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Answer ALL questions. Do not spend too much time on any one question.
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The questions are followed by labelled blank spaces into which your answers are to be written.
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QUESTION 1 [8 marks]
Are each of the following valid Haskell expressions? If so, what are their values? If not, why
are they invalid?

(a)
����� � �����	��
���
����������������������

QUESTION 1(a) [2 marks]

(b)
����� ��� �����	��
���
����������������������

QUESTION 1(b) [2 marks]

(c) ����� �! �� �����"�#
$��
��������%�������%�����

QUESTION 1(c) [2 marks]

(d) &�')(+*�,�- �/.�0 -+' .1�!.�2  43�576 .1�/.�8�9�:�; ( .1�!.=<>:�?@.!�

QUESTION 1(d) [2 marks]
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QUESTION 2 [6 marks]

(a) The following function definition is missing its type signature.

5/->'>576 ��� ACB ��&��)'
5/->'>576 D 8���8 �FE A 3 <G8

,�->'=( 0%9  >'
'�&%�)' 5/-�'+576 8 �

What is the type of 5�-�'/5#6 ?
QUESTION 2(a) [3 marks]

(b) The following two function definitions are missing their type signatures.; -43�5/- D ?H�I? �FE AC;F:=9 6>' 9 ?C? �;F:=9 6>' 9 ? �J� AK?
;F:=9 6>' 9 ? DIL � L>�FEMN? O L AC;F:)9 6>' 9 LPL>�MQ: ,%-�' 9�; 3���' AC;F:)9 6>' 9 ? L>�

What are the types of the functions
; -�3R5#- and

;�:S9 6/' 9 ?
QUESTION 2(b) [3 marks]
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QUESTION 3 [12 marks]
An obvious way to represent a point in the xy plane is as a pair of

B & : ��, s, being the cartesian
coordinates of the point:

,%L��>' T : 3/(%, A D B & : �=, �RB & : �),UE
(a) For each pair of points there is exactly one straight line passing through both points.

The gradient of the line passing through (x1, y1) and (x2, y2) is given by the formula
(y2 − y1)/(x2 − x1).
Define a Haskell function

* 9 ��VW3)')(+, ��� T : 3!(�, X O T : 3!(�, X OPB & : �),
to calculate the gradient of the line passing through two points, using this formula.
QUESTION 3(a) [4 marks]

(b) Points are said to be colinear if they lie on the same straight line. A simple way to test
whether 3 points p1, p2 and p3 are colinear is to compare the gradients of the line passing
through p1, p2 and the line passing through p2, p3. If their gradients are the same, the
points are colinear (since p2 is on both lines).
Define a Haskell function

5 : &+3/(�'%� 9 ��� T : 3!(�, X O T : 3!(�, X O T : 3/(%, X OKY�:�: &
which uses this technique to determine if 3 points are colinear. (For the purposes of
this question, you may ignore issues of the imprecise representation of real numbers asB & : ��, .)
QUESTION 3(b) [4 marks]
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(c) We can extend the technique used in the 5 : &!3�(7'Z� 9 function to check whether an arbitrary
number of points fall on the same straight line. Define a Haskell function

�>&%&�[ : &>3/(F'�� 9 ���C� T : 3!(�, � X OGY�:�: &
which determines if all the points in the input list are colinear.
QUESTION 3(c) [4 marks]
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QUESTION 4 [9 marks]
The following functions have been disguised by giving them nonsensical names. Describe the
behaviour of each function and suggest more meaningful names.

(a) �/� : (�*+' ���]\ (�, X O � � � X O � � �
�7� : (+*�' ^ ? � AP? �
�7� : (+*�'C( �J� A �J�
�7� : (+*�'C( D ?H�I? �FE A �7� : (+*+' D�(_X � E ? �

QUESTION 4(a) [3 marks]

(b) �% <%< 3!( ���]\ (�, X O � X O � � �
�� <%< 3!( ( ?

M ( `a^ A ' 9%9>:)9 .=b+: , ')( :  +*�- �� <%< 3/(4�$c .M ( A�A ^ A �J�
MQ: ,%-�' 9�; 3���' AK?H� �% <%< 3!( D�(_X � E ?

