F#   Code to Structure and Interpretation of Computer programs 
Source Code: http://www.paul-abraham.com/SICP.zip
I love and enjoy reading the book “Structure and Interpretation of computer Programs” (http://mitpress.mit.edu/sicp/) but examples of this book are written in Lisp. Right now, I am learning F# and I think that it is a great opportunity to acquire practice with this great language.  
1. Square Root by Newton’s Method (1.1.7 in the Book)
We want derive and implement Babylonian Square Root algorithm. Say, we want to find the square root of  a real number [image: image2.png]r€R



.  The Babylonian Square Root algorithm can be expressed as follows: 
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We can derive this algorithm using Newton method: [image: image8.png]L(xy)
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-r  and the positive root of this function would be square root of r. That is 
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It is time to code the algorithm:
#light

open System

let average (x:double) (y:double)=(x+y)*0.5

let good_enough (guess:double) (x:double) = Math.Abs(guess*guess-x)<=0.00000001

let improve (guess:double) (x:double) = average guess (x/guess)

let rec sqrt_iter guess x = let c=good_enough guess x 

                            if c then 

                               guess 

                            else 

                               let i=improve guess x

                               printfn "improved %f" i

                               sqrt_iter i x

let sqrt x= sqrt_iter (x/2.0) x

let answer = sqrt 25.0

printfn "answer is %f" answer
You have to very careful with braces in F#, if you write the function 

let improve (guess:double) (x:double) = average guess x/guess 

then F# compiler  will understand   the function like  average(guess,x)/guess .

2. Linear Recursion and Iteration (Tail Recursion)   (1.2.1 in the Book)
In this section, we will write two trivial functions in two different ways. Both versions are have the same runtime complexity and they are recursive, but compiler interprets these versions differently. It is very crucial understand the issue because linear recursive process may cause stack-overflows.You  can read more about tail-recursion in Expert F#  Book (page 199).
Quote from Expert F#: A tail-call is simply  any call that is the last piece of work done by function. When a tail-call is made, the .Net Runtime can drop the current stack frame before executing the target function, rather than waiting for the call to complete.
#light

// Linear Recursion and Linear Iteration (Tail Recursion)

// Factorial

//Linear Recursion

let rec factorial n = printfn "Calling factorial %d" n

                      if(n=1) then

                        1

                      else

                        n * factorial (n-1)

let a=factorial 6

printfn "(factorial)6!=%d" a

// Iteration

let rec factorial_iter_step product counter max = 

   if counter > max then

     product

   else

     factorial_iter_step (product*counter) (counter+1) max

let factorial_iter n=factorial_iter_step 1 1 n

let b=factorial_iter 6

printfn "(factorial_iter) 6!=%d" b

// Sum Ex 1.9

let rec sum_iter a b=  printfn "sum_iter "  

                       if a=0 then

                         b

                       else

                         printfn "called sum_iter a=%d b=%d" a b

                         sum_iter (a-1) (b+1)

let x=sum_iter 2 1

printfn "sum_iter %d" x

let rec sum_rec a b =  printfn "sum_rec " 

                       if a=0 then

                         b

                       else

                         printfn "called sum_rec a=%d b=%d" a b

                         (sum_rec (a-1) b)+1

let y=sum_rec 2 1

printfn "sum_rec result %d" y
3. Formulation Abstractions with Higher Order Functions(1.3.1 in the Book) 
A function is called higher order function if it takes functions as arguments and return a function. Say, you have a family of algorithm and each of them differs from one another in some steps, but there is common basic patter. In object oriented world, you will use typically the Strategy–Pattern to tackle this kind of problem.

// High Order Function

#light

// sum integers

let rec Sum_Integers a b= if (a>b)then 0

                          else

                            a+ (Sum_Integers (a+1) b)

let sm=Sum_Integers 10 12

printfn "Sum_Integers %d" sm

// sum cube

let cube x=x*x*x

let rec Sum_Cube a b= if(a>b) then 0

                      else

                       (cube a)+(Sum_Cube (a+1) b)

let sc=Sum_Cube 1 3

printfn "Sum_Cube %d" sc

// sum PI

// 1/1*3 + 1/5*7+1/9*11+.....->PI/8

let rec Sum_Pi (a:double) (b:double)= 

                if (a>b)then 0.0

                else  

                   (1.0/(a*(a+2.0)))+Sum_Pi (a+4.0) b

let pi =8.0*Sum_Pi 1.0 6800.0

printfn "PI %f" pi

//  sum using high order function 

let rec hofSum((term:float->float),(a:float),(next:float->float),(b:float))=

        if(a>b) then 0.0

        else

          (term a)+hofSum(term,(next a),next,b)

let hofSumCube a b=hofSum((fun x->x*x*x),a,(fun x->x+1.0),b)

let gsc=hofSumCube 1.0 3.0

printfn "hofSumCube %f" gsc

let hofSumPi a b=hofSum((fun x->(1.0/(x*(x+2.0)))),a,(fun x->x+4.0),b)

let hofPi =8.0*(hofSumPi 1.0 6800.0)

printfn "hofPiPI %f" pi

4. Data Abstraction (2.1.1 in the Book)
 Data abstraction deals with the question, how  to compose compound data from primitive types. SICP states : Data abstraction is a methodology that enables us to isolate how a compound data object is used from the details of how it is constructed from primitive data object.
We will firstly implement a solution which is similar to the SICP text book . It uses tuples  as primitive data structure. Indeed, tuples are very straightforward   and powerful  primitive data structure in functional programming  ,but on the other hand, we have to consider, whether  these primitives  are suitable for .Net platform  in the era of SOA or  cloud computing. 
#light

