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Topics
 What is F# about?

~* Some Simple F# Programming

» A Taste of Parallel/Reactive with F#




What i1s F# about?

Or: Why is Microsoft investing in functional
programming anyway?




Simplicity




Economics




Fun! Fun! Fun!




Simplicity




//F# //C#

open System using System;

let a = 2 hamespace ConsoleApplicationl

console.writeLine a {

class Program

{

static int a(Q)

{
}

static void Main(string[] args)

{

return 2;

console.writeLine(a);




//F# //C#

open System using System;

ot & = 2 _ , namespace cConsoleApplicationl
console.writeLine a {

class Program

{

static int aQ)

{
}
static void Main(string[] args)

{
}

return 2;

console.writeLine(a);
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Pleasure Pain

abstract class Command

. {
type Command = Command of (Rover -> unit) public virtual void Execute():

let BreakCommand = Command(fun rover -> rover.Accelerate(-1.0)) ¥
abstract class MarsRovercCommand : Command

let TurnLeftCommand = Command(fun rover -> rover.Rotate(-5.0<degs>)) {

protected MarsRover Rover { get; private
set; }

public MarsRoverCommand(MarsRover rover)

{

this.Rover = rover;

}
class BreakCommand : MarsRovercCommand
{
public BreakCommand(MarsRover rover)
: base(rover)
{
}
public override void Execute()

{
Rover.Rotate(-5.0);

}
class TurnLeftCommand : MarsRovercCommand

{

public TurnLeftCommand(MarsRover rover)
: base(rover)

{
}
public override void Execute()

{
Rover.Rotate(-5.0);




Pleasure Pain

let rotate(x,y,z) = (z,X,Yy) Tuple<V,T,U> Rotate(Tuple<T,U,V> t)

{
return new Tuple<V,T,U>(t.Item3,t.Iteml,t.Item2);

let reduce f (x,y,z) = f x + fy + f z int Reduce(Func<T,int> f,Tuple<T,T,T> t)
{

return f(t.Iteml) + f(t.Item2) + f (t.Item3);
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Economics




Fun! Fun! Fun!




F#. Combining Paradigms

Functional Objects

Strong Typing Visual Studio F# Compiler
.NET OO Model

Type Inference _ _ _
Libraries F# Interactive

Data Types and

Patterns _ _
Interoperable Tools Visual Studio

1st Class Integration
Functions

Meta- Concurrency Debug

Programming Compact type-

Wor'lglowic, and inferred classes Lex and Yacc
gents




F#: The Combination Counts!

L|brar|es
Scalable Exploratlve

Succinct \ Interoperable
\ /\

Statically ..




F#. Combining Paradigms

I've been coding in F# lately, for a production task.

F# allows you to INn your programming style...
| start with pure functional code, shift slightly towards an
object-oriented style, and in production code, | sometimes
have to do some imperative programming.

| can start with a pure idea, and still finish my project with
realistic code. You're never disappointed in any phase of the
project!

Julien Laugel, Chief Software Architect, www.eurostocks.com




F#: Influences
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The Path to Mastering F#
Covered Today

Scoping and “let”

Tuples

Pattern Matching

Working with Functions
Sequences, Lists, Options
Records and Unions

Basic Imperative Programming
Basic Objects and Types

The F# Libraries

Advanced Functional/Imperative
Advanced Functional/OO
Language Oriented Programming

Covered Today
v
v
v
v
v
v
v
v
x
x
x

Parallel and Asynchronous




Quick Tour

Comments
[ conment

(* comment *)

[]] XM. doc conmment
let x = 1




Quick Tour

Overloaded Arithmetic

Addition

Subtraction
Multiplication
Division
Remainder/modulus
Unary negation

Booleans

hot expr Boolean negation
expr & & expr Boolean “and”
expr || expr Boolean “or”




Orthogonal & Unified Constructs

Type inference. The safety
of C# with the
succinctness _ of a scripting
language

« Let “let” simplify your life...

Bind a static value
let data = (1, 2, 3)

Bind a static function let f(a,b,c)
let sum=a + b + c
et g(x) = sum + x*x

g(a), g(b), g(c)

Bind a local value

Bind a local function




Demo: Let’'s WebCrawil...




Orthogonal & Unified Constructs

* Functions: like delegates + unified and simple

One simple
VM G :

1 mechanism, ion v predicate = 'a -> bool

(fun x -> x +
many

et - x o+ TS

Declare a

functior threadStart = unit -> unit

A pair

R comparer — 'a > 'a > int

(f,1)

val f : 1nt -> 1nt

= 'a -> 1int
A function type

equality = 'a -> 'a -> bool




F# - Functional

let f x = x+1

let pair X = (X, X)

let fst (X,y) = X

| et dat a (Sone [1;2;3], Sone [4,;5,6])

match data wth

Sone(nunmsl), Sone(nuns2) -> nunsl @ nuns2
None, Some( nuns) -> nuns

Some( nuns), None -> nuns

None, None -> failwth "mssing!"




