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• There are 5 questions with maximum 8 + 10 + 6 + 7 + 9 = 40 points. Grading:

Chalmers: 3 = 20–26 points, 4 = 27–33 points , 5 = 34–40 points
GU: G = 20–33 points, VG = 34–40 points

• Results: latest approximately 10 days.

• Permitted materials:

– Dictionary

• Please read the following guidelines carefully:

– Read through all Questions before you start working on the answers.

– Begin each Question on a new sheet.

– Write clearly; unreadable = wrong!

– For each part Question, if your solution consists of more than a few lines of Haskell
code, use your common sense to decide whether to include a short comment to
explain your solution.

– You can use any of the standard Haskell functions listed at the back of this exam
document.

– Full points are given to solutions which are short, elegant, and correct. Fewer
points may be given to solutions which are unnecessarily complicated or unstruc-
tured.

– You are encouraged to use the solution to an earlier part of a Question to help
solve a later part — even if you did not succeed in solving the earlier part.
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1. (8 points) For each of the following definitions, give the most general type, or write ”No
type” if the definition is not correct in Haskell.

fa x = x : x

fb x = x ++ x

fc x y = show (x !! y)

fd = filter fst

Solution:

--fa :: No Type

fb :: [a] -> [a]

fc :: Show a => [a] -> Int -> String

fd :: [(Bool,a)] -> [(Bool,a)]

2. (10 points)

(a) (3 points) Define a function scramble that takes a list and puts all the elements
at even positions before the elements at odd position. Positions are numbered
starting at 0, so the first element is at an even position. The function should run
in linear time and its type should be as general as possible.

Examples:

scramble [0..10] == [0,2,4,6,8,10,1,3,5,7,9]

scramble "Functional Programming" == "Fntoa rgamnucinlPormig

(b) (3 points) Define a function unscramble that is the inverse of scramble. The
function should run in linear time and its type should be as general as possible.

Examples:

unscramble [0,2,4,6,8,10,1,3,5,7,9] == [0,1,2,3,4,5,6,7,8,9,10]

unscramble "Fntoa rgamnucinlPormig" == "Functional Programming"

(c) (2 points) Define a function iter that applies a function a given number of times
to its argument.

iter :: Int -> (a->a) -> a -> a

Examples:

iter 0 (*2) 1 = 1

iter 5 (*2) 1 = 32

(d) (2 points) Define a QuickCheck property that expresses that scrambling a list n
times and then unscrambling it n times gives you the original list back. Make sure
you avoid problems with negative numbers.
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Solution:

-- (a)

scramble :: [a] -> [a]

scramble xs = evenElements xs ++ oddElements xs

where

evenElements [] = []

evenElements (x:xs) = x:oddElements xs

oddElements [] = []

oddElements (x:xs) = evenElements xs

-- (b)

unscramble :: [a] -> [a]

unscramble xs = alternate xs1 xs2

where

(xs1,xs2) = splitAt (n-half) xs

n = length xs

half = n ‘div‘ 2

-- A useful helper function

alternate :: [a] -> [a] -> [a]

alternate (x:xs) ys = x:alternate ys xs

alternate _ _ = []

-- (c)

iter n f x = iterate f x !! n

-- (d)

prop_scramble :: Eq a => Int -> [a] -> Bool

prop_scramble n xs = iter p unscramble (iter p scramble xs) == xs

where p = abs n

-- Note: the property holds for all types that fit the above type

-- signature, but when testing with QuickCheck you need to pick a

-- specific type e.g. Int -> [Int] -> Bool

3. (6 points)

(a) (2 points) Define a function that generates a random vowel (i.e. one of the letters
in the string "aeiouy"), and a function that generates a random consonant (i.e. a
letter a-z that is not a vowel).

rVowel, rConsonant :: Gen Char

(b) (4 points) Write a random password generator.
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randomPassword :: Gen String

The passwords should be random sequences of letters, but to make them easier to
remember, every other letter should be a consonant, and every other letter should
be a vowel. Use rConsonant and rVowel from above to generate the consonants
and vowels. The length of the passwords should vary randomly between 8 and 10.

