
Introduction to Programming: Assignment 2

Due: September 23, 2022. 11.59 pm

Instructions:
Submit your solution in a single file named c m i e m a i l i d . h s on Moodle. For example, if I were
to submit a solution, the file would be called s p s u r e s h . h s . You may define auxiliary functions
in the same file, but the solutions should have the function names specified by the problems.

1. A segment of a list xs of length n is any sublist of the form xs[i · · · ( j− 1)], with 0 ¶ i ¶ j ¶ n.
(In case i = j, the segment is the empty list.)

Write a program

s e g m e n t s F :: [ a ] F -> [ [ a ] ]

that produces all the segments in a given list. (The order in which the segments are to be
listed is indicated by the sample cases below. Notice that the empty list is included only
once, but other lists can repeat, as the third example below shows:)

Sample cases:

s e g m e n t s [ ] = [ [ ] ]

s e g m e n t s [ 0 ] = [ [ 0 ] , [ ] ]

s e g m e n t s [ 0 F .. 3 ] = [ [ 0 ] , [ 0 , 1 ] , [ 0 , 1 , 2 ] , [ 0 , 1 , 2 , 3 ] ,

[ 1 ] , [ 1 , 2 ] , [ 1 , 2 , 3 ] ,

[ 2 ] , [ 2 , 3 ] ,

[ 3 ] ,

[ ] ]

s e g m e n t s [ 0 , 1 , 0 , 1 , 0 , 1 , 2 ]

= [ [ 0 ] , [ 0 , 1 ] , [ 0 , 1 , 0 ] , [ 0 , 1 , 0 , 1 ] , [ 0 , 1 , 0 , 1 , 0 ] ,

[ 0 , 1 , 0 , 1 , 0 , 1 ] , [ 0 , 1 , 0 , 1 , 0 , 1 , 2 ] ,

[ 1 ] , [ 1 , 0 ] , [ 1 , 0 , 1 ] , [ 1 , 0 , 1 , 0 ] , [ 1 , 0 , 1 , 0 , 1 ] ,

[ 1 , 0 , 1 , 0 , 1 , 2 ] ,

[ 0 ] , [ 0 , 1 ] , [ 0 , 1 , 0 ] , [ 0 , 1 , 0 , 1 ] , [ 0 , 1 , 0 , 1 , 2 ] ,

[ 1 ] , [ 1 , 0 ] , [ 1 , 0 , 1 ] , [ 1 , 0 , 1 , 2 ] ,

[ 0 ] , [ 0 , 1 ] , [ 0 , 1 , 2 ] ,

[ 1 ] , [ 1 , 2 ] ,

[ 2 ] ,

[ ] ]



2. An uprun of a list xs is a maximal nonempty segment that is sorted in ascending order (i.e.
it is a segment xs[i · · · ( j− 1)] such that xs[k ] ¶ xs[k + 1] for i ¶ k < j− 1, and xs[i− 1] > xs[i]
and xs[ j − 1] > xs[ j].

Write a program

u p R u n s F :: O r d a F => [ a ] F -> [ [ a ] ]

that produces a list of all upruns in the input list.

Sample cases:

u p R u n s [ ] = [ ]

u p R u n s [ 0 ] = [ [ 0 ] ]

u p R u n s [ 0 F .. 4 ]

= [ [ 0 , 1 , 2 , 3 , 4 ] ]

u p R u n s [ 0 , 1 , 2 , 3 , 5 , 4 ]

= [ [ 0 , 1 , 2 , 3 , 5 ] , [ 4 ] ]

u p R u n s [ 0 , 1 , 0 , 1 , 0 , 1 ]

= [ [ 0 , 1 ] , [ 0 , 1 ] , [ 0 , 1 ] ]

u p R u n s [ 0 , 1 , 2 , 3 , 0 , 1 , 0 , 1 , 2 , 3 , 4 ]

= [ [ 0 , 1 , 2 , 3 ] , [ 0 , 1 ] , [ 0 , 1 , 2 , 3 , 4 ] ]

u p R u n s [ 0 , 1 , 2 , 3 , 0 , 0 , 0 , 1 , 1 , 0 , 1 , 2 , 3 , 4 ]

= [ [ 0 , 1 , 2 , 3 ] , [ 0 , 0 , 0 , 1 , 1 ] , [ 0 , 1 , 2 , 3 , 4 ] ]

u p R u n s [ 5 , 4 F .. 0 ]

= [ [ 5 ] , [ 4 ] , [ 3 ] , [ 2 ] , [ 1 ] , [ 0 ] ]

3. This problem is about the word game Stackle, available at h t t p s : / / w w w . s t a c k l e . f u n .
In this game, you are given two 5-letter words at the start. The aim is to build as long a
stack of words as possible. The stack is grown by adhering to these rules:

(a) Each word has 5 letters.

(b) No letter repeats in any word.

(c) To go from one word to the next, one eliminates a letter and introduces a new letter
(and perhaps jumbles the order).