F# - Functional

Li st. map Seqg.fold

Range
Array.filter Lazy Expressions | Set. uni on

Map LazyLi st eEvent s Async. . .
List via query

0.. 1000 |

. for x in 0..10 -> (X,

| for x in 0..10 -> (x, x * X) |]

seq { for x in 0..10 -> (x, X * x) }
IEnumerable
via query

X * X) ] Array via query




Immutability the norm...

// Part 1. Adjust some constants

let PI = 3.141592654 .
Data is immutable

PI <- 4.0 type Person = by default

: : { Name : string;
. This value is not Birth: DateTime }

Error List

let bob =
{ Name = "bob";
Birth = DateTime(15,6,1980) }

/S OK
let bobJunior =
{ bob with Birth = DateTime(23,5,2006) }

// Not OK!
Values may bob,Birth <- DateTime(23,5,2006)

not be |
changed ‘

Error List

&I 1 Error| | 1\ 0 Warning

Copy & Update

Description File

& 1  error FS0005: This field is not mutable test.fz




In Praise of Immutability

Immutable objects can be relied upon

Immutable objects can transfer between
threads

Immutable objects can be aliased safely

Immutable objects lead to (different)
optimization opportunities




F# - Imperative + Functional

Using .NET
_ | collections
open System Col | ecti ons. Generik

let dict = new Dictionary<int,string>(1000)

dict.[17] <- "Sevent een"
di ct.[1000] <- "One G and”

for (KeyVal ue(k,v)) in dict do
printfn "key = %, value = %" k v




F# - Imperative + Functional

‘use” =
C# “using”
open System | O

open System ¢ | ections. Generic

let readA”l Lines(file) =
use 1np = File. OpenText file
let res = new List< >()
whi l e not (I np. EndOF Stream do
res. Add(i np. ReadLi ne())
res. ToOArray()




F# - Sequences Sequence

Expressions and
On -demand I/O

open System 10O
let rec allFiles(dir) =
seq
{ for file in Directory.GtFiles(dir) do
yvield file
for sub in Directory. GetDirectories(dir) do
yield!' allFiles(sub) }

all Files(@C \WNDOAN5") | > Seq.take 100 | > show




Weakly Typed? Slow?

//F# //Ci#

#light using System;
open System

let a = 2
Console.WritelLine(a)

namespace ConsoleApplicationl

{

class Program

{

static int a()

_ {

o,

’, return 2;
"" }

atic void Main(string[] args)

Console.WritelLine(a);




-

Typed

Yet rich,
dynamic

Efficient

Yet succinct




F# - Imperative + Functional

Read lines on
demand

open System |1 O
let allLines =
seq { use inp = File. OpenText "test.txt"
whi |l e not (1 np. EndO Strean) do
yield (1 np. ReadLi ne()) }
Pipelines
al | Li nes
> Seq.truncate 1000
> Seg.map (fun s -> uppercase s, S)
> Seq.to _array




Why Object-Oriented Programming

Builds reusable components
Scalable design

Easier maintenance

Language of .NET/Java




Class Types

type ObjectType(args) =
let internalvalue = expr
Tet internalFunction args =
Tet mutable internalState =

member x.Propl = expr
member x.Meth2 args = expr

Interface Types

Constructing Objects type IObject =

Bl new FileInfo(@"c:\misc\test.fs") interface ISimpleObject
“ abstract Propl : type

abstract Meth2 : type -> type




F# - Objects + Functional

t ype Vect or 2D( dx: doubl e, dy: doubl e) =

Inputs to

menber v.DX = dx object
construction

menber v.DY = dy Exported
properties

nenber v.Length = sqrt (dx*dx+dy*dy)

nmenber v. Scal e(k) = Vect or 2D( dx*k, dy* k)

Exported
method




F# - Objects + Functional

t ype Vect or 2D( dx: doubl e, dy: doubl e) =

Internal (pre-
l et norn2 = dx*dx+dy*dy computed) values

and functions
menber v.DX = dx
nenber v.DY = dy
nmenber v.Length = sqgrt(nornk)

menber v. Norn2 = nornf




F# - Objects + Functional

Immutable
iInputs

t ype Huf f mranEncodi ng(freq: seg<char*int>) =

< 50 lines of beautiful functional code)
Internal

tables

menber X. Encode(input: seq<char>) =

encode( | nput) Publish
adCCesSS

menber X.Decode(input: seq<char>) =
decode( | nput)