QUESTION 4(b) [3 marks]
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(c)
8  �( ���ed�2 � A+O � � � X O � � �8  �( �J� A �J�
8  �( D ?H�I? �WE AK? �f8  �( DR,+� 9 , ?C? �FE; -�' 9 ' �� %V ���ed%2 � A>O � X O � X OKY�:�: &

�� %V ? L A D ? g�A LhE
,+� 9 , ���ed�2 � A>O � X O � � � X O � � �
,+� 9 , ? L>� A < 3�&=,+' 9 DS�� �V ? EiL>�

QUESTION 4(c) [3 marks]
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QUESTION 5 [14 marks]
The standard deck of 52 playing cards consists of 13 cards in each of four suits: Clubs, Dia-
monds, Hearts and Spades. In Haskell we can represent the suits as an algebraic data type:

V��),+� j) 43/, A [+&7 8 Mfk 3)�=� : (+V Mml '�� 9 , M j=����V�'
V+' 9 3�n43/(+* d�2

The 13 cards of each suit consist of nine spot cards numbered 2–10, and four court cards, Jack,
Queen, King and Ace. This is called the rank of the card, with 2 being the least valuable and
Ace being the most valuable. We can represent this type in Haskell as follows:

V��),+� o>�=(%6 A j=� : , \ (�, MQp �+576 Meq  �'�')( Msr 3!(�* Mmt 5='
V+' 9 3�n43/(+* d�2

(a) Each card in the deck is determined by its rank and its suit, so in Haskell we can represent
a card as a pair consisting of a rank and a suit. Define a type synonym [�� 9 V for such a
representation.

QUESTION 5(a) [1 mark]

,�L���'u[�� 9 V A

(b) When playing cards, each player has a hand consisting of zero or more cards, which we
can represent in Haskell as a list. Define a type synonym

l �S(!V for such a representation.

QUESTION 5(b) [1 mark]

,�L���' l �S(!V A

(c) Define a function 5 :  Z(�,Zo/��(�6 which takes a hand and a rank as arguments and returns a
count of the number of cards in the hand with that rank, irrespective of their suit. Make
sure to include the type signature of 5 :  Z(�,Zo7�S(�6 .
QUESTION 5(c) [4 marks]
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(d) In some card games (such as Bridge) players often assess how good their hand is before
play commences. One aspect of this assessment is to calculate a number of points for
the collection of court cards in the hand. Each Ace is worth 4 points, each King is worth
3 points, each Queen is 2 points, and each Jack is 1 point. The spot cards are worth no
points.
Define a function 5 :  9 ,ZT : 3�(!,)� �Z� l �S(!VvX Os\ (�, which returns the total number of
points for court cards in a hand.
QUESTION 5(d) [4 marks]

(e) Briefly outline how you might represent the abstract data types jS �3�, , o/�S(!6 , [�� 9 V andl �S(!V in Java.
QUESTION 5(e) [4 marks]
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QUESTION 6 [15 marks]
Suppose that we are developing a software package that is to play Noughts and Crosses (other-
wise known as Tic-Tac-Toe) against a human sitting at a computer.

In the unlikely event that you do not already know this game, here is a brief description. The
game is played on a 3 × 3 board by two players who take turns in putting a mark on the board.
One player uses a cross (x) and the other player uses a nought (o). The winner is the first player
to get three of their marks in a row, either vertically, horizontally or diagonally. If every space
on the board is occupied and there is no winner, the game is a draw. For example, the following
board configuration represents a win for noughts:

x o
x x

o o o

During play, the human user of the software package indicates the position of their move and
the computer responds with its own move, or by reporting that the game is over and who won,
or if it is a draw.

(a) There are numerous abstract data types appropriate to the development of this software
package. Among the most obvious is the current state of play (i.e. the board configura-
tion). The players’ marks can be conveniently represented by the following algebraic data
type:

V��),+� TF&���L+' 9 A b�:  �*�-�, M [ 9�: �%�
The board consists of nine squares, each is either vacant or contains a player’s mark:

V��),+� j 2  �� 9 ' ACw �>5)�)(�, Myx 5%57 %�h3)'�V T�&���L+' 9

Build on these types to define a representation of the board during play. Explain your
representation, pointing out any limitations or constraints. How is the example board
shown diagramatically above represented as a value of this type?
QUESTION 6(a) [5 marks]
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(b) One obvious basic operation on the board abstract data type is to add a player’s mark at
some specified position, provided it is vacant. Give a type declaration for this operation.
Either define a Haskell function to implement the operation, or give a careful description
of how you would implement it.
QUESTION 6(b) [4 marks]

(c) What other basic operations on the board can you identify? Give type declarations and
brief descriptions but do not attempt to define them as Haskell functions.
QUESTION 6(c) [6 marks]

COMP1100 (Introduction Programming and Algorithms) Page 11 of 20



QUESTION 7 [10 marks]
The standard functions &�'S(/*R,R- and �=�S� can be defined as follows:

&�')(+*�,�- ���C� � � X O \ (�,
&�')(+*�,�- �J� A ^
&�')(+*�,�- D ?H�#? �FE A �z� &�'=(+*�,�- ? �
����� ��� D�� X Oi8 E X O � � � X O ��8��
����� < ��� A ���
����� < D ?H�I? �FE A{<G? � ����� <C? �

(a) Use the above definitions to prove, using induction, the following identity:

&�')(+*�,�- DS�>��� <P? �FE A &�')(+*�,�- ? �
You first need to prove the base case:
QUESTION 7(a) [1 mark]

Now state what the step case is:
QUESTION 7(a) [2 marks]