(d) Eliminated letters cannot be used again.
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(e) Each word is a valid word in the Stackle dictionary. (We do not have access to the
Stackle dictionary, but we have an approximation in the file D i c t . h s .)

Note that since we start with a 5-letter word, and in each move we eliminate a letter, the
stack can have a maximum length of 22.

There is a further availability constraint. There are three lists of letters given, call them l 1 ,
l 2 and l 3 . Each list can possibly be empty, and l 1 and l 2 usually contain atmost 4 letters,
and l 3 has at most 1 letter, and the lists are mutually disjoint. Letters in l 1 can appear
only at the tenth word of the stack or later, letters in l 2 can appear only at the eighteenth
word of the stack or later, and letters in l 3 can appear only at the twenty second word.

Wedefine the following two type synonyms (a simpler name for an existing type, to improve
readability):

t y p e G a m e = ( S t r i n g , S t r i n g , ( [ C h a r ] , [ C h a r ] , [ C h a r ] ) )

t y p e S o l u t i o n = [ S t r i n g ]

Write a program

c h e c k S t a c k F :: G a m e F -> S o l u t i o n F -> B o o l

such that c h e c k S t a c k g m s o l returns T r u e if s o l is a valid stack of words according to the
above rules, and returns F a l s e otherwise.

Sample cases:

g m 1 , g m 2 , g m 3 F :: G a m e

g m 1 = ( " r o u n d " , " m o u n d " , ( [ ' a ' ] , [ ' i ' , ' t ' ] , [ ' k ' ] ) )

g m 2 = ( " b l o k e " , " b l o c k " , ( [ ] , [ ] , [ ] ) )

g m 3 = ( " F fl u n k " , " f u n k s " , ( [ ' a ' ] , [ ' g ' , ' r ' , ' x ' , ' z ' ] , [ ] ) )

s o l 1 , s o l 2 , s o l 3 , n o s o l 1 a , n o s o l 1 b , n o s o l 1 c , n o s o l 1 d F :: S o l u t i o n

s o l 1 = [

" r o u n d " , " m o u n d " , " f o u n d " , " w o u n d " , " h o u n d " , " d o u g h "

, " c o u g h " , " c h u g s " , " c u s h y " , " s a u c y " , " q u a y s " , " s q u a b "

, " a b u s e " , " p a u s e " , " j a p e s " , " p a x e s " , " p a l e s " , " l a z e s "

, " t a l e s " , " t i l e s " , " l i v e s " , " l i k e s " ]

s o l 2 = [

" b l o k e " , " b l o c k " , " b l a c k " , " s l a c k " , " r a c k s " , " c z a r s "

, " c h a r s " , " s c a r f " , " c a r d s " , " d r a m s " , " y a r d s " , " d a i s y "
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, " q a d i s " , " w a d i s " , " d i v a s " , " s t a i d " , " t a x i s " , " p i t a s "

, " s a t i n " , " a u n t s " , " g a u n t " , " j a u n t " ]

s o l 3 = [

" F fl u n k " , " f u n k s " , " b u n k s " , " h u n k s " , " j u n k s " , " s t u n k "

, " t u n e s " , " q u e s t " , " s u e t y " , " c u t e s " , " m u t e s " , " m i t e s "

, " t o m e s " , " s t o v e " , " s t a v e " , " w a s t e " , " p a s t e " , " g a t e s "

, " z e t a s " , " t a x e s " , " d a t e s " , " r a t e s " ]

n o s o l 1 a = [ " r o u n d " , " f o u n d " , " g o u n d " ]

F -- " g o u n d " i s n o t a v a l i d w o r d i n t h e d i c t i o n a r y

n o s o l 1 b = [ " r o u n d " , " c r o w n " ]

F -- " W e a r e e l i m i n a t i n g b o t h ' u ' a n d ' d '

n o s o l 1 c = [ " r o u n d " , " h o u n d " , " d o u g h " , " t o u g h " ]

F -- ' t ' i s u s e d b e f o r e t h e e i g h t e e n t h w o r d

n o s o l 1 d = [ " r o u n d " , " h o u n d " , " d o u g h " , " c o u g h " , " c o u c h " ]

F -- ' c ' i s r e p e a t e d t w i c e i n t h e l a s t w o r d

n o s o l 1 e = [ " m o u n d " , " r o u n d " , " f o u n d " , " w o u n d " ]

F -- F i r s t t w o w o r d s m u s t e x a c t l y m a t c h t h e

F -- s t a r t i n g w o r d s g i v e n i n t h e g a m e

F -- i n t h e c o r r e c t o r d e r .

p a r t s o l 1 = [ " r o u n d " , " m o u n d " , " h o u n d " , " d o u g h " , c o u g h " ]

F -- I t i s o k a y t o s t o p s h o r t .