F# - Objects + Functional

t ype Vector2D(dx: doubl e, dy: doubl ) =

Internal state
| et nut abl e currDX = dx

| et nutable currDX = dy

menber v. DX = curr DX | Publish
Internal state

menber v.DY curr DY

menber v. Mve(x,y) = Mutate internal
curr DX <- curr DX+x state
curr DY <- currDY+y




F# - Language Oriented

Embedded
Language
type ProplLogic =
And of PropLogic * ProplLogic
Not of ProplLogic
True

Crisp
let rec Eval (prop) = Semantics
mat ch prop wth
And(a, b) -> Eval (a) && Eval (b)
Not (a) -> not (Eval (a))
True -> true




Case Study

The adPredict Competition




& Live Search: red shoes - Windows Internet Explorer

e
@U - |3" http:ff'search.Ii\.-'g.com{-‘results.aspx?gzred+shoes&mktzen-gb&FORl\d:L\f’CP x | "?I A | | goto

File Edit ‘iew Favorites Tools  Help
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5§ dhr | B Live Search: red shoes | .}:?# g E:J g oow cobPage v (COF Tools»

@ Live Search ign in 47 [

Web Images Mews Maps Classifieds Morew AcadernicBeta
red shoes ¢

Red Shioes 01 eBay - www chay ca Uk
Fantastic prices on women's shoes, Feed your passion on eBay co. uk Buy Women's Footwear
Eiry Red 8hoes - wuww Feemons com ttan oo Lk Bas what you need.
Buy from the official Freemans site with fast & free home delivery., staboie Bftee Home sl
Bograttan. ook
Eily B Save ori Red shioes - www montane co Ul .
| adies can shop online at montage & enjoy a 10% first order discount! red shoes
Shopping for shoesy See them on our
HEHSHGES fa;hn:m S|vte.
e B .. R . . thipkfachion com
20028« EEROHY2— (Lot =200 SEERCES! ZELL L DL —LHBOFSD
FTIRGED Red Shoes at BizFate

ww redshoes. jp Compare thousands of UK shops to
find consumer reviews B low prices,

Two Red Shoes: Mews bizrate oo uk

28 th March: New Prices. Please see the new prices for Pilates , Personal Training
and Sports Massage Therapy ! Gift vouchers are now available., Whether you want shep for

to treat someone to a massage or give ... Buy at SHOF.COM, Tons of shoe
www, tworedshoes. co.uk stotes Ut obie websitel

shiop . com

Two Red Shoes: Mews

31 st March: Street Team Required. two red shoes is looking for people to
join its street team. To fulfil this role you will be highly motivated, energetic
and dedicated to customer service,

www tworedshoes.co.uk/news.php

Red Chili Shoes

Red Chili Shoes : The Best Rock Shoes In The Waorld : Red Chili shoes are the
coolest shoe brand out there and Wild Country is proud to be a part of the team,
as a distributor, part owner and ...

www wildocountry, co.uk/Products/RedChiliShoes

Blood Red Shoes Tour Dates & Tickets

Comprehensive and up-to-date guide to what's on in the UK, including live music,
clubs, cinema ... Blood Red Shoes - Blood Red Shoes are a girl/boy guitar/drums
shout-rock duo from London ...

Done & Internet | Protected Made: On F100% v

\ ~ [ - || o I v
e HE AR L2t v @hbox-. VIMIT 2 Wi 250 . 80 adCen.. emacs... || [ CADEV.. @ SUBST.. | < @ =W 1603




F# and adCenter

4 week project, 4 machine learning experts

100million probabillistic variables
Processes 6TB of training data

Real time processing




F#'s powerful type

AdPredict: What We Of .- o e

Quick Coding
Agile Coding
Scripting
Performance
Memory-Faithful

Succinct

Symbolic

.NET Integration

typing, more thinking

Type-inferred code is
easily refactored

“Hands-on” exploration.

Immediate scaling to
massive data sets

mega-data structures,
16GB machines

Live in the domain,
not the language

Schema compilation

_ and tCahedules”
Especially Excel, SQL

Server




F# Async/Parallel
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F# - Concurrent/Reactive/Parallel

Multiple threads of execution
These execute simultaneously
. Computations that complete "later"

Waiting and responding is normal




Why Is It so hard?

To get 50 web pages in parallel?

To get from thread to thread?

To create a worker thread that reads
messages?

To handle faillure on worker threads?