Here are a few examples of passwords generated in this way: xazybenu, bilikocy,
nohuruci, bisiqamotu, dixygahoba, huwamapun.

Solution:

-- (a)

rVowel = elements vowels

rConsonant = elements ([’a’..’z’]\\vowels)

vowels = "aeiouy"

-- (b)

randomPassword = do len <- choose (8,10)

let half = len ‘div‘ 2

vowels <- vectorOf half rVowel

consonants <- vectorOf (len-half) rConsonant

return (alternate consonants vowels)

-- Note: alternate is the helper function defined in 2b

4. (7 points) Write a simple spelling checker, i.e., a function that reads a dictionary and
a text file and checks that all words in the text are spelled correctly according to the
dictionary.

checkSpelling :: FilePath -> IO [(String,Int)]

The argument is the name of the file to check. The result is a list of misspelled words
paired with the line number of the line they appeared on.

Assume that there is a function that loads the dictionary and returns a pair of functions:

loadDictionary :: IO (String->[String],String->Bool)

The first function in the pair splits a string into words and removes punctuation. The
second function checks if a word is spelled correctly.

In addition to the functions listed at the back of this exam, the following library function
might be useful:

-- readFile reads the contents of a file

readFile :: FilePath -> IO String

-- File names are strings.

type FilePath = String
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Solution:

checkSpelling path = do dictFns <- loadDictionary

text <- readFile path

return (checkSpelling’ dictFns text)

-- Alternatively:

-- checkSpelling path = checkSpelling’ <$> loadDictionary <*> readFile path

checkSpelling’ :: (String->[String],String->Bool) -> String -> [(String,Int)]

checkSpelling’ (lexer,check) s =

[(word,n) | (n,line) <-zip [1..] (lines s),

word <- nub (lexer line),

not (check word)]

5. (9 points)

(a) (3 points) Define a recursive data type Expr to represent arithmetic expressions
with numbers, variables, addition and multiplication. Let the numbers have type
Double and the variable names be represented as strings.

type Name = String

data Expr = ...

(b) (3 points) Define a function that computes the value of an expression, given an
association list with the values of the variables. The function is allowed fail if it
encounters an unknown variable.

valueOfExpr :: [(Name,Double)] -> Expr -> Double

(c) (3 points) Let a list of definitions x1 = e1, ..., xn = en be represented as a list
of pairs of variable names ane expressions. Define a function that computes the
values all the variables defined in a list of definitions.

valuesOfDefinitions :: [(Name,Expr)] -> [(Name,Double)]

Note that thanks to lazy evaluation, this definition can be very simple. You don’t
need to worry about in which order to compute the definitions, lazy evaluation takes
care of that. You can assume that the list of definitions is free from circularities,
e.g. x = y, y = x. (It’s OK if the function crashes or loops if there are circularities.)

Example:

e1, e2, e3 :: Expr

e1 = ... -- the representation of x+1 in your data type

e2 = ... -- the representation of y+2*x in your data type

e3 = ... -- the representation of 3 in your data type

eqns = [("y",e1),("z",e2),("x",e3)]

prop_values = valuesOfDefinitions eqns == [("y",4),("z",10),("x",3)]
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Solution:

-- (a)

data Expr = Const Double | Var Name | Add Expr Expr | Mul Expr Expr

deriving Show

-- (b)

valueOfExpr env (Const c) = c

valueOfExpr env (Var x) = fromJust (lookup x env)

valueOfExpr env (Add e1 e2) = valueOfExpr env e1 + valueOfExpr env e2

valueOfExpr env (Mul e1 e2) = valueOfExpr env e1 * valueOfExpr env e2

-- (c)

valuesOfDefinitions eqns = values

where values = [(x,valueOfExpr values e)|(x,e)<-eqns]
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