Caesar Cipher in F# and Haskell 
Source code: http://www.paul-abraham.com/CaesarCipher.zip
The roman empire Julius Caesar (100 B.C  -  44 B.C) used very simple encipher method to communicate with troops. This method substitutes each alphabet of a word with an alphabet from certain position further in alphabet system. If we use displacement-length 2 for the word “apple”,we will get  “crrng”.  This cipher method is very easy to crack because we have to check only 25 combinations and every language has characteristic distribution for its alphabets, just like finger print. The following diagram and the array (F#) depict the frequency of letters of English language. 



http://en.wikipedia.org/wiki/Letter_frequency
// frequency table for english language in percentage (F# array) 

//val en_table : (char * float) [] =             

let en_table=[|('a',8.2);('b',1.5);('c',2.8);('d',4.3);('e',12.7);('f',2.2);('g',2.0);('h',6.1);('i',7.0);

              ('j',0.2);('k',0.8);('l',4.0);('m',2.4);('n',6.7);('o',7.5);('p',1.9);('q',0.1);('r',6.0);

              ('s',6.3);('t',9.1);('q',2.8);('v',1.0);('w',2.4);('x',0.2);('y',2.0);('z',0.1)|] 

We can observe in the light of probability that alphabets e,i,o and t  occur often than alphabets j,q and x. In order to decipher the message, we have to find out, the shifted position of encoded message. All we need to do is to shift the ciphered message for all possible position(26 postions) and compare with the language-fingerprint to choose the most similar one. We will use chi-square statistics to gauge similarity. 
Functional programming languages allow us to break down complex problems in to small chunks and solve it in very natural way. Moreover, if we implement partial solutions abstractly and pack them in a common module and we can reuse it. Let’s go step by step and get hands dirty. I will implement this program in F# and Haskell and I got the Haskell code from Graham Hutton’s Book   “Programming in Haskell” which is used for the Erik Meijer’s lecture 

(http://channel9.msdn.com/shows/Going+Deep/Lecture-Series-Erik-Meijer-Functional-Programming-Fundamentals-Chapter-1/Default.aspx?wa=wsignin1.0)
1. We will implement a function which will map letters to a number in the range from 0 to 25 and we will operate on lower-case letters in order to keep the matter simpler.  
F#:

#light 

open System

//maps lower-case letters to corresponding integer numbers between 0..25

//val let2int : char -> int

let let2int(c:char) = let i =(int)c-(int)'a'

                i
Haskell:

module CaesarsCipher where

import Char

--maps lower-case letters to corresponding integer numbers between 0..25

let2int :: Char →  Int

let2int c =  ord c - ord 'a'
2. We need also an another function which maps integer numbers from 0 to 25  to corresponding letters.
F#:
// maps integer from 0..25 to corresponding letters 'a'..'z'

//val int2let : int -> char

let int2let(i:int) = let l=i+(int)'a'

                     (char) l

Haskell:
--maps integer numbers between 0..25 to 'a'..'z'

int2let :: Int →  Char

int2let n = chr(ord 'a'+n)
3. Now, we can compose previous functions to create a function that will move a letter for a given position in clockwise direction. 
F#:

// val shift : int * char -> char                

let shift(n,c) = match Char.IsLetter(c) with

                 |true-> int2let((let2int(c)+n)%26)

                 |false -> c

Haskell: 

-- shift a char  for a given position n

shift :: Int →  Char →  Char

shift n c | isLower c = int2let((let2int c+ n) `mod` 26)

               | otherwise = c
4. We can now write a function which encodes a string by shifting a given position:
F#:

// encodes a given word by shifting alphete by n position             

//  val encode : int * string -> System.String       

let encode(n:int,word:string)
= new String(word.ToCharArray()|>Array.map(fun c-> shift(n,c)))
Haskell: 

--encodes a given string by shifting n positions of each letters

encode  :: Int →  String →  String

encode n xs=[shift n x|x←  xs]
5. Due to differences on underlying framework (data structures, standard functions and so forth), it is a tedious task to write functions in one-to-one fashion between F#  and Haskell  as we done previously. Our task is in this section to write a function that takes a string and gives rate of recurrence of its letters in percentage. We get for the word “apple” following frequency array:
[|('a', 20.0); ('b', 0.0); ('c', 0.0); ('d', 0.0); ('e', 20.0); ('f', 0.0);

    ('g', 0.0); ('h', 0.0); ('i', 0.0); ('j', 0.0); ('k', 0.0); ('l', 20.0);