F -- T h i s i s a v a l i d p a r t i a l s o l u t i o n .

c h e c k S t a c k g m 1 s o l 1 = T r u e

c h e c k S t a c k g m 1 p a r t s o l 1 = T r u e

c h e c k S t a c k g m 1 n o s o l 1 a = F a l s e

c h e c k S t a c k g m 1 n o s o l 1 b = F a l s e

c h e c k S t a c k g m 1 n o s o l 1 c = F a l s e

c h e c k S t a c k g m 1 n o s o l 1 d = F a l s e

c h e c k S t a c k g m 1 n o s o l 1 e = F a l s e

c h e c k S t a c k g m 2 s o l 2 = T r u e

c h e c k S t a c k g m 3 s o l 3 = T r u e

4. This problem is related to rational numbers and their continued fraction representation.

Rational numbers are represented using the data type R a t i o n a l in Haskell. The ratio
p/q is represented using the % operator defined in D a t a . R a t i o . Acquaint yourself with
other functionsdefined in D a t a . R a t i o , like n u m e r a t o r and d e n o m i n a t o r , and the function
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f r o m I n t e g r a l . (Note: n u m e r a t o r r a t can be positive or negative, but d e n o m i n a t o r r a t

is always positive.)

A finite continued fraction is any expression of the form

a0 +
1

a1 +
1

a2 + · · ·
1
an

where a0 is an integer and each ai is a positive integer, for i ¾ 1. This is succinctly rep-
resented as the list [a0 ; a1 , a2 , . . . , an ]. (Note the semicolon after the first entry.) A finite
continued fraction can be calculated to a rational of the form p

q
. On the other hand, every

rational number can be expressed as a finite continued fraction. For example, the rational
number 4231 can be rendered as a continued fraction using the following steps:

42
31
= 1 + 11

31
= 1 + 131

11
= 1 + 1

2 + 9
11

= 1 + 1
2 + 111
9

= 1 + 1
2 + 1
1 + 2
9

= 1 + 1
2 + 1
1 + 19
2

= 1 + 1
2 + 1
1 + 1
4 + 1
2

Thus one continued fraction corresponding to 4231 is [1; 2, 1, 4, 2]. A continued fraction cor-
responding to − 2621 is [−2; 1, 3, 5]. The continued fraction representation is not unique. For
instance, both [0; 1, 1, 1, 1] and [0; 1, 1, 2] represent 35 .
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Define a function c o m p u t e R a t F :: [ I n t e g e r ] F -> R a t i o n a l that takes a nonempty list of
integers, such that all but the first element is positive, and returns the rational number
corresponding to it.

Define a function c f F :: R a t i o n a l F -> [ I n t e g e r ] that takes a rational number as input
and returns a continued fraction corresponding to it.

Sample cases: (Since there aremultiple answers possible for c f , the cases beloware only in-
dicative. Wewill check the correctness of your solution by actually computing the inverse
and checking.)

c f ( 2 6 % 2 1 ) = [ 1 , 4 , 5 ]

c f ( - 2 6 % 2 1 ) = [ - 2 , 1 , 3 , 5 ]

c f ( 4 2 % 3 1 ) = [ 1 , 2 , 1 , 4 , 2 ]

c f ( - 4 2 % 3 1 ) = [ - 2 , 1 , 1 , 1 , 4 , 2 ]

c o m p u t e R a t [ 1 , 4 , 5 ] = 2 6 % 2 1

c o m p u t e R a t [ - 1 , 1 , 1 , 1 , 1 ] = ( - 2 ) % 5

5. Just like finite continued fractions represent rationals, infinite continued fractions of the
form

a0 +
1

a1 +
1

a2 + · · ·

correspond to irrational numbers. For example, the golden ratio φ = 1 +
p5
2
can be writ-

ten as1

1 + 1
1 + 1
1 + 1
1 + . . .

This is representedmore succinctly as [1; 1, 1, 1, 1, . . .]. If we truncate this list at somefinite
point, we get a finite rational approximation for φ.

Assume the following Haskell definitions:

p h i F :: D o u b l e

p h i = ( 1 + s q r t 5 ) / 2

c o m p u t e F r a c F :: R a t i o n a l F -> D o u b l e

c o m p u t e F r a c x = f r o m I n t e g r a l ( n u m e r a t o r x )

1This can be verified by denoting the continued fraction as x and observing that x = 1 + 1
x
, i.e. x2 = x + 1, and

solving for x (and taking the positive solution).
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/ f r o m I n t e g r a l ( d e n o m i n a t o r x )

Write a function a p p r o x G R F :: D o u b l e F -> R a t i o n a l which returns a close rational ap-
proximation for the golden ratio, i.e. on input e p s i l o n it returns some r F :: R a t i o n a l

such that a b s ( p h i - c o m p u t e F r a c r ) < e p s i l o n .

Note: Do not use the a p p r o x R a t i o function from D a t a . R a t i o .

Sample cases: (Since there are multiple answers possible, the cases below are only indica-
tive. We will check the correctness of your solution by actually calculating if the error is
less than e p s i l o n .)

a p p r o x G R 0 . 0 0 0 1 = 1 4 4 % 8 9

a p p r o x G R 0 . 0 0 0 0 0 0 0 0 0 0 0 0 1 = 3 5 2 4 5 7 8 % 2 1 7 8 3 0 9
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