Lastly, prove this step case.
QUESTION 7(a) [2 marks]
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(b) The function �� R� 
R| performs pairwise addition of elements of two lists:

�7 �� 
�| ���C�!\ (�, � X O �!\ (�, � X O �!\ (%, �
�7 �� 
�| �J� L+� A �J�
�7 �� 
�| ? � �J� A �J�
�7 �� 
�| D ?}�I? �FE DSL � L+�FE AK?>� L � �/ �� 
�| ? �KL+�

Use this definition and that of &�'S(!*R,Z- to prove the following predicate:

&�')(+*�,�-~D��/ �� 
�| ? �KL+�FEC` A D7&�'=(+*�,�- D ? �4E�E
You first need to state and prove the base case.
QUESTION 7(b) [2 marks]

Lastly, prove the step case.
QUESTION 7(b) [3 marks]
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QUESTION 8 [16 marks]
The calculation of grades in a particular course depends on a number of assessment items, in-
cluding tutorial participation, assignment marks and exam marks. If we were writing a Java pro-
gram to help with the collection and storage of marks and the calculation of grades, a j�,Z !V!'S(�,
class such as is shown on page 19 will be an important component.

The fields in the j�,R !V/'S(�, class represent the following information about a student:

• j�, 9 3�(/*�(7�I�=' is the student’s name;

•

tZ9Z9 ��L | 3R�#,7` \ (�,7'�*/' 9/O ��,�,/'S(!V!��()5�' is a sequence of marks for tutorial attendance. For
each tutorial students are given a mark of

�
if they were present, or ^ if they were absent.

There are 10 tutorials.
•

\ (�,/'�*/' 9 �/�Z��3#*R(R��'S(!, is a mark (out of 20) for the student’s assignment. The course
only has one assignment.

•

\ (�,/'�*/' 9 ' ? �I� is a mark (out of 70) for the student’s final exam.

•

\ (�,/'�*/' 9 , : ,/�!& is the student’s total mark for the course. It is calculated by adding all
10 of their tutorial attendance marks, plus their assignment, plus their exam mark. The
maximum total mark is therefore 100.

• � 9 ��V!'u* 9 ��V!' is the grade awarded to the student, based on their , : ,/�!& mark.

The j�,R !V!'�(�, class has a constructor which sets the name, creates an empty ��,Z,/'�(!V!�S()5�' list,
and initialises the other

\ (�,/'�*!' 9 fields to ^ . There are methods provided to update tutorial
attendance, assignment marks and exam marks. The code for calculating the student’s total
mark (as described above) and assigning a grade are missing.

(a) Write the �Z 8 &/3R5�n : 3#Vf5��!&!5 0�: ,/�/&+D�E method, to set the , : ,/�!& field to be the sum of
the ��,Z,/'S(!V/�/5�' marks, plus the �/�Z�!3#*�(R��'�(�, mark, plus the ' ? �I� mark.
QUESTION 8(a) [8 marks]
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(b) Write the �Z 8 &!3R5�n : 3#Vf5��/&�5S� 9 �RV!'FD�E method, to set the � 9 ��V!'�* 9 ��V!' field, depending
on the value of the , : ,/�!& field.
If the , : ,/�!& mark is 80 or more, the grade is

lZk
. If the , : ,/�/& mark is 70–79, the grade isk

; 60–69 is [�o ; 50–59 is T ; and less than 50 is
b
.

QUESTION 8(b) [8 marks]
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QUESTION 9 [10 marks]

(a) In object-oriented programming languages such as Java, two of the fundamental con-
structs are classes and objects. What is a class? What is an object?
QUESTION 9(a) [5 marks]

(b) How are the concepts of class and object useful in designing programs?
QUESTION 9(b) [5 marks]
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QUESTION ( )

QUESTION ( )
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QUESTION ( )

QUESTION ( )
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[Java Code for Question 8]

���7�/�R���y�Z���!�h���!�=���W�����!�/�R�!�=�R�S�h�
��� �����Z�/�R� �m���h���h�¡ S¢£�¥¤4�§¦R¤�¨ �
© �Z�/���mªR�Z�/� ��� � ��!�)�I�/�R� � ªR���=� �!«f� �#� � ��!�)�I�/�R� � �Z�Z�/�������R�I�>¬�­ � � ��«!� �>®f�R�!� ��� �!� �=©�� ��!�)�I�/�R� � ­ � � �R«/� �Q�����/� «Z� � ��� �h��!�)�I�/�R� � ­ � � �R«/� � �R¯ �#�£��!�)�I�/�R� � ­ � � �R«/� �e�!�R�!�!����!�)�I�/�R� � �R�/�R� �m« �!�Z� � �

����°7�7� © ªR�Z�/� ��� �4±�ªR���)� ��«m²Z³ �)´ �� �#� �¶µ¶²Z³ �W��Z��� ��� �!� �