// calculate the greatest common divisor of

// two numbers using Euclidean algorithm

//gcd : int * int -> int

let rec  gcd(a,b)= if b=0 then

                     a

                    else

                     gcd(b,(a%b))

// Test of gcd                    

let k= gcd (9,12)

printfn "The gcd of 9 and 12 is %d" k

// constructs a ratinal number

// by taking numerator and denominator 

// make_rat : int -> int -> int * int

let make_rat n d = let g=gcd(n,d)

                   (n/g,d/g)

// selectors of compound data

let numer(a:int*int)=fst(a)

let denom(a:int*int)=snd(a)

let print_rat(a:int*int)=let n=numer(a)

                         let d=denom(a)

                         printfn "(%d/%d)" n d

//  adds two ratinal numbers

// add_rat : (int * int) * (int * int) -> int * int

let add_rat(x,y)=let n =numer(x)*denom(y)+numer(y)*denom(x)

                 let d= denom(x)*denom(y)

                 make_rat n d

// addition test

let x=make_rat 4 2

let y=make_rat 2 4

let add_result =add_rat(x,y)

print_rat(add_result)

//sub_rat : (int * int) * (int * int) -> int * int

let sub_rat(x,y)=let n =numer(x)*denom(y)-numer(y)*denom(x)

                 let d= denom(x)*denom(y)

                 make_rat n d

// subtraction test

let c=make_rat 2 2

let d=make_rat 2 4

let sub_result =sub_rat(c,d)

print_rat(sub_result)
Now let us look a WCF Implementation of this problem. I think that plain  objects  (objects   that has only  properties , not embodies heavy logic)  would be  suitable  primitives for SOA or Cloud computing.  
#light

#I @"C:\Program Files\Reference Assemblies\Microsoft\Framework\v3.0";;

#r "System.ServiceModel.dll"

#r "System.Runtime.Serialization.dll"

open System

open System.Runtime.Serialization

open System.ServiceModel

open System.ServiceModel.Description

// This is a implementation rational numbers in WCF Style

// calculate the greatest common divisor of

// two numbers using Euclidean algorithm

//gcd : int * int -> int

let rec  gcd(a,b)= if b=0 then

                     a

                    else

                     gcd(b,(a%b))

[<DataContract>] 

type RationalNumber(n:int,d:int)=

   let di=gcd(n,d)

   let mutable num =n/di

   let mutable den =d/di

   [<DataMember(Order=1)>]

   member o.Numerator with get()=num and set(v)=num<-v

   [<DataMember(Order=2)>]

   member o.Denominator with get()=den and set(v)=den<-v

[<ServiceContract(Namespace="http://www.abraham-consulting.biz/RationalNumberService")>]

// definition of WCF Service

type IRationalService = interface

   // enables this method to participate in WCF Service

   [<OperationContract>]

   abstract Add: a:RationalNumber*b:RationalNumber ->RationalNumber

end

// Service Implementation

[<ServiceBehavior(ConcurrencyMode = ConcurrencyMode.Multiple, InstanceContextMode = InstanceContextMode.Single)>]

//Specifies the internal execution behavior of a service contract implementation

type RationalService()=

   interface IRationalService with

      member o.Add(x,y)= let n =(x.Numerator*y.Denominator)+(y.Numerator*x.Denominator)

                         let d = x.Denominator*y.Denominator

                         new RationalNumber(n,d)

/// constructs a service host with ws and tcp binding 

let createServiceHost(wsUri:string,tcpUri:string)= 

      let uri = new Uri(wsUri)

      // Create a service host

      let sh = new ServiceHost((typeof<RationalService>),[|uri|])

      // add web service channel

      sh.AddServiceEndpoint((typeof<IRationalService>),new WSHttpBinding(),"ws")|>ignore

      // add tcp channel

      sh.AddServiceEndpoint((typeof<IRationalService>),new NetTcpBinding(),tcpUri)|>ignore

      // enable metadata behaviour to create client proxy

      let smb = new ServiceMetadataBehavior()

      smb.HttpGetEnabled<-true

      sh.Description.Behaviors.Add(smb)

      sh

// creates service host and open 

let servicehost = createServiceHost("http://localhost:2008/RationalService","net.tcp://localhost:2009/RationalService/tcp")

servicehost.Open()

// open visual studio 2008 Command prombt and type:wcftestclient http://localhost:2008/RationalService

// to test service

//servicehost.Close()

You can start this service and then open Visual Studio Command 2008 prompt  and type: wcftestclient http://localhost:2008/RationalService
