                        Sierpinski‘s Triangle 
Source Code in Haskell and F#
www.paul-abraham.com/SierpinskiTriangle.zip 
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I am enjoying reading the book The Haskell School of Expression. This book teaches Haskell using graphics, multimedia, and so forth. Indeed, it is an interesting approach to teach a functional programming language than  Fibonacci series and factorial numbers. After reading the chapter 2                                             “ Simple Graphics “, I tried to transcript the source code in F#. Boy, I must tell you, I ran into problems. I tried with WPF and F# and it seems to be not a happy marriage. After trying out several things, I chose  DirectX  and Winforms . I modified the famous F# Demo for my purpose.( http://code.msdn.microsoft.com/fsharpsamples/Wiki/View.aspx?title=Home&version=2)
Sierpenski’s Triangle can be constructed by dividing a triangle in to three congruent triangles and repeating dividing step infinitely (program –technically   seen for a large number of iterations). The following  images  depict first 4 iterations:
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Now, it is time to write code. We will first look the code in Haskell which I obtained from the book.

fillTri :: Window -> Int -> Int -> Int -> IO ()

fillTri w x y size = drawInWindow w (withColor Blue (polygon [(x,y),(x+size,y),(x,y-size),(x,y)]))

minSize :: Int

minSize = 8

sierpinskiTri :: Window -> Int -> Int -> Int -> IO ()

sierpinskiTri w x y size

   = if size <= minSize

     then fillTri w x y size

     else let size2 = size `div` 2

      in do sierpinskiTri w  x  y        size2

            sierpinskiTri w  x (y-size2) size2

            sierpinskiTri w (x+size2)  y size2
> module SierpinskiTriangleTest   where

> import SierpinskiTriangle

> import SOE
> drawTriangle() 

>   = runGraphics (

>     do w <- openWindow "Sirpinski's Triangle" (400,400)

>        sierpinskiTri w 50 300 256

>        spaceClose w

>     )
As you can see, Haskell uses IO Monads to draw graphics (Plotting is a side effect), but F# is not pure; thus, we can allow side effects. It is a good idea to separate pure code from impure code. I use state monad to achieve it. Firstly I have to a module  “DirectXWindowMonad”  that capsules  DirectX functionalities and  then we will write the code for Sierpinski’s triangle. 
module DirectXWindowMonad

open System

open System.ComponentModel

open System.Drawing

open System.Windows.Forms

open Microsoft.DirectX.Direct3D

open Microsoft.DirectX

open FSharpDirectX

//type State<'a,'s> = | State of ('s -> 'a * 's)

type State<'a,'s> = State of ('s -> 'a * 's)

//val runState : State<'a,'b> -> 'b -> 'a * 'b

let runState (State s) initialState = s initialState

//val getState : State<'a,'a>

let getState = State (fun s -> (s,s))

//val putState : 'a -> State<unit,'a>

let putState s = State (fun _ -> ((),s))

//val evalState : State<'a,'b> -> 'b -> 'a

let evalState m s = runState m s |> fst

//val execState : State<'a,'b> -> 'b -> 'b

let execState m s = runState m s |> snd

type StateBuilder() =

 //member Return : a:'d -> State<'d,'e>

  member this.Return a = State (fun s -> (a, s))

  //member Bind : m:State<'a,'b> * k:('a -> State<'c,'b>) -> State<'c,'b>

  member this.Bind(m, k) = State (fun s -> let (a,s') = runState m s 

                                           in runState (k a) s')

  // member Combine : m1:State<'a,'b> * m2:State<'c,'b> -> State<'c,'b>

  member this.Combine(m1,m2)=State(fun s -> let (a,s1) = runState m1 s 

                                            in runState m2 s1)

let state = new StateBuilder()

//val ( >> ) : State<'a,'b> -> State<'c,'b> -> State<'c,'b>

let(>>)m1 m2=state.Combine(m1,m2)

type Point2D(x:float32,y:float32)=

     member v.X=x

     member v.Y=y

// val drawTriangle :

//    Point2D * Point2D * Point2D * System.Drawing.Color ->

//      State<unit,FSharpDirectX.DirectXRenderer>

let drawTriangle((p1:Point2D),(p2:Point2D),(p3:Point2D),color)=

       state{ let! (w:DirectXRenderer)=getState

              w.DrawTriangle((p1.X,p1.Y),(p2.X,p2.Y),(p3.X,p3.Y),color)

              return()}
Code for Sierpinski’s Triangle

open System

open System.ComponentModel

open System.Drawing

open System.Windows.Forms

open DirectXWindowMonad

open FSharpDirectX

type SmoothForm() as x = 

    inherit Form()

    do x.SetStyle(ControlStyles.AllPaintingInWmPaint ||| ControlStyles.Opaque ||| ControlStyles.UserPaint, true);  

//

//val fillTri :

//  float32 * float32 * float32 ->

//    DirectXWindowMonad.State<unit,FSharpDirectX.DirectXRenderer>

let fillTri(x,y,size)=

    let p1=Point2D(x,y-size)

    let p2=Point2D(x+size,y)

    let p3=Point2D(x,y)

    drawTriangle(p1,p2,p3,Color.Red)

let minSize=8.0f

//val sierpinskiTri :

//  float32 * float32 * float32 ->

//    DirectXWindowMonad.State<unit,FSharpDirectX.DirectXRenderer>

let rec sierpinskiTri(x,y,size)=

    if(size<=minSize) then fillTri(x,y,size)

    else 

      let size2=size/2.0f

      let t1=sierpinskiTri(x,y,size2)

      let t2=sierpinskiTri(x,y-size2,size2)

      let t3=sierpinskiTri(x+size2,y,size2)

      t1>>t2>>t3

let startProgram= let form 

                  = new SmoothForm(Visible = true, TopMost = true, 

                                             Text = "Sierpinski'sTriangle",

                                             ClientSize = Size(400,400),

                                         FormBorderStyle=FormBorderStyle.FixedSingle)

                  let w1=clearScreen(System.Drawing.Color.Azure)

                  let d=sierpinskiTri(50.0f,300.0f,256.0f)

                  let d2=w1>>d

                  let renderer = new DirectXRenderer(form)

                  runState d2 renderer |>ignore

enjoy (
