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UNN 1
Introduction to F#

(Introduction to F#)

L‘ﬁ:ﬂﬁ'l
® [ntroduction to F#
® Introduction to F# I#idu uaziduaiddn (Deep Dive)
® 1 fuRzIaEUIDY F#
® ANuUANE9aN C# / VB.NET luuSunwes F#
® Functional-first, Wi b OOP W&y Imperative 1o
® m3finas NET SDK uaz F#

o m3aslUsing F# Console App

UNA 1: Introduction to F#

o [ U é’ A a 6 6
manamldsunsudioniw F#  lasuanuawlannnduizes 9 luuiesiainssusanauls
lasanzagbslunguinWamndasnisanunsztulunmadouldauazanusuninlung
saminudymndusenludiadiamaaiuazninlszaianatays nsignaanuuuaiianay

6 % % 1 qq/' o v
landauludnsuzaind1n MIdidngwanamnasznanis ML (Meta Language) uazldgn
ianlgadn993s9ilu .NET Ecosystem vinlwanansnidniisiaiasiia laus3 uazlassasionugu
W@EINUNLAET C# ez VB.NET

Iaidues F# vhluandraainmsiauls NET Framework Aannuaansnlunig
HEUHENUWUWIAALTIWNITITU (functional programming) (LA NHAREUVBINTTBULLLIT
f@q (object-oriented  programming) LalEIENFS (imperative programming) b BE19RIA
L L =S A U d' R 2 o [ o L2 1
inWawdsmannidanlfuwinmafuanzsanudymld lihaadunmstanmstaysswalng
MIaNIeanasNuNTUTan wiaududnmsnawwaUnainsunia

WaldSoufisunun s C# uaz VB.INET uad F# Janumz1ad DenTsiNnIstULazan

S o [% (% o % . = Y a {
anuirdoululan madouldsunsudis F# dnld30uny declarative  Gawiunisnan “faf
v vV a J 1 qq: 1 o ] 1 ¥ o v { Qo v
dasn1sliifiadw annnimyszyfiazauaeuitaziadnels anuuandrafivinlildanwamiean
=3 o U 1 A’ A v & e d'l it a A d'
F# Janugaaniazidnlainedy luameidoinunginsanansabanlesnulausIiniossuuanun

aNW@WEIBATEN C# Wia VB.NET Tlasass

F# Programming: Beginner wih 1
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F# gnaanuuuliidunim functionalfirst na1afia lassasiuazguansmzds g va9
muwiwldfmadowldsunsudeaitwdunan 1mw n1sld immutable data waznTaIWIRTH
udn uafldldDanwinwamannnsldiuwanig OOP wia imperative ¥nd il &odivinle F#
Lﬂummﬁﬁmmﬁ@mEjugﬁmu,a:@au‘[wﬂ‘msw”@um%mﬂ%mmhzmw GauAMTITLEITI N
loaudansldnulunagaia

Wasuduldom F# dnwawdndudesfoas NET sDK  FudweTasfionugiud
Microsoft WalWLatHLWs N5@aad .NET SDK v lgldmunsnidifisnenlniaed 13098l
SaMIWAnLNG wazdndanldlunsasldsandlung nsesenaninwad anttuitsiolwnis
L’%'mi”ul,%'ﬂuf F# (wltagnesudu Tdn9asvinuuu Windows, macOS #3a Linux

WaIaNNAaes NET SDK ui duwaaudelidansaslisiand F# Console Application
S’fial,flugﬂl,muLﬁaoﬁuﬁlf*ﬁﬁm%'uL'%'zluflmaa%"’mmmuazﬂmf*ﬁmﬂﬁ@ drdanltdo dotnet new
console -lang F# Gsazaialwduazlanailunandinaspu snwamwnausndaldasinan
Tlusunsuurly 15w Visual Studio Code %30 Visual Studio tWavihnsun lowassulusunsu'le
NUN

a7Ulddn unusnitldnenngiwanudiladsiumm F TasSuaiudiszia anw
Lmﬂ@mmﬂmmﬁu‘lum:ga NET  &numa09 functionalfirst  N89n938950 OOP  uaz
imperative lUanfsinaaunisanasuaznisaelusiandiiaaiu Lf':ammmf:aufluﬁugm
feadmiumahanudilaondald fezangdnlulwddhons Awed uwazgluuunadon