    ('m', 0.0); ('n', 0.0); ('o', 0.0); ('p', 40.0); ('q', 0.0); ('r', 0.0);

    ('s', 0.0); ('t', 0.0); ('u', 0.0); ('v', 0.0); ('w', 0.0); ('x', 0.0);

    ('y', 0.0); ('z', 0.0)|]
F#:

 // encodes a given word by shifting alphete by n position             

//  val encode : int * string -> System.String       

let encode(n:int,word:string)= 
new String(word.ToCharArray()|>Array.map(fun c-> shift(n,c)))

// counts a given a char in a word

//val count : char * string -> float

let count(c:char,word:string)= 
let f=Array.FindAll(word.ToCharArray(),new Predicate<char>(fun w->w=c))

(float)f.Length

// frequency table for a given word

//val freqTab : string -> (char * float) []

let freqTab(word) =let nCount=[|for x in 'a'..'z' -> x,count(x,word)|]

                   let sum = Array.sumBy(fun(i)->snd(i)) nCount

                   [|for x,c in nCount -> x ,c*100.0/sum|]

 Haskell:    
percent:: Int→  Int→  Float

percent n m = (fromIntegral n/ fromIntegral m)*100

lowers :: String→  Int

lowers xs = length[x|x←  xs,isLower x]

count :: Char→  String→  Int

count x xs = length[x'|x'<-xs,x≡x']

freqs    :: String →  [Float]

freqs xs =[percent (count x xs) n|x ←  ['a'..'z']]

          where n=lowers xs   
6. Finally, we can write the crack function. We calculate frequency-tables for a decoded message and measure the resemblance of letter-distribution using the chi-square statistic. We can find the definition for chi-square test in Wikipedia that states:
The value of the test-statistic is
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where

X2 = the test statistic that asymptotically approaches a χ2 distribution. 

Oi = an observed frequency; 

Ei = an expected (theoretical) frequency, asserted by the null hypothesis; 

n = the number of possible outcomes of each event. 

. 

As you can see, the used-rotation would take the smallest value( if encoded message is big enough and  represents language distribution) . 

F#:

//val chisqr : ('a * float) [] * ('b * float) [] -> float

let chisqr(a,b) =
let zTab=Array.zip(a) b

let sumTab=[| for e  in zTab-> ((snd(fst(e))snd(snd(e)))**2.0)/snd(snd(e))|] // e (char,float)*(char,flot)

Array.sum(sumTab)

// frequency table for english language in percentage

//val en_table : (char * float) [] =             

let en_table=[|('a',8.2);('b',1.5);('c',2.8);('d',4.3);('e',12.7);('f',2.2);('g',2.0);('h',6.1);('i',7.0);

              ('j',0.2);('k',0.8);('l',4.0);('m',2.4);('n',6.7);('o',7.5);('p',1.9);('q',0.1);('r',6.0);

              ('s',6.3);('t',9.1);('q',2.8);('v',1.0);('w',2.4);('x',0.2);('y',2.0);('z',0.1)|]      

let crack(word) = 
let chiTab =[ for r in 0..25-> r,chisqr(freqTab(encode(r,word)),en_table)]

let min=fst(List.minBy(fun(t)->snd(t)) chiTab)//min=26-shifted-position 

encode(min,word) 
Haskell:
--frequency table for english language

table :: [Float]

table=[8.2,1.5,2.8,4.3,12.7,2.2,2.0,6.1,7.0,0.2,0.8,4.0,2.4,6.7,

       7.5,1.9,0.1,6.0,6.3,9.1,2.8,1.0,2.4,0.2,2.0,0.1]

positions :: Eq a ⇒ a →  [a] →  [Int]
positions x xs = [i|(x',i)←  zip xs [0..n], x≡x']
                where n =length xs -1

-- rotates a list  anti-clockwise

rotate :: Int→  [a]→  [a]

rotate n xs = drop n xs ⊕ take n xs
-- chi square statistic

chisqr :: [Float]→  [Float] →  Float

chisqr os es = sum [ ((o-e)↑2)/e  |(o,e) ←  zip os es]

-- main function to crack the encoded message

crack     ::  String →  String

crack xs  =  encode (-factor) xs

          where

            factor =head(positions (minimum chitab) chitab)

            chitab = [chisqr (rotate n table') table |n ←  [0..25]]

            table' = freqs xs
Now, try to crack  "ot znk hkmottotm muj ixkgzkj znk nkgbkt gtj znk kgxzn"
Enjoy(
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