
Advanced Functional Programming

Re-Examination

Examiner: Cezar Ionescu

Remark concerning the evaluation of solutions: Each of the following exercises
has a weight of ten points. In case there are several sub-questions within an
exercise, I have listed the number of points allotted to each.

1. Consider the following datatype of non-empty lists:

data List1 a = Wrap a | Cons a (List1 a)

Define foldList1 (5pts) and unfoldList1 (5pts), the fold and unfold func-
tions for this datatype.

2. Derive the fold-fusion law for List1 a (10 pts). That is, find sufficient
conditions such that

f ◦ foldList1 g1 h1 = foldList1 g2 h2

3. List1 is a functor. Give the corresponding instance declaration (5pts) and
show that the functor laws are satisfied (5pts).

4. The functions maxList1 and minList1 compute the greatest and least
element of a non-empty list, respectively:

maxList1 :: Ord x ⇒ List1 x → x
maxList1 = ...
minList1 :: Ord x ⇒ List1 x → x
minList1 = ...

Define maxList1 and minList1 as folds (5pts). Define fmap from the
previous exercise as a fold (5pts).

5. The max −min problem appears frequently in programming: given some
non-empty lists (which can represent e.g. outcomes of a game), find for
each list the minimal element (”the worst”) and then the maximum of the
resulting list of minimal elements (”the best of the worst”).

The problem can be specified as follows:

maxmin :: Ord x ⇒ List1 (List1 x )→ x
maxmin = maxList1 ◦ fmap minList1

Write maxmin as a fold, that is, find f and g such that
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maxList1 ◦ fmap minList1 = foldList1 f g

You can do this either by applying the fold-fusion law you derived in
exercise 2, or by direct derivation. Either solution brings 5pts. For the
remaining 5pts you have to also write the functions f and g as folds. Hint:
you will need to use the property that max distributes over min:

max (min a b) c = min (max a c) (max b c)

6. List1 is a monad. Give the corresponding instance declaration. Rewrite
the following program without using monad operations:

foo xs1 xs2 = do x1 ← xs1
x2 ← xs2
return (x1 , x2 )

7. Consider the following Idris datatype, representing a relation between lists:

data R : List a → List a → Type where
nilCase : R Nil Nil
consCase : R as bs → R (a :: as1 ) (b :: bs1 )

For each of the following data declarations, provide either a definition or
a brief explanation why such a definition is impossible (1pt for each):

(a) Nil ‘R‘ [1, 2, 3]

(b) [1, 2, 3] ‘R‘ [1, 2, 3]

(c) [1, 2, 3] ‘R‘ [1, 2, 3, 4]

(d) [1, 2, 3, 4] ‘R‘ [1, 2, 3]

(e) [1, 2, 3] ‘R‘ [4, 5, 6]

Is the relation R reflexive (1pt)? symmetric (1pt)? anti-symmetric (1pt)?
transitive (1pt)? total (1pt)?
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