I‘l.]iLLﬂﬂJ@T’J o F# agnaduszuy

Introduction to F#
o Usifuszaaiduvas F#
o ANULANGEIIINN C# / VB.NET
e Functional-first, wdld OOP waz Imperative &
« ms@aas NET SDK uas F#
o mMIa9lUs3nd F# Console App (dotnet new console -lang F#)
Uﬂﬁ 1: Introduction to F#
g@ﬂi:mﬁmamw: W laYsI6 wwIfanan ﬁ;@wﬁu/ﬁau@m@mﬁnﬂ C#/VB.NET wazvineannlaass

AILARAAI NET SDK aniIai19uazsulilsidne F# wuy Console

1) Uszinuazanianaas F#
F# (tan2131) 1Junw ldsunsuds functional-first N3uU% .NET Waruw las iyl Microsoft
Research (313ulas Don Syme) uazdaungnidaidulaiwusaianisld .NET Foundation vina1u

90N C# way VB.NET VL@TLﬁugﬂLLuu

F# Programming: Beginner wih 2
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ALAREIATY
o Functional-first: L@@ immutability, pure functions, higher-order functions,
composition LLaZ pattern matching lAlaanszau LLa:a@U%L%Gaﬂ’luz (state bugs)
« Concise & Expressive: syntax Nznai g1 lnadn (boilerplate #agiN3I1NW1 OO
via'lal)
« Strong typing + Type inference: u”oﬁ'ulﬁmmgﬂﬁamgqLL@iﬂaw"lwﬂﬂﬁ WAEILAN type
Twsalusd (lidasRuw type sfom)
o Interoperability (.NET): 15 baus13 NuGet uazleia C#/VB.NET ﬁﬁag‘uﬁﬂﬁﬁuﬁ
) Tmmaﬁ’agawsawé’a: Records s Discriminated Unions (DU) A modeling domain
i1 T wazaeanunin class hierarchy Hangs
o REPL (F# Interactive): naaasdlaidelasasilugalad data science wazmsdnwios
ABENINTILTINU: quantitative finance, data engineering/science, web APIs

(Giraffe/Saturn/Suave), ST#NG8IN15 domain modeling TALA, 1N N C# 1 e

2) ANHUUANA1IIN C# / VB.NET (ANIIN)

#278 Fi# C#/VB.NET

. o Functional-first (39930 .
NITUIUNAY OO-first (38931 functional features)
OO/Imperative)

. |ld@&wni (type inference, pipe, oo ,
ANNNITTU Iﬂidﬁi’%‘]“ﬁ@m@m’]’)ﬂ’)’]
pattern matching)

>3 ] . . . L .&’ 1
n13ue match + DU/Active Patterns 1133  ||switch/pattern matching WAIWUIITH U DU
Q = o =)
tuuy WR4 wouLeenwlaflasass
MIeNT ||, L .
5 option<'T> LU type-safe d null Lag nullable types
null

record, DU Tunu class hierarchy Wit class/struct/enum, 4 record (C#) wal baifl

luaadaua |, .. .
e DU luan

Async workflows (async {} +

async async/await Ut Task
Async.”)
s a
NNIAIALILN
. Pipelining * >IL@E composition>>"
Ia]

£
au 9 aglaaiay

Fi#:

F# Programming: Beginner wih 3




4 v A v A
g{uwm%aiﬂmumiw

let square x = x * x

let sumOfSquares = [1..5] |> List.map square |> List.sum

printfn "%d" sumOfSquares

C#:

var sumOfSquares = Enumerable.Range(1, 5).Select(x => x * x).Sum();

Console.WriteLine(sumOfSquares);

3) Functional-first WAlY OOP waz Imperative 1o
F# 1w functional ust 13i%1a OO/Imperative audnauuwIalinanzawle
3.1 Functional core: immutability, DU, pattern matching, pipelines
type Shape =
| Circle of radius: float

| Rectangle of width: float * height: float

let area shape =
match shape with
| Circle r -> System.Math.Pl *r * r

| Rectangle (w, h) -=>w * h

[ Circle 5.0; Rectangle (4.0, 6.0) ]

|> List.map area

|> List.iter (printfn "Area = %f")

3.2 OOP interop: class, interface, members
type IGreeter =

abstract member Greet : string -> string

/I class N3 constructor LALRNNTN
type Greeter(prefix: string) =
interface |Greeter with

member _.Greet name = $"{prefix}, {name}!"

let g = Greeter("Hello") :> IGreeter
printfn "%s" (g.Greet "F#")

3.3 Imperative: mutable/loops (‘l%'whﬁ:é"l vTw)

F# Programming: Beginner wih 4
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let mutable total = 0
foriin1..5do
total <- total + i
printfn "Total = %d" total
wwa i 1 functional lueni3udu usinluls mutablefloops tawnzganliitls:Tomsidnm

Uz ANTAINNIDANUTALINIIS

4) N30 63 .NET SDK uaz F# (nnunannasu)
uwei: Gaasaniivlodniinisves NET weldiusga (393 F# compiler/interactive anlwlu
SDK) La203298a1ua28 dotnet --version
4.1 @398 UNanINNNIDLI
dotnet --info
£ o . ' [ % [
windudaya SDK/Runtime uaadIndnsonltanuuaa
4.2 Windows (N19L8anganitad)
o MulAAAEIAAAI .NET SDK 3ALTUNIIMT LRINARAAIANTUAD Y
A U2
o W3alT winget:
winget install --id Microsoft.DotNet.SDK.8 -e
A & o @ o 4 A a <
wWisuwasnasTuliinanziuiusgaluanigmiaas
4.3 macOS
o ANUINAAMAAAT pkg INLILNNINNT LAHAAIATNTUA Y
o 73al% Homebrew (cask):
brew install --cask dotnet-sdk
na90aad 19 adtdanatl Terminal 1Nua35% dotnet --version
4.4 Linux (28819 Ubuntu/Debian)
o ADNaiuIRaLAN Microsoft package repository La1@aa9 dotnet-sdk @28 apt
o lasmldasdauaanlszuno: 1w repo — sudo apt-get update — sudo apt-get install
dotnet-sdk-<major>.<minor>
e AIAINALAIY dotnet —-info
A & 4 a o
4.5 ARMILATDIN DWW
e VS Code + @288 lonide (F#) &1L IntelliSense, F# Interactive, Debugger
« %38 Visual Studio (Windows) \8an workload .NET Desktop N3l F#
4.6 F# Interactive (REPL)
v v v a
naaadlaauuuldnaylaviug:

# vnaunaawasultuuud

F# Programming: Beginner wih 5
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dotnet fsi

# w30

fsi

1 REPL WaW:
>letadd ab =a + b;;

val add : a:int -> b:int -> int
> add 2 3;;

valit:int=25

WUW #quit;; LWaaanan REPL

5) @51911/519n6 F# Console App

ﬁﬁé’ﬁﬁugﬁu: dotnet new console -lang "F#" -o HelloFs

5.1 a59lusdnd

# MANBLA): dasldindaanunedtyizmesay F# innedysnsol # Aonauiuudun shel

# 21U Windows PowerShell, cmd, macOS, Linux Ieniiannn

dotnet new console -lang "F#" -o HelloFs
cd HelloFs
Tassasonle lasyszano):
HelloFs/
I— HelloFs.fsproj
L Program.fs
5.2 13Tl F# Adany

o s

o *fsproj: WAlUs13nd (NET SDK style). anaulna F# draa: danaulngazdm
muém"’uﬁi:qlu fsproj
e Program.fs: ﬁg‘@LéuIﬂiLm‘m (ﬁ main %38 top-level statements)
#188n9 Program.fs TaLaw:

open System

let square x = x * x

let sumOfSquares xs = xs |> List.map square |> List.sum

[<EntryPoint>]

let main argv =

F# Programming: Beginner wih 6
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let xs = [1..5]
printfn "Sum of squares = %d" (sumOfSquares xs)
0 // haanuzlUsis
5.3 suuazdan
dotnet run
# n3anau lnaLag 9
dotnet build
ABETINRANTD:
Sum of squares = 55
5.4 \iaLNLND NuGet (fagig)
dotnet add package FSharp.Data

1 v
ada g

NnuwlnlaasIuIInadslausnaaaslaeulng

& o a % % a
6) Lﬂaﬂaﬂlium%‘lﬂgﬂﬂﬁ
[ A v, . ' o

o #im functional \JwA38@W: 1% immutable way pure functions NAKLRND KINGAINIT
U3zANTAWABENITIIA mutable

« 1% DUIrecord unw class hierarchy AuHaw WNa kW domain model TALAUUAY pattern

T/

matching 18U
= ~ ¥ ¥ . .y w A ] =

o Bauswslanany pipe (|>) lttaz composition (>>) WWalwsuindlaw data-flow

e NAFBUUWIAAALY REPL (dotnet fsi) uadastnatnldsidng

o dnanaulnalu fsproj lgn lasnslwanidu dependency Tinawlnanldonuain

7) uuvdlnyia (Hands-on)
1. §aea .NET SDK uazida dotnet fsi nasfienamaridn factorial
let rec factorial n = if n <= 1 then 1 else n * factorial (n-1)
[0..6] |> List.map factorial
2. a3lUs.3nd dotnet new console -lang "F#" -o IntroFs UaaLA Program.fs 9
e %814 type Temperature = C of float | F of float
o L U8uWINTH toCelsius @28 match
o LFAINARNWSHY printfn
Fe8IaaLEN 9:
type Temperature = C of float | F of float
let toCelsius t =

match t with

F# Programming: Beginner wih 7
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|[Cc->c

| Ff->(f-32.0)*5.0/9.0

[C 30.0; F 86.0]
|> List.iter (fun t -> printfn "%A -> %.2f C" t (toCelsius t))

8) aiyilun

F# @anw functional-first U NET fin3TU Uaoass uwazyinusiuny ecosystem
NET 'léfiéiaft

LANEIIANN CH/VB.NET @lid‘ﬁlﬁ DU, pattern matching, pipe/composition, LRZNIIIANTT
option 1Nk null

Gaea NET SDK asaifisandauld F# I@iufi: dotnet —version, dotnet fsi

83791051 3nd lnene dotnet new console -lang "F#" L&33Ue8 dotnet run

Introduction to F# T#Lilw 3188218201398 (Deep Dive)

uN? 1: Introduction to F# 1y s18az1dumBIAN (Deep Dive) lasaslvy AW

Use0@an3, technical design, Mst3suLiauizednny CHVB.NET, 1ilas#ad functional-

first + runtime model, u,axﬂalnﬂ’li build/run 289 F# U .NET

| Deep Dive — U1 1: Introduction to F#

1) Ys220UazIMNIN1IVaY F#

AWALIA (2002-2005): Don Syme (140338 Microsoft Research Cambridge) Wa%131n
WWAau89 ML/OCaml Ut NET CLR — 'l#nnmn functional-first 854 interop 11U .NET
o

F# 1.0 (2005-2007): LHELNTIIDITULTN LT community adoption

F# 2.0 (2010): L‘ﬁI&I async workflows (X118% async/await Va4 C# %mslfl), computation
expressions

F# 3.0 (2012): 1AWy Type Providers (WanLnuduTaNa — query 1aYA strongly-typed
lag'lidaadiuu boilerplate)

F# 4.0-4.7 (2015-2019): Wawianugn ety .NET Core/Standard, L% syntax
features

F# 5.0-7.0 (2020-2023): UsaIN3nL .NET 5/6/7+, 13u1l39 performance, Ruhua1th

> dg
interop NU C# 9+/10+ QU

F# Programming: Beginner wih 8
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. ﬁﬁ]ﬁgﬁ%: ayﬂu .NET 8+, muld NET Foundation, community-driven
Lanﬁ'ﬂﬂtﬁﬁﬂﬁ'ﬁy: F# Aan1Inay “functional purity + pragmatic interoperability” — LanN@d
970 Haskell 7w pure at9id39@ udn b OO-first uuy C# — vl F# antugauaz

practical 193 production .NET ecosystem

2) ALARLAIAN

e Immutability by default: ¥)n binding (let) immutable ﬁ"\vl,&iixq mutable — 118
reasoning, parallelism, L@z concurrency

¢ Discriminated Unions (DU): v “sum types” ﬁl c# lifias9ar — 14 model domain 'l
TQ LT

o type Payment = Cash of decimal | Card of string * decimal

o Type Providers: (F# 3.0+) — &34 type 8@ LUN@31N schema 239 (173 JSON, XML,
DB) LLlUU compile-time safe — Productivity tool ‘ﬁlvl,zjwulu C#

e Computation Expressions: Syntax sugar powerful %% async { }, seq { }, task { },
monadic workflows —> ﬁ@]mjumﬁau Haskell monads W& lduwinenin

o Interop: M lausn3 .NET YIRUA (\3% Entity Framework, ASP.NET Core) lonufi laglaj

GadLliaw wrapper

3) ANNUANA19D1N C# / VB.NET (1B9An)
3.1 Paradigm
e C#IVB.NET: Object-Oriented-first, functional features WNINAUNTRA (LINQ, lambdas,
pattern matching Lﬁaaﬁu)
e F#: Functional-first, OO/imperative Sil secondary
3.2 Null Safety
o F# 1§ null lunwswan (dasld option<'T>), ¥inlwt compiler aTazav'le — aa
NullReferenceException
o C#: 4 nullable reference types UGG a4 opt-in
3.3 Type System
e F#: Structural Equality 1ae default (records, DU Lﬁ&luﬁ’lvlﬁﬁ‘uﬁ)
o C#: @84 override Equals/GetHashCode
3.4 Syntax & Boilerplate
o F#: 1@ functional pipeline, concise

o C#: 19 verbose syntax (Latheliilalnaiinlalassasniza)

F# Programming: Beginner wih 9
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| @m8¢19: Model Payment
Il F#
type Payment =

| Cash of decimal

| Card of string * decimal

let pay p =
match p with
| Cash amount -> printfn "Cash %.2f" amount
| Card (no, amount) -> printfn "Card %s paid %.2f" no amount
Il C#
public abstract record Payment;
public record Cash(decimal Amount) : Payment;

public record Card(string Number, decimal Amount) : Payment;

void Pay(Payment p) => p switch

{
Cash ¢ => Console.WriteLine($"Cash {c.Amount}"),

Card ¢ => Console.WriteLine($"Card {c.Number} paid {c.Amount}"),

_ => throw new ArgumentException()
2

= [ | C# 9+ 4 record LT switch pattern W9 verbose NN F#

4) Functional-first, OOP LLa& Imperative (Deep Dive)

¢ Functional-first: Immutability, DU, pipelines, recursion

e OOP: class, interface, inheritance — 14 interop N30 integrate AU framework

o Imperative: mutable state, loops, exceptions — 1‘*13”[67&@1'@11&5&13@%@1'1 default
Lﬁadﬁgd runtime model

o nnlda F# aanlwdidu IL (Intermediate Language) Ut CLR —> vihauindian C#

e F# types (records, DU) — aanlnaLdu NET classes/structs — 1%31n C#/VB.NET la

NN

e Async workflows — nanlnaLdu state machines U Task/IAsyncResult
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5) M3AAA9 .NET SDK uas F# (13938n)
e .NET SDK 374:
o C# compiler (csc)
o F# compiler (fsc)
o VB.NET compiler (vbc)
o dotnet CLI (dotnet)
e F# Interactive (fsi.exe) — REPL ﬁla’m’ﬁﬂi%a@ assembly, 1 NuGet package LU
interactive
¢ lonide (VS Code extension): L‘ﬁlu IntelliSense, project explorer, LAz integration U F#
Interactive
AHDUIDITW:
dotnet --list-sdks
1% fsi:

dotnet fsi

6) 13583191 5L9n¢ F# Console App (13980)
dotnet new console -lang "F#" -0 HelloFs
cd HelloFs
dotnet run
Tassasne
HelloFs/
|— HelloFs.fsproj # lU318nd (NET SDK style)
L Program.fs # laanan
adA:
o a1oulWalu fsproj dina — compiler azeu WA NEIGL — FaI3AL584 dependency
wgn
e Entry point: main function %380 top-level statements
e Build artifacts:
o /bin/Debug/net8.0/HelloFs.dll —> library

o /bin/Debug/net8.0/HelloFs.exe —> console app (Ui Windows)

7) @18819n13 Debug WULLBIAN

o 17 dotnet run --project HelloFs WatulUsiindnianzas

F# Programming: Beginner wih 11
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o 1% dotnet build -v diag Lﬁagi’ma:lﬁﬂ@mi build pipeline

o 17 dotnet fsi Inaa lWafiazuITvialNanTI980L logic

[ agihedn
o Fi# ﬁﬁugmmn OCaml U@ pragmatic N3UNTZ interop .NET L@l
. ﬁ;‘@]LLﬁaﬁa functional-first + .NET ecosystem (vl,ﬁﬁgd safety + practicality)
¢ UANEIIN CHVB.NET 7 0O-first lagase
« Gaes NET SDK asaidienldaw F# 1dasuns compiler, runtime, uas REPL
o  M38391UT13n6 dotnet new console -lang "F#" Lﬂuﬁlméwﬁ'ﬁﬁq@ wazdastnle Tl

fsproj + order 2aslna

ﬂszﬁua:qmd%mm F#

L dsza0vas F#

o AWNILIHA (2002-2005):
F# Qﬂwv@uuﬂ@ﬂ Don Syme %N33891N Microsoft Research Cambridge
'i;(ﬂLéuﬁamsﬂ@aaoﬁﬂLLmﬁ@madmm OCaml/ML ¥172u1U .NET CLR (Common
Language Runtime) Lﬁiaa‘:ﬁdﬂﬂﬂ’l functional ‘ﬁ'mmmﬁﬁmuimﬁu ecosystem Va4
NET 'lof

e F#1.0(2005-2007):
\Jadlugiuznim functional-first Ut NET wazfl community i3unasasls

o F#2.0(2010):
anUIT9lL Visual Studio 2010 atnaiduniams
'i;m@iuﬁgmﬂ'miﬂm —> Asynchronous Workflows (1118% async/await U89 C# #ang
1)

o F#3.0 (2012):
\Jaen Type Providers %aﬂuui’mmwéw@ﬁmﬁaga — mmsm%amiaﬁ'ufm&a
(4% Database, JSON, XML, Web API) Laz&34 type ﬁl strongly-typed 1asan luaie

o F#4.x (2015-2019):
Lﬁ'wqmauﬂ'ﬁlﬁammLiTﬂﬁ'u"L@Tﬂyu .NET Core
ﬂ%’uﬂ‘ga syntax LLaz performance ST Y

o F#5.0-7.0 (2020-1291iw):

¥N9UIINNL NET 5/6/7/8+

F# Programming: Beginner wih 12
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LT integration AU C# 9+ features, performance improvements W&z tooling (:3% VS
Code + lonide, Jupyter with F#)
o ot
F# 10 latwnzasan1a1d .NET Foundation
gﬂl‘f\‘l’mﬁﬂu’mmi Finance, Data Science, Machine Learning, Web/API

Development LRI 89N1T domain modeling Nuaaans

[ 9aanas F#
1. Functional-first
o lguuinig immutability (ﬁﬁLﬂﬁiﬂuvllivLﬁ), pure functions, higher-order functions
o 8a side-effect WAz bug TIENUL (state bugs)
2. Concise & Expressive
o Syntax NITTUNINATIE OO-first veing CH
o 7 pipeline (|>) L&z composition (>>) Mlrlaaauinion flow maoiaga
3. Strong Type System + Type Inference
o m'saaauaqmgnﬁam&m@i compile-time
o hidastszmea type ‘Ylﬂﬂ%\‘i —> compiler 1@ type ¢ (154 Haskell, Scala)
4. Pattern Matching & Discriminated Unions (DU)
o thlilaadanisnunsdidns 9 lasaaunin switchiif-else
o Domain modeling $18uazilaaant
5. Type Providers (tanansaizas F#)
o TreiTensany data source MUMANLAIRTI type Iilassalugd
o Productivity gomﬂlm’m data science, finance, Bl
6. Interop Nu .NET Ecosystem
o gldnnlauI NuGet, ASP.NET Core, Entity Framework, ML.NET
o smunsnsonltlda c#VBNET uazldmsmaiwsenld F# ldde
7. REPL (F# Interactive)
o suldafiazusmiaiianasadlaidis (ase Python, Scala REPL)
o @UNEINTLINK data science WAZNNT prototyping
8. Pragmatic Functional Programming
o F# laildu3au strict functional wuy Haskell

o AMEINIIDNEN OOP Laz imperative Iailawnnzay

F# Programming: Beginner wih 13
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] dhatnalAausasnnunszTuues F#

let numbers = [1..5]

let result = numbers |> List.map (fun x -> x * x) |> List.sum
printfn "Sum of squares = %d" result

L Wfsuny c#

var result = Enumerable.Range(1, 5).Select(x => x * x).Sum();

Console.WriteLine($"Sum of squares = {result}");

L &l
F# ﬁ"g@wﬁdmdﬁ functional-first + practical interop AU .NET ¥ l#inanenasns domain
modeling, data-intensive applications, finance, web APIs Lazsldun9tianNagI vy

dnRaINaaInIleans=sy Uaaast waz maintainable
AMNULANGAI9DIN C# / VB.NET luuSunaas F#

L anaunanagsz1ing F# nu C#/ VB.NET
WT9EUANMN (F#, C#, VB.NET) 9:¥1191%U% .NET runtime uazld .NET Base Class Library
(BCL) shunule LALWIAALAZIULL UM IBNLULMHUANANNUDLITALIH
1. Paradigm (42@an13t8awlilsunsa)
e F# — Functional-first
o aﬁfua‘q,u immutability, pattern matching, higher-order functions, algebraic data
types (Records, Discriminated Unions)
o ltlas9ains expression-based (‘Ylﬂﬁl\‘lﬁa expression ‘ﬁlﬁu@hvlﬁ)
o 378930 OOP ua imperative code udiliildnnaanuuuanidunan
e C#/VB.NET — OOP-first
o madpulusuningeing (Classes, Inheritance, Interfaces) tHuguenand
o ﬁmiaﬁfllakm functional programming U19&2% (1% LINQ, lambda expressions,

async/await) ke L4l BunwAaN8IA1181

2. Syntax UWAZANMNNIZTU
e F#
o ldanIeTl 81ude asenE functional 8% 9 LTw Haskell, OCaml

o 14 indentation i {} %38 begin/end

F# Programming: Beginner wih 14
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o # type inference Naaa ﬁﬂﬂ&iﬁaos:qmﬁ@ﬁaganﬂﬂ%
e C#/VB.NET
o Syntax Aaud14 verbose (lagianwie VB.NET)
o daslfia3aswune { (C#) wse End If / End Class (VB.NET)
o Type inference & (var 11 C#, Dim 1 VB.NET) ud ldaanaivinues F#
Arag19td3aian — N1IRINEIINVDY list
L F#
let numbers = [1; 2; 3; 4; 5]
let sum = List.sum numbers
printtn "Sum = %d" sum
Ll c#
var numbers = new List<int> {1, 2, 3, 4, 5};
var sum = numbers.Sum();
Console.WriteLine($"Sum = {sum}");
| VB.NET
Dim numbers As New List(Of Integer) From {1, 2, 3, 4, 5}
Dim sum = numbers.Sum()
Console.WriteLine("Sum = " & sum)

(] aziiuin F# Iﬂﬁ/@guﬂ’j’]LLﬂZlﬂﬁﬁUGﬁUﬂ’]iL‘ﬁU%g@liﬂfﬁ@]ﬂﬂﬁ@g

3. Immutability vs Mutability
o F#
o eisuduin immutable (1Wapuen1dle LTuudazlsznia mutable)
o 8% bug MINNIIUARGILLITERININIINIT
e C#/VB.NET
o eiSuduin mutable (1Uanudnleiana)

o dagld readonly %38 const LWaliAL immutability

4. N1SN19WNL Data Structures
o F#
o 4 Discriminated Unions (DU), Records, Pattern Matching MlAnsaans
Tayadugaurildiousziaaant
o \daulda declarative 11NN T8 logic 189 imperative

e C#/VB.NET

F# Programming: Beginner wih 15
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o 11 class uaz struct 1unan
o haifi DU lasiass (usl C# 9+ 94l record Uae pattern matching W &9 biNTING
LN F#)

5. Use Cases ﬁﬁﬂ&l
e F#
o 4UAY data science, financial modeling, machine learning, Al, scientific
computing
o mu‘ﬁ'ﬁaami parallelism / concurrency N
o Prototyping Ngasmslaansssu
e C#/VB.NET
o 414 enterprise applications, desktop apps, ASP.NET web apps, game
development (Unity)

o Ecosystem N31402190797

L squdan 9
o F# —> 1l Functional-first, laaaw, Uaaanuann bug, 1ANN=ALINY data-heavy /
scientific / financial

o C#/VB.NET — u1{1 OOP-first, ecosystem Lz, lnanziLauszuUTINILAN U

6 ' o '
3 Tﬂitlﬂi&lll%ﬁﬂ‘JZ&!ﬂﬁ I@ULL@]&Z@]'}E}UWG%Z{I‘

o [ Tassaslnalusiang

o [ Tdaudu'lng (Vs F# uaz CHVB.NET)
o [ éafuelda

o [ wan133% (Output)

1 @ragnslusunsaingin (Basic Examples)
1) Hello World

(1 Tasease

HelloWorld/

F# Programming: Beginner wih 16



L Program.vb (VB.NET)
| F# (Program.fs)
/I F# Hello World

open System

[<EntryPoint>]

let main argv =
printtn "Hello, World from F#!"
0

| c# (Program.cs)

/I C# Hello World

using System;

class Program {

static void Main(string[] args) {

Console.WriteLine("Hello, World from C#!");

}
| VB.NET (Program.vb)

' VB.NET Hello World

Imports System

Module Program

Sub Main(args As String())

Console.WriteLine("Hello, World from VB.NET!")

End Sub
End Module

L] asue:

4 o v A
g{uwuq’?{ammumiau

o F#lda printfn LW Console.WriteLine Wae entrypoint i [<EntryPoint>]

e CHVB.NET @238 Main method #iLilu static

] waans:

Hello, World from F#!
Hello, World from C#!
Hello, World from VB.NET!

F# Programming: Beginner
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2) Factorial (Recursive vs Loop)
| F# (Program.fs)
/I Factorial in F# (Recursive)
let rec factorial n =
if n =0 then 1

else n * factorial (n - 1)

[<EntryPoint>]

let main argv =
printfn "Factorial 5 = %d" (factorial 5)
0

| c# (Program.cs)

using System;

class Program {
static int Factorial(int n) {
if (n == 0) return 1;
return n * Factorial(n - 1);
}
static void Main(string[] args) {

Console.WriteLine("Factorial 5 = " + Factorial(5));

}
| VB.NET (Program.vb)

Imports System

Module Program
Function Factorial(n As Integer) As Integer
If n =0 Then
Return 1
End If
Return n * Factorial(n - 1)

End Function

F# Programming: Beginner
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Sub Main(args As String())
Console.WriteLine("Factorial 5 = " & Factorial(5))

End Sub
End Module
Ll aduna:

o F# 11 recursive 55501& twinzLdu functional-first

e C#/VB.NET fith recursive @ Ladadidian method TaLat
[ waaws:
Factorial 5 = 120

3) Collection: Square numbers
_| F# (Program.fs)

/I F# List Processing

let numbers = [1..5]

let squares = List.map (fun x -> x * x) numbers

[<EntryPoint>]

let main argv =
printfn "Squares: %A" squares
0

| c# (Program.cs)

using System;

using System.Linq;

class Program {
static void Main(string[] args) {
var numbers = Enumerable.Range(1, 5);
var squares = numbers.Select(x => x * x);

Console.WriteLine("Squares: " + string.Join(", ", squares));

}
|| VB.NET (Program.vb)

Imports System

F# Programming: Beginner
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Imports System.Linq

Module Program

Sub Main(args As String())

Dim numbers = Enumerable.Range(1, 5)

Dim squares = numbers.Select(Function(x) x * x)

Console.WriteLine("Squares: " & String.Join(

End Sub
End Module
L aBune:
o F#ld List.map E‘i&u N3ZTU
o C#/VB.NET 17 LINQ (Select)
[ waans:
Squares: [1; 4; 9; 16; 25]
Squares: 1, 4, 9, 16, 25
Squares: 1, 4, 9, 16, 25

", ", squares))

[ gradslusunsaiuninlszana (Applied Examples)

4) Word Count (3u@1 luaa34)
| F# (Program.fs)

let text = "F# is functional first but supports OOP"

let words = text.Split "'

let count = words |> Array.length

[<EntryPoint>]

let main argv =
printfn "Text: %s" text
printfn "Word Count = %d" count
0

|| c# (Program.cs)

using System;

class Program {

4 o v A
g{uwuq’?{ammumiau
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