Why Isn’t it this easy?

| et Processl mges() =
Async. Run
(Async. Par al | el
[ for i in 1 .. num mges -> Processlinmage(i) ])

4




Why Isn’t it this easy?

|l et task =
async { ...
do! Sw t chToNewThr ead()

do! SwitchToThr eadPool ()

do! Sw tchToGui Thread()
. |




Simple Examples

Compute 22
and 7 in
parallel

Async. Parallel [ async { -> 2*2 + 3*6 };
async { -> 3 +5 - 11} ] Get these
three web
pages and wait

until all have
Async. Paral | el [WebRequest. Async "http://ww.live.co come back

WebRequest . Async "http://ww. yahoo. con™
WebRequest . Async "http://ww. googl e. cont' ]

let parArrMap f (arr: _[]) =
Async. Run (Async.Parallel [| for x in arr -> async { ->f x } |[])

Naive Parallel Array
Map




{

using System;
using System.IO;
using System.Threading;

public const String ImageBaseNam
public const int numImages = 200
public const int numPixels = 512

// ProcessImage has a simple O(N
// of times you repeat that loop
// bound or more IO-bound.

public static int processImageRe

// Threads must decrement NumIma
// their access to it through a
public static int NumImagesToFin
public static Object[] NumImages
// WaitObject is signalled when
public static Object[] WaitObjec
public class ImageStateObject

{

Taming Asynchronous |/O

public class BulkImageProcAsync

public byte[] pixels;

{

public static void ReadInImageCallback(IAsyncResult as

ImageStateObject state = (ImageStateObject)asyncRe
Stream stream = state.fs;
int bytesRead = stream.EndRead(asyncResult);
if (bytesRead != numPixels)
throw new Exception(String.Format
("In ReadInImageCallback, got the wrong nu
"bytes from the image: {0}.", bytesRead));
ProcessImage(state.pixels, state.imageNum);
stream.Close();

// Now write out the image.

// Using asynchronous I/O here appears not to be b

// It ends up swamping the threadpool, because the}

// threads are blocked on I/O requests that were ji

// the threadpool.

FileStream fs = new FileStream(ImageBaseName + stal
".done", FileMode.Create, FileAccess.Write, Fil
4096, false);

fs.Write(state.pixels, ©, numPixels);

fs.Close();

async { let
let!
let
let
do!
do

let ProcessImageAsync () =

inStream = File.OpenRead(sprintf "Image%d.tmp" i) ible is a good
pixels = inStream.ReadAsync(numPixels)

pixels' = TransformImage(pixels,i)

outStream = File.OpenWrite(sprintf "Image%d.done" 1)
outStream.WriteAsync(pixels') now.

Console.WritelLine

let ProcessImagesAsyncWorkflow() =
Async.Run (Async.Parallel

[ for i in 1 ..

numImages -> ProcessImageAsync i ])

much memory.

"done!" }

public static void ProcessImagesInBulk()

Console.WriteLine("Processing images... ");
long t@ = Environment.TickCount;
NumImagesToFinish = numImages;
AsyncCallback readImageCallback = new
AsyncCallback (ReadInImageCallback);
for (int i = @; i < numImages; i++)
{
ImageStateObject state = new ImageStateObject();
state.pixels = new byte[numPixels];
state.imageNum = i;
// Very large items are read only once, so you can make the
// buffer on the FileStream very small to save memory.
FileStream fs = new FileStream(ImageBaseName + i + ".tmp",
FileMode.Open, FileAccess.Read, FileShare.Read, 1, true);
state.fs = fs;
fs.BeginRead(state.pixels, ©, numPixels, readImageCallback,
state);
}

//_Determine whether all images are done being processed.
// block until all are fipi
bool mustBIO
lock (NumImagesMute
{

Processing
200 images in
parallel

e}")

if (NumImagesToFinish > @
mustBlock = true;

}
if (mustBlock)
{
Console.WriteLine("All worke ooy ge
" Blocking until they complete. numLeft:
NumImagesToFinish);
Monitor.Enter(WaitObject);
Monitor.Wait(WaitObject);
Monitor.Exit(WaitObject);
}
long t1 = Environment.TickCount;
Console.WriteLine("Total time processing images: {@}ms",
(t1 - t0));



8 Ways to Learn

FSl.exe http://cs.hubfs.net

Codeplex Fsharp

Samples Included Sampigl

Go to definition Books

Lutz’ Reflector ML




Books about F#

Visit www.fsharp.net




Getting F#

« September CTP released (1.9.6)

* Focus on Simplicity, Reqgularity, Correctness

* Next stop “Visual Studio 2010




Questions & Discussion
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