTT. & T,
I2BI30NAE LTT T—ILE-EOT7FLSYICENT T,

JZRMDITRTDOD e THEIMEOIMERSB(ICIF. o FrreCELTIEIT,

List.fold (&&) true [true; true; true] // true
List.fold (&&) true [] // true, empty list —> return inital value
List.fold (&&) true [false; true] // false

(C. BNV Z PN T True THIMNEINEF I VI T HHOIC. || ELTraise®ED

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

forall V. exists®x 9o CCTI>IDHZATOIVRRNED, £#LTINTOET—ILIZL. ITFEN
&0t

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
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[1; 2; 3; 4]1%5
forall (fun n -> n < 5) [1 .. 4] // true

existsj_ccontains} \/ Y |< %exists

let contains x xs = exists (fun y -> y = x) xs
H5H0I(
let contains X Xs = exists ((=) x) Xxs

(C. YR b, .5l2ds&EnThenES>MLET.

contains 2 [1..5] // true

reverse
let reverse xs = List.fold (fun acc x -> x :: acc) [] xs
reverse [1 .. 51 // [5; 4; 3; 2; 11

&: filter

map

let map £ = List.fold (fun acc x —-> List.append acc [f x]) List.empty
// map (fun x -> x * x) [1..5] -> [1; 4; 9; 1l6; 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]

folaMTELEOBHDIIH VI I MIFIC>THE N
VARNDTRXTODZET 5

Y Z NDfloat. int. EEHODET SICIE. ListsumZd 5 EZHH LI F. List.foldl .
ZFDEOEETHDILETT.

1. D
DTl dURIEL. U MDIRTODOE LI T,
7002 LDT. System.Numerics\D%Z LEX &

(YT 1 5 System.Numerics

5950, PXa2LL—750ICLET.
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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

(3, 51)
2 AZF DD
D Z MD3OflpatX /2 l3intCcE . ChoonELI-WE LT T,

ODICLET.

type number =
| Float of float
| Int of int

DX bDZATDOET S

let list = [Float(1.3); 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

13.5
TXALL—5ETDD/INTA—5 (3floatT. VX MDEFT20D/XT *—% [EnumberTd. LH
L. §%IC. elemPIntT» B IfloatlT /N —UR U FUTEXVYI M ET HEMNHVET.
X224 T F—I R&E https:/iriptutorial.com/ja/fsharp/topic/2250/ 7 #—)L R
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Z F—ILRy O R TJB8wy Y

Mailboxprocessorld. DT AT A—YNEL T T Hpose AV Y RONYI—v 3 V& LTAYVE—
VETES. *ytt—IX21—%LET. ChoDAvtE—IlF. retrieveCscan/NU T U MNE
LTI yva—TLEWDICE>2TEN. X T. TI7FLKTIR. A ve—IDEDHR
Ly Re—27T9.

TI7FILETII. T5—IENTHIERA. XvyvFInchgosT7oeyooTiFons
ELRL. X2a—OIRTOrAve—IUhbn, ZNOrve—yldang. FyRriLikldTld
BABLET. COMA—IT5—XIIhEWIE. INTOII—ETO>NHNET.

Examples

Hello World

£ [Heloworld] ELELELD. 12094 T Ave—VEL. TY—FT4 0 T0%5d %

MailboxProcessor o

Ayt —I54TWTE., FNIITELTOIEAD., S —_F g, EIRTOT—2 %
IMICYR ML, FNOETHICICNI—URYFUTETESH. DTT.

// In this example there is only a single case, it could technically be just a string
type GreeterMessage = SayHelloTo of string

(:\ 70[' 1d v -|j- % Li a—o :h‘i\ MailboxProcessor<'message>.Start>L Y v F % L—Ca— 6 - t bf
TEET., VRIS 52FHEHTEXIW. TTREYYETHEDHVET,

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.
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 ())

startD/NT A —H (3. MailboxprocessorND Eyailboxprocessor 9 DMailboxprocessor €9 KIS LT
WD, MENBEICEDTT. ChIZED. X ITE Breceive and scan P VY RICT 72 R
LT A—LRYIZIDOEDA Yy —VICTIOCIRTEXT. CODTIE. ks>l emTeEE
FTH. DI A VvEe—VEI1DT DEATENETNEUL LICL—TTYT.
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ALY EADNTETOI TN HLIBALSLTT S AV E—VETEHVES. Ch
[post 2 VY RONYI—v3vThnEd. b NEOESCLELL D

processor.Post (SayHelloTo "Alice")

CNICED . processorPXx 21—, A—ILRY I XA ve—IUhEI N, FICPLI—RMT
E5L0ICVNET. TJawvy—MAve—VETEHE Avte—VlFEINTITH. Avte—
ITRZT 43N, DALY RTEINBENEDT T,

%@3— <~. ( "Hi, Alice! This is mailbox processor's inner loop!"t 2 5 )L v ﬂ_\)bfé h"Hi,
Alice! This is mailbox processor's inner loop!"(:-éh\ cj/: @Zf#:/j)b@bﬂl‘i Lf:o

A—IL Ry zJOvyHEdT SHE. BETIALY Re—DETTELXST. BHhOUY—%>5T
AEI L&D

// 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
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

ZCThWEo2hDELTFLLD

processor.Post (Increment)

processor.Post (Increment)

processor.Post (Decrement)

(
(
(
(

processor.Post (Increment)

ZLT. ORITBENIE T
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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

A—ILRy o Z2TRE Yy HIgrAyve—VF1DT DL, A UF—D—THE DT, ®IL Y Kb
HBAyt—IkTHEHTELT. FOH. OPOLEEIHVIBA. TRy H—F(C LK

WD A ye—Vll A ye—IDETHIIHDVIEA.

let processor = createProcessor 0

[ async { processor.Post (Increment)

async { processor.Post (Increment)

async { processor.Post (Decrement)

(
(
(
(

— e o e

async { processor.Post (Decrement)
|> Async.Parallel

| > Async.RunSynchronously

INTOrAYyE—VIdE B LY RhoENET. A ve—INA—ILRYIZICETNSBI3ITIZ
O, OIITIEIDIECAD. EONLTWSIED. BEDTH-THOIEDETEDL

v R Ave—UNEhichz LI T

D)

DTII. BIL—TNFA—F 53 ¢ETEDEEYIaL—bM LI L. A—L Ry 2TA
L YyHRICETH>THINoOTEANTA2INTLTHET., Chid. k&L, N7 45—

RUZDOMOMNTEWITT .

NIV EDICEZ D ENTELT

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
let mutable state = initialState

let rec innerLoop () = async {

oe
-

printfn "Waiting for message, the current state is:
let! message = inbox.Receive ()
match message with
| Increment ->
let state <- state + 1
printfn "Counter incremented, the new state is:

oe
-

innerLoop ()
| Decrement ->
let state <- state - 1
printfn "Counter decremented, the new state is:

oe
-

around

state

state'

state'
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innerLoop ()

}

innerLoop ())

HIUTDBDIL Y RhvoEhnfc, LY Re—DTIR>IGEWICEHDbLSET . s3I vm
PostsE WO Ayt —VkTHE. A yvbe—IhNA Y- —TELTrAYE—Y%1Dd D95
ZEDBMNET. D,

AsyncReplyChannel<'a>€' A > ﬂ—‘\)@t L/_C j— % t N é hf: A Y ﬂ—‘\)@%(: 3’ Z t bs‘f‘%i j—o
type MessageWithResponse = Message of InputData * AsyncReplyChannel<OutputData>

(. A—Ryr2TOyHId. A ve—VEFTEEECIOFvRILELT. ULICETC
EhTEE T,

let! message = inbox.Receive ()
match message with
| MessageWithResponse (data, r) —->
// ...process the data
let output = ...
r.Reply (output)

AY—V%T BICIE. asyncreplychannel<' a>MTT. CNIETINELT. §54 X5 UX
ZEDESICLEIFMY hIEMailboxProcessorlC DI HOICENEESE . L D asyncara>™N
DETHZETY. hld. Ave—VERIMNTHOTIIEL. BODICHTALTOIDT—Z
Tl AsyncReplyChannel<OutputData> —> MessagewithResponsea)PostAndAsynReplyPL VyRETSEHIE

(u_ck 2T2cC t b\? %AsyncReplyChannel<OutputData> —> MessageWithResponse ©

let! output = processor.PostAndAsyncReply (r —> MessageWithResponse (input, r))

N, Ayvbet—VYEX2—(CRXML. TO Yy Y BRIOrAVvEe—IELTFVYRLELTT
59 5% D,

TRy NTFEITUOLRLY RETAYIFTENNUTY r‘postAndReply‘B% IE
T b F T F D A e

scanE f2 3 1ryscan®E LTX A—DD I v —VE L. TNODICHHF v E—VIDICELTEX
. EELDDH. LECXa2a—DArAve—VEXN, Ehicive—VaLEITFTTVIavm7A
LTIOMET, TOESBH AV E—IUDE O 1ryscanldNoneE L. scanldZDEL S A v E—
IUMTBET. @MYL LTIRNTBEITLET,

%h%(:f]}i L/ £ 50 RegularOperat:Lonsjc|:I v #bYRegularOperationsj— éck :) (C L/j’C(l\bY\
PriorityOperationbs‘&) é t % lj N 3( :L_(:- @RegularOperationsbﬂ'\ < D &) 27C {) N ?% éj’i(j < 3—
50Hh %,
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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
| 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 () )

FU24 UTHA—ILRy I TR Y & https:/iriptutorial.com/ja/fsharp/topic/9409/ * —IL K

VX TJBaky Y
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Examples

~

T A E

Memoizationld. UET HDEIFTEHLHIC. OEXVYYYVa1T S5 ETINTHIT. Zhid.
AR NOINSEETH5E5DICTT.

ELTESIENTELT

let factorial index =
let rec innerLoop 1 acc =
match i with
[ 0| 1 —> acc

| _ —=> innerLoop (i - 1) (acc * 1)

innerLoop index 1

CDELNTA=FTUTE. LB DEINET.

MemoizationldZ X v v ¥ a L. LINZA=IDBUPENcICZENeTDICELT.
CIREEAEDODH VT T

// 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 "$O0 -> 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

memoizationlSICE/NTA—FELTIFO., Ly IxFoeED2ELET. AVYRVYTRF Ve (0
) s (e > ) CNESIEMTEIT. COT. 2PITDELTAEET S ENTESX
9.

printen(f LI, ZEUFTEEIMNIHhET I ETY. DT ENTEET.
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// Pass the function we want to cache as a parameter via partial

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

ThH A&

DPETHOELT. TINLEOIRTOENYYVAILNET. ZhiZCEINIBA.

memoizationlZ T DL DI, INTA—H ot ENTA—FE(TNE:ELET. ZDe .

HDIBDETB-HODET.

application

fact (n—-

:n(:ck ‘Qéné?%g_é: t %(:g_émemorec(:$ 'D—C—C(gtf < fact~ 3:5%‘5 < (: %fact(n—l)jﬁ\

CENfenNyyvaT—JLICENTHET.

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 —>

printfn "%0 -> Not in cache, calling function...

value := £ 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 "S$A" (g 10)
printfn "%A" "-——-——————— "
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printfn "%$A" (g 5)
Console.ReadLine ()
0

10 —> Not in cache, calling function...
9 -> Not in cache, calling function...
8 —> Not in cache, calling function...
7 —=> Not in cache, calling function...
6 —> Not in cache, calling function...
5 -> Not in cache, calling function...
4 —-> Not in cache, calling function...
3 => Not in cache, calling function...
2 —> Not in cache, calling function...
1 —=> Not in cache, calling function...
3628800

5 —=> In cache
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// 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)

CDIN—YDELT. W{D2hDk/\—1E LT

// 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
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else succeedWith () p

let anyChar

let char ch = satisfy

let digit
let letter

satisfy

(fun _ —> true)
((=) ch)

satisfy System.Char.IsDigit
satisfy System.Char.IsLetter

Satisfyi”?)nfc—caésat‘;\ 477)\“1,?'(:\7;(:\(3\ Lj—C/\c—"j'Eos\ @@bssat%o L_Csatj_sfyfc

S5R3%N\—YD&ELIT.

CNEFSITY %

> run digit "";;
val it char option * int
> run digit "123";;

val it char option * int
> run digit "hello";;

val it char option * int

(null, 0)

(Some '1', 1)

= (null, 0)

B0 DOhDEN—Y—DHDE T, N—H—aOER—FELT. ThoELDE/—

HICLEX T

// 'fail' is a parser that
let fail<'T> = Parser
// 'return_'

let return_ v = Parser

// 'bind' let us combine two parser into a more complex parser

let bind t uf = Parser
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)

always fails

<| fun (s, p) —-> failAt p

is a parser that always succeed with value 'v'

<| fun (s, p) —> succeedWith v p

<| fun (s, p) —>

ElRICENTOEBAD. CHICDOWTIRDIFELBA. DI, N—Y—FLDEHDIChinad
51Ol pinaErina® THE L& Do

> 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))))
val it (char * char) option * int = (Some ('1l', '2'), 2)

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

"123",.;

"1",.;

INDBIZLTWS I ElF. pinah2DDN—Y—F L DI N—HY—( 11 TESHETT,
bind@(dﬁ/\o—"j‘—_@&) ‘9 N gi b= (:U;#bt"%):_ tbff‘%i 3—0

> run (bind digit
"123";;

(fun v —-> bind digit

(fun w —> bind digit

(fun u —> return_ (v,w,u)))))
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val it : (char * char * char) option * int = (Some ('1', '2', '3"), 3)

pingld/N\—Y—&FF LTI, FFH5~ULN—FLFT.
ETEHHODIDIC. BHVNET. BIFICT S EMTEXT

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)

ZNFRESCENTT.

> 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)

orElse%’B@&/\o_-‘j—_j \JE*—Q ‘d\ orElseTj—o

// '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

CNICE D tetterorpigitk DICT B EMTEI T,

> 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 "!!!";;
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val it : char option * int = (null, 0)

A>T 497 AT 3

FPICT 53, soct sos v < HEDEDEEDTY. UL, FEAED. o0 - «. /B
S DIZE@EDIHVEEAD. ChidETsnIZandL{oNnzTY. LHrL. FPOEKIZS
FThECHTBIETT. OFPICIE. 5ot 5o v DKL BNTHED. OV ITRFNELITY
TADREDNHNE T,

CCETLRERLT. N"—Y—%TF 5D N50E LT T.

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

L/j’:bfj—(\ >>=[jbind%bind\ <|>(5torElse L/orElseo

NICED. N—TELDICHAbLESIENTEL T,

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

Lol EETESRN—Y—IUEX—YETEHLHIC. L0GENN—FIvERX—5F&EN{Dh
LET.

// '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 =
let! tu =

return tv, tu

7o B3 nany seppy T T BAMTETOE Toepryld. N—YNF BT TENEDOT. £DTF. .
manyt sepBy(; E’ L/E -d—o

// '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'.
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// 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

LoN—H—D
LIcY—ILEDT. 110aE2B8EDON—YETE5L51C80F L

MDEDT . i/ —H—E LE T

// '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)

7& @ < O)id_’ Lck 5 t Lchar list o [Jchar list?g—o IJZ hbfajlgfaj_]_ N %Z’W)(;t"&(: Lgi g—o

FSI _Cé@pj_nt7__ A |\

> run pint "123";;
val it : int option * int = (Some 123, 3)

EOIC. 2 5DICENELEHDET HDHVET.

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

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)

FARTITAR

// '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 {
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let! v = paddlike
let! _
return v

eos // To make sure the full string is consumed

ZENEFSITINTIT %

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

Parser<'T> ~ return_ » bind%return_ N %h%bfjﬁﬂ— |\®(: 2T é:_ t %j— é:_ t (:.ct o>7C.
T/ZMonadic Parser Combinator7L—4LD0—2 & L& L=

IN—T—@N—Y—TENSH/]=H. Monads& Parserld (T VE F. MonadsZ>&. N—H D%
LiahsonN—edbE sl éMNTE. 2ol 23 HEmTEL T,

FEMLIET7L—LT0—2I13 0 I 5—+Avye—IVHTNIBA. Chid. I—R&ICTSHLH
TY. FParsecld. TEBINTF—I X ENCIT— I ye—IDELIT.

LHhL. 2T, EFROESZEIITEITA. TEFRELEITFNIEEDE .
HIEI=ODICT 51D LESET B EMNTESMonadsICT B0 DhODHVE T

1. B+ R -ENLEICRIENTES

2. Tracer Monad - FL—X &ICZ 5 emTELT. EFHRD

3. Turtle Monad - TurtleLogos 7R 2 L& T H/cHODTESF R, TF RD
4. TFR-OIL—FUEFF R, SNDIF. FTasync T -

HITISTH B RAA VDOMonadsPI=OD7 T ) r—y 3 VEZ3ED. 2 ETYT. Fnld
IN—H—T L /=,

Yy —x31—R

// 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)
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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 () =

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'
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
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let pair t u =
parser {

let! tv
let! tu = u

return tv, tu

Il
P

// '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
| []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 '-' >>% (-)
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

lXChain Monad?PZ= L X9

Monads/C 3 5MDI(3drs cx TY. BT ZVIF. [ZIF. MonadsE 3 5DT7 JA—F 53 5/=I(C
CE%flJCEO
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let v = m >>= fun x -> n >>= fun y -> return_ (x, V)
Hilzlzanel ZENTEELT

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

EELDRTANLEHT. EELEINEDOHIC LI T,

BT HETOIC. IRNTOML—XIZIDEDHSBZ EMNETT. ZOIDIF. LFLICT S KL
—Z2H5IEHDICELXT. 3. FLOML—XECOT T 74 L E&5DIZICTT .

. IDEITXTDODELTHASDIITY. Monads »PESN_ENTESL DT . Log Monad &
LTRZIVTXX Mg abEDEICLE T,

. A3V TFx2bE. AT VUTXRAMNEMNL—RTHEDIATELE T,

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 ())

T B3 UTXA Mo DeLTETT %200 L—X®2 LI T,

let trace v : Function<_> fun ctx —-> printfn "CorrelationId: $A - %A" ctx.CorrelationId v

let tracef fmt

kprintf trace fmt

traceld. FEINEECOTAVUTXIAMNEINSEZ EEFT Brunctioncunit> C9. AT UT X
Ao DEL. TNEEICML—ILE T

é ‘5 (. bindt return_% N I\/Ionad@(\_-“\ :hb\log Monad% L/i g—o

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

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

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

(NN LogBuilder%L_C\ LogMOﬂﬁdS%ét”%fC&)(:cE%?%%&5(:L$-§—o
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type LogBuilder () =

bind t uf
return_ v

member x.Bind (t, uf)

member x.Return v

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

OATIAVTXIRNEDETESLDICEDE L.

let £ xy =
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

gEgl LEX T,

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

EEonEnEh

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-8b57-6fa9cdaf060f - "g: f produced 3"

g produced 3

CorrelationldDScun DD gICCBEENB I EICLTLREE L, ZhICED. NS TLyva—T4 Y
iAo N &5(FEIENTET T,

cEldESICLOMBODETeh. Chigdbkt-Drgd 2DICEX T,

7). 3—R

module Log =
open System
open FSharp.Core.Printf

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
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let run t = t (Context.New ())

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

let tracef fmt kprintf trace fmt

fun ctx —>

let bind t uf : Function<_>

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

// >>= is the common infix operator for bind
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

A 224 TEF R hitps:/iriptutorial.com/ja/fsharp/topic/3320/€ # R
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24: ') 2k

s [HPYYR K,
head :: tail //head& J X btaile LT WS, :ldCons& NI 7.
letlistl=[1;2;3]/2 23R DICLTLES W,
let list2 = 0 :: listl //I3[0; 1; 2; 3]
let list3 = listl @ list2 //I3[1;2;3;0;1;2;3]: @ld. TY.
let list4 = [1..3] //I3[1; 2; 3]
let list5 = [1..2..10] //I€[1; 3; 5; 7; 9]

let list6 = [iH¥1.10DIEi2 = 1D yield i] // resultl3[1; 3; 5; 7; 9]

Examples

‘/CI ]) 7\ 1\ 03

let 1listl = [ 1; 2 ]

let list2 = [ 1 .. 100 ]

// Accessing an element
printfn "$%$A" listl.[0]

// Pattern matching
let rec patternMatch alist =
match alList with
| [] —> 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

NV ANDODET S
CLo>T

let rec sumTotal list =
match list with
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| [1 => 0 // empty list —-> return O
| head :: tail -> head + sumTotal tail

DOTIE. [ 1 TLRENW, FRIETTNOELETT. Fnold. TlIEWY R hTT.

(11 ~

[1; 21 ~ [1,2,3]7:1?8?3—0 listbf[1]®\ head%l N tail%[]/\.\’( :/ |< L/\ head + sumTotal tailL/

head + sumTotal tail o

sumTotal [1; 2; 3]
// head —> 1, tail -> [2; 3]

1 + sumTotal [2; 3]

1 + (2 + sumTotal [3])

1 + (2 + (3 + sumTotal [])) // sumTotal [] is defined to be 0, recursion stops here
1+ (2 + (3 + 0)))

1+ (2 + 3)

1 + 5

6

DINT—2Bh Te LT B5E0EEF. EVAHEESITETT cunrorallIZNICHE DI T

let sumTotal list = List.fold (+) 0 list

) AN %ET S

DA PMEST S} 222130 THONC2DOTLIETY. TLAVNMNILY A TTRIFNIZ R
NEEA.

> let integers = [1; 2; 45; -11;;

val integers : int list = [1; 2; 45; -1]

> let floats = [10.7; 2.0; 45.3; -1.0571;;
val floats : float 1list = [10.7; 2.0; 45.3; -1.05]

DX NI, 3T, DU KNI, OLSICTEZT.

> let emptyList = [];;
val emptyList : 'a list

4212

INA RDOYZPMETBHICIE. CEXVYZIMLE T,

> let bytes = [byte(55); byte(10); byte(100)1]1;;
val bytes : byte list = [55uy; 10uy; 100uy]

DYZKR LD, V2 Z20F TV MDIR M EETEHIEHTEXT.

> type number = | Real of float | Integer of int;;

type number =
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| Real of float
| Integer of int

> let numbers = [Integer (45); Real(0.0); Integer(127)1];;
val numbers : number list = [Integer 45; Real 0.0; Integer 127]

Loy

\

D5 4 7 Dint. float. char. .. Tld. T TL—RFELT. stattendTIUX MNET B EMT
=X 9.

[start..end]

> 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]

DETILELT. OIATDODRTY 535652 ¢5TEXT.

[start..step..end]

> 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]
VIRxL—%

D2 RN &ETHDIF. VIRL—ZE#LTICYRNET B ETT.

DETFTLOWT N ETEL T,

[for <identifier> in range -> expr]

gl
[for <identifier> in range do ... yield expr]
> let oddNumbers = [for i 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 multiples3Sqrt = [for i in 1..27 do if i % 3 = 0 then yield sqrt(float(i))];; //sqrt 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]

W{DODhDE>TYRMETHIEMTES T

X
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D3 A~y REYZRMNIT SHZHIZENET.

> let 1=12::[1 ;;
val 1 : int list = [12]

> let 11=7::[14; 78; 0] ;;
val 11 : int 1list = [7; 14; 78; 0]

> let 12 = 2::3::5::7::11::[13;17] ;;
val 12 : int list = [2; 3; 5; 7; 11; 13; 17]

DX hDIF@THE T

> 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]

A 224 v TYZ =ZT https:/iriptutorial.com/ja/fsharp/topic/1268/ ') X b
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N W

EETL/f:/——

Examples
L 42 —D

FEUIFEAEDTRITSIUTIE. BEIINBETILICDTEBLICLE T, 2200 LA YU—
?‘; ~ bﬂ:& 6i ?é hi -@-A/o F—F(; N 1azy3<_'j_ |< t S(‘C{ll\'?li(l(‘fs?%?%i 3'0

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

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

E 52, Lazy EvaluationZ2d & X v v va1&NH5DT. DICETSHE. FENIEA

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 ()

FTOL 4 ¥ —D

Flz. ZREAEDTRT T2 E L Strict Evaluation&® 7T 27 #L b TLEF. HTIE. [3FCIC
ENE . (. Lazy Evaluationl3. MICEBETDZLE T, THIC. LAY—DEXvyyva
In. ooBENI T,

lazyﬁ?—'j— |< t S(ZQJ!)H:ICS% = _CF?% :) :' t bf?%&t g—

// 23 * 23 is not evaluated here

// 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)
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// 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 ()

F 224 U TL A Y—%T https:/riptutorial.com/ja/fsharp/topic/3682/L 1 Y—
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26:

Examples

FOOD =L

Ff2hhPT . CDOIEE

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

ZOOI—RDIFDEBTT.,

1. String.StartsWith"\ < jb\d)j_/{_m_ Bb\& 67:&3\ 11— |< (J biﬂ'/b

String.StartsWith

2. MENWTH. ZA4 TS VDOON—VIAVUTIITUIA LISy vaetEITNEINEHY
L9

3. Rename methodsct 57:: I) 7 7 7 7 U Dﬁ“/—h(ah E’_k h_c('\i 3’0

DXV DAUNAINICTUIALA LI Sy a13 50D ETT. FnldInL S/,

nETSHE. DINTDET S ENTELTT. WD2BDALNN—F LI T

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

Boolean StartsWith (System.String)
Void .ctor (Char(])
Microsoft.FSharp.Collections.FSharpList 1[System.Int32] Singleton[Int32] (Int32)
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@ ...l rDETDEDLOIC. 2TV )—FFTSHIEELET. ¢ vv.startswitn v exlFDK
:)7:(\‘/ U_% Li?’ Call (Some (Value ("")), StartsWith, [Value ("")]):_0)\\/ U_'i\
getMethodInfoa—%}‘B@t L/\ L/(")L VY BE’ L/E 3'0

N2, oFRTONRENTE T,

A 224 U T%E hitps://riptutorial.com/ja/fsharp/topic/4124/
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27 INi-

Examples
IN=DY TILDOD

ENFEETEHEEIZIE. ZTLOICEITF. NI—URYFUTDIZIODETET T,

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

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

oIl INEDICEIFSHIET. I—RODL. cTEINSEOMTANTAOETUIRNT
DEIDINTA—=FICENET. interopI—RTEINST 7 HL bDIF "ltem”. "ltem1". "ltem2"

INzo

FDEINZIE. ODE 5 T—5aT&553 52 LT T. ThobDld. C++DIZF U OVBDO/N
U7 U RNITOWXTH. Y4 Te—TTH5E0S00H DI T,

// 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

DL F
SNEDICIE. 94 T2h5EHVECA. 2952 ET. (LDRICTAZAVETEST.

// This union can represent any one day of the week but none of
// them are tied to a specific underlying F# type
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type DayOfWeek = Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Ze ) AN\D
Discriminated UnionZE E D TT 503 5h3H VX F.

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

S TINT—X D=

DIT—IXINfzAZFld. ENPHODT—ZIDIETHEENT. DENZAZF U ETH
%

// 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

hlg. OEITBHDICT. cPRJavaTldrd. LWEFT S EFT—/—~y RIZEXFTH. FTIEL
(EanEd.

D2DODICEL>T. Ur—xoEnizhsan d.

type OrderId = | OrderId of int

type OrderId
| OrderId of int

DT— 3Nl a—RE&LTT5%
LId—RDEOEET SH1-HIC. A1DDT—IXDITDETHELEBHVIT.

type Point = Point of float * float
let pointl = Point (0.0, 3.0)

let point2 = Point(-2.5, -4.0)

https://riptutorial.com/ja/home 113



nold. FTLELTNI—URYFUTICEL>TTESDT.

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

let distance (Point(xl,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

LIk,

RequireQualifiedAccess~ (PIER é: (in& (71’1(3’7& 67:( b \MyUnion.MyCasej’é(j—C\‘i& < MyCase o© :— n

3. #FLEFEVI—LOOEEL T

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

1z é: 2- (i\ Systemb\*b\nt 2 %) ~ Sinqle(Et System.Single L/System. Single o :L:Z" ://T_ZOD

Requirements.Single LDl 53 D &'- t"/bo

waInre-

SN, THEDHDET. DXV, ENoDTETSHIENTELT. CITHRIEFY )—

T9.

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

ELT. OYV)—= LI L&D

CEhtczlT. OV —&2DLSCTEI T,
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let leafl = Leaf 3
let leaf2 = Leaf 4
let leaf3 = Leaf 5

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

W —5F 52 ¢F. NI—URYFITDTT .

let rec tolist tree =
match tree with
| Leaf x —> [x]
| Branch (x, xs) -> x :: (List.collect tolList xs)

let treeAslList = tolList tip // [1; 2; 3; 4; 5]
N
23 %1D0MIF. LT BENICT S ETY.

// BAD

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

type Expression =

| LiteralExpr of obj

| ArithmeticExpr of Arithmetic

SNLEOICLI—REFHILR>EINEIEA.

// BAD

type Expression =

| LiteralExpr of obj

| ArithmeticExpr of {left: Expression; op:string; right: Expression}
// illegal in recent F# versions

LT 5EIEBICIF. saXx—T—RETEI T,

// GOOD

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

| LiteralExpr of obj

| ArithmeticExpr of Arithmetic

F 24 U TENi== T htips:/iriptutorial.com/ja/fsharp/topic/1025/ & /<
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28:

Examples

VT Tl
let stringl = "Hello" //simple string
let string2 = "Line\nNewLine" //string with newline escape sequence

let string3 @"Line\nSameLine" //use @ to create a verbatim string literal

let string4 = Q@"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

7

ELTZET7F—X Y bLTTAILE. W {D2IhDBHVXT.

NETDIE. string.rormat & /=(3 stringBuilder.appendrormat & 9 % C & string.Format o

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!"

FICII. ECRIALTIHF—X Vv T 5HHVET. NETICIEDHDHDE T

* sprintf String.Format

open System

let hello = sprintf "Hello %s" "World"
// "Hello World", "$s" is for string

let helloInt = sprintf "Hello %i" 42
// "Hello 42", "%i" is for int
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let helloFloat

let helloBool
// "Hello true",

let helloNativeType = sprintf "Hello %A again!"

sprintf "Hello $f" 4.2
// "Hello 4.2000", "%f" is for float

sprintf "Hello %$b" true

"$b" is for bool

// "Hello {formatted date}", "%A" is for native type

let helloObject

sprintf "Hello %0 again!" DateTime.Now
// "Hello {formatted date}", "%0" is for calling ToString

* pprintf StringBuilder.AppendFormat

open System

open System.Text

let builder =

// Attach the StringBuilder to the format function with partial application
let append format

StringBuilder ()

// Same behavior

append
append
append
append
append
append

builder.ToString ()

NETODLDIZZNoDET H5E. WEDDONHDI T,

"Hello
"Hello
"Hello
"Hello
"Hello
"Hello

%s

oo
O b

0% o° o° o

O

= Printf.bprintf builder format

as sprintf but strings are appended to a StringBuilder

again!\n"
again!\n"
again!\n"
again!\n"
again!\n"
again!\n"

o« A4 T—T7T 4«
s K7 T US—yv 3y
o« FRA T4 THKR—Hh

#2024 U T=E https://riptutorial.com/ja/fsharp/topic/1397/

"World"

42

4.2

true

("World", DateTime.Now)
DateTime.Now

// Get the result string

("World", DateTime.Now)
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29:
ER=YAN

3. JUNRA ZICELBICDHEEIN. ICRTEIRA. YUTL I YT U ®r0stringk 2B AV Y R
TlITEL A

7:&2_(3\ C‘i\ Fa’( 73'} (::J:'D_Céh\ float<m>@7’f_)b F@%f:t{“double%float<m>$
ER

Examples

D5LD%ET 5

FF B3I TEBDOTT. TJUNAILIZHAZ Y RELTLTWSAMEShET S-0ICTESE
9.

=3 5I213

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

ENndE. ZLT. BENBICESIEETHIENTEIT.

// 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

=Y DAL= T Y
[<Measure>] type m // meters

[<Measure>] type cm // centimeters

// Conversion factor
let cmInM = 100<cm/m>

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

// Conversion function
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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>

FI /N4 213

CLEIXBA.

1<m>73§100<cm>b('\:t%’aflh:t(: LT (j:fé (A %Z’lb\*(:f;é ‘9\ i
NI edDHFATTT. DENT. A —bMLhBXOTIALICTHIENTEIT. /N1 213

[<Measure>] type kg

// Valid code,
let kgToM x = x

EDOOELTTHIEIITETIEA,

// Invalid code
[<Measure>] typ

LhL. &[H]ICTBICE. 5T B~LVIZIC

// Valid code

invalid physics
/ 100<kg/m>

e m = 100<cm>

[<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 =

1<m>

let time = 1<s>

[lTHv. IZTT.

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

force = 1<N> // Evaluates to true

LanguagePrimitivesz L T2 =V b Z X721 T 5

DL ANILDLEHBIZAZY MEICLE O panguageprimitivesEYA—ILE LT, Tho&EHFR—b
57 )IT4JICAZy b Eed B ENTES T

/// This cast preserves units, while changing the underlying type
let inline castDoubleToSingle

LanguagePrimitives.Float32WithMeasure

(x =

float<'u>)

ZIIVNTHICIE. ICLOWT1EIFE T,

[<Measure>]
type USD

: float32<'u> =
(float32 x)

https://riptutorial.com/ja/home
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let toMoneyImprecise (amount : float) =
amount * 1.<USD>

% System.Double DD WD TBIC@IEZIT. DTHONZ/4 T2 BT S, 2LET.

open LanguagePrimitives

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

FA U074 JIC&>TEdnkzldnossDTd.,

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

DDINT HF—
[<Measure>](g\ 9’(7/\3}_9—CL—C\ }QJ*’_T&%?é':tbS—C%ig—o

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

T b

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

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

INz2=v 9472 L TET5S

j'C t 2_(3\ Slm‘g CFaA7” 3’( 73 U ~ Microsoft .FSharp.Data.UnitSystems.SIS ?’L"C by
Microsoft.FSharp.Data.UnitSystems.SI o 7:( _|j_7°\ UnitNamesi 7: ';UnitSymbols_C Li -d—o S|b§7:t (&
AL TIA Y TR ELTA VIR—bTEE T,

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

DA—HY—FDZEESMHVETT. MITICKIG. FLEVWTLEI W,

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

ZDWE. SIZATETHOI—REASA U TI—RTHEECHMIEDETT., #353—K
EMHDETHN. OEFTEHI—RIIODELEOVWI—RENHDIEA.
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Lichs>T. SICIRICZA TELTLIEE 0 gnitnamesE o lRvnitsympors BT 2ME D MEIH Y
FEA. CNHD2DODIFLET H1-DTT.

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>

A 224 T htips://riptutorial.com/ja/fsharp/topic/1055/
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30:

Examples

DL TEZT5

TV NTJATSIo0TR. BI3F TV NETHIETY., JATSIUTTIR. &
CETH2ONETT.

Py L x BEDELT. TR UTOMBELTHET,
let x =1 + 2 + 3 * 2
TATSIUTEBPRFTELHTEDT. BIETI>E D o o0 5¥< .

// 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 h4 =f > g // Forward functional composition

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

P ClE. DICELD. LD NhIE o

1. [>CHBICNBEDOT. EBMBICNBEDIITT
2. < «<lFLWEDNRETIN. TIITHO.
3. LDEZIESH L. ULEDRHICICILEIEA.

£+ K

A |< Option<'T>)<DList<'T> (St7|:|755 \Jﬁ“f‘& < bhf“é@?x :E+ |< >>= N >=> 1 <[>~

<*> o

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
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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

LOWTRATIY—IZEDTIR. E2/12DIITIZZASMH LNEIBAD. FNEINODODODES
FELdonNTHEWEHTT. LEL. 5. ss0 sses suB'EDfc0W DO INL—ZUFT
F. +. -« BLK,ESEFECEDET.

FCLatebinding= L WX It <L —5—

& DETIR. JUNALIZEdDNTHWSEWET. Y4 7. 704 &2 L THOT—5-V—X
ZLE T

LML v et aynamicE K Daynamic N VT A4 VT 2T B2MHDES. 1cEZIF. [CENX X
— X el sson RX 2 AU NESKEETYT,

LA MAURDETBID. sldEYR—PL TV, 5

// (?) 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

LA MNAUT A DT D PR—NIYV U TLTHH S EMLE LI

A 224 U T%E hitps://riptutorial.com/ja/fsharp/topic/4641/
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31

Examples

AN O—RICT S

type person = {Name: string; Age:

member this.print () =

printfn "%s,

let user = {Name =

user.print ()

int} with

%$1i" this.Name this.Age

// Defines person record

"John Doe"; Age = 27} // creates a new person

// John Doe, 27

// Defines person record

"John Doe"; Age = 27} // creates a new person

Ay

type person = {Name: string; Age: int}

let userl = {Name =

let user2 = {userl with Age = 28}

let user3 = {userl with Name = "Jane Doe";
Name

let printUser user
printfn "Name:

printUser userl //
printUser user2 //
printUser user3 //

o)

Name: John Doe, Age: 27
Name: John Doe, Age: 28
Name: Jane Doe, Age: 29

// creates a copy,

Age = 29} //creates a copy with different Age and

%$s, Age: %i" user.Name user.Age

Fo4TEL https://riptutorial.com/ja/fsharp/topic/1136/

with different Age
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32

Examples
DINT F—5F D

FTIE. TXTONBE L) EODNT I—HZr N FEF ., Zhid. TONTA—FEFT SO
ThHsEH. 1257,

let add x v = x + vy

L L. TEREFA VIS0 T4TlkA4A V5 TIVIIITHE. TFEOVITRFRIIOLSICEDE
7.

val add : x:int -> y:int -> int

INTGHA=I D FNIT. TEOVITRFN(dine > int > int T I3TT. D2ED. ZOVT
R2F¥ITint -> (int - in) ECTTo WZNIT. 20a 1DPBTH B0/ \TIA—F %, D5%F
intE Tint. TNELTAHATLZE N

let addTwo = add 2

// val addTwo : (int —-> int)
let five = addTwo 3

// val five : int = 5

LHL. aqaEDEFE"O"TUTZEHTELIT. CNIEF2DDNTA—HEFET. DIZLE
.3_

let three = add 1 2
// val three : int = 3

CNIF. BONTA—=FEDICENET.

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

ZDIF. DINGA—FELIDDINTA—FEED, LWETTHEHEZSHTITONTIA—5HLT
CEFTICTSHET. COIVeThNETHETEDONITILAY)—IZ®LT. )2 7EIIN
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TWhWET ., ZhEoIEL>TEINLELEOTIN., AIL—FEFDOEICZELTHIT.

CDIIEFTCEINTWHWET. I3 EFNIZLIZ0TLEL D,

D

FDIFEAEDIZ e TEINE T
let timesTwo x = x * 2

:h‘;times’fwot (A 50)% LJ\ @/fai—gx%t Dij—o 5)7;7’:(30)Fﬂ “/‘\/EI \J%a—%fsharpi
(ON XBJ: ULinUX\ fsi.exe WindOWSO)t?\ %O)% ‘9(jjacj:U;;Z‘_fsharpi%&TCfi(j'@ L7=3
—RETBHLHIC. drlz@ENIOHOET

val timesTwo : x:int -> int

:h‘;\ t(l\5:.t%timesTwod)/\ea?L_g6?%6X@int\ %L/_Cbinto */7*?&’(;*/\5%
—IRLTENEZENODT. CDEine > inePNTHBIENLLHVET.

B2 E2TEDELDICLTELIEZEDNEODT. DIINTA—HBTHoI=Z L EFIIEDLD
C5TWELIEMEFNIIDIZOHTYT. TIILALEIFTLEOT. L3 0 THEIFNIIEVIEA. It
L—LELT. FREESICEX VYA M LIECBALX YA ELCTENHVET.

INTGrA—FEnkhe L3, -=TT

let hello = // This is a value, not a function
printfn "Hello world"

INESLWROEBVTY.

let hello () =
printfn "Hello world"

C Dreiiold. tnit > mit®2BET. ChICDWTIE. "unit"cLTWHWE T,

Curried £ Tupled?

F. Curried. XU TupledTR/NTA—F & DT SHICIF. 2DDNH VT

let curriedAdd x y = x + y // Signature: x:int -> y:int -> int
let tupledAdd (x, y) = x + y // Signature: x:int * y:int -> int

FOTENICITNTDNETIL—LT—0 &L} FCTupledTENE T, FIT7EY2I—-LDIE
EAEDIZ. CurriedTEINE T

Curtied 7 #—A4I3 DD T. TEEEINIE T, TupIed‘C‘(at\ D2oMIFEELHTEIEA
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let addTen = curriedAdd 10 // Signature: int —-> int

// Or with the Piping operator
3 |> curriedAdd 7 // Evaluates to 10

ZFDIE. CurriedPSI D2DNTA—ZTUHEINEEICETOTT. TRATIIUIANESTZI

let explicitCurriedAdd x = (fun y -> x + y) // Signature: x:int -> y:int -> int
let veryExplicitCurriedAdd = (fun x -> (fun y -> x + y)) // Same signature

ZFNRLLTHBIEDOMDE T,

el 24728 EERLDIC. ONETI—REAUVI—DDIAXTBHEEIF. Tupled?
F—LELTESTHIENTT.

44T, ULEICEZHIENTET T

Zhig. a—ROETNIF—I 2O EHNEd. LhL. olgFLhiLizElIC
THEINBEOT. 72TV PIAR—XEZELIT. A U4 VT BhEShEHEHEE
IMTH.

inlinef(_'j_ F?%’( \Ja’( \J-d—%:. tb\“?%&rg—

// 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
let s = sayHello "Foo"

// After inlining —->

// let s = sprintf "Hello %s" "Foo"

printfn "%s" s
// Output
// "Hello Foo"

A—AILEDD

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

https://riptutorial.com/ja/lhome 127



printfn "%i" i
// Output
// 8

INA T D

INA TG INTA—FHZ(CHDIL TV NETITLEDICENET. 2D ULEAPTCLE
R

EICIZ. 2DD/NA4 T NFE 7.

. L NTA—HEPOAT

let print message =
printf "%s" message

// "Hello World" will be passed as a parameter to the print function
"Hello World" |> print

-qui—ﬁ%n6N?

let print message =
printf "%s" message

// "Hello World" will be passed as a parameter to the print function
print <| "Hello World"

INA THELEWEICLET.

// 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

let mySeq = seq { 0..10 }

let filteredSeq = Seqg.filter (fun c -> (c % 2) = 0) mySeq

let mappedSeqg = Seg.map ((*) 2) filteredSeqg

let finalSeqg = Seqg.map (sprintf "The value is %i.") mappedSeq

printfn "%A" finalSeq
DEl LT NATTEDENWICTHIEMTELT

// Using forward pipe, we can eliminate intermediate let binding
let finalSeqg =

seq { 0..10 }

|> Seqg.filter (fun c -> (c % 2) = 0)

[> Seq.map ((*) 2)

|> Seg.map (sprintf "The value is %i.")

printfn "%A" finalSeq
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DIF. NFZA—=HFELELTOICETNI T,

DINTHI—=F &N T LIcWIF. (ONFA=HFTELL. XIA=HFTHZTLELIT. &
AT 4 TENA TR 3DDINTA—=5||>E 23« 2P R—bPLE T

let printPerson name age =

printf "My name is %s, I'm %i years old" name age

("Foo", 20) ||> printPerson

A 224 U T%E hitps://riptutorial.com/ja/fsharp/topic/2525/
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Examples
S AN—FDHDOD LN

let inline getlLength s = (%a: (member Length: _) s)
//usage:

getLength "Hello World" // or "Hello World" |> getLength
// returns 11

9954 A U T — . LO—RD

// Record

type Ribbon = {Length:int}

// Class

type Line(len:int) =
member x.Length = len

type IHaveALength =
abstract Length:int

let inline getLength s = ("a: (member Length: _) s)
let ribbon = {Length=1}
let line = Line(3)
let somelengthImplementer =

{ new IHaveALength with

member __ .Length = 5}

printfn "Our ribbon length is %i" (getLength ribbon)
printfn "Our Line length is %i" (getLength line)

printfn "Our Object expression length is %$i" (getLength somelLengthImplementer)
A R—T—IL

:h‘JGetLengtht W 50)} \/ Y |< %j%(jh\ ‘BGetLength‘éz(:int% in ?’

(("a : (static member GetLength : int) ()))

F T4 UTILENIZD/NT A —% = https:/iriptutorial.com/ja/fsharp/topic/7228/IC & fz DX
Zr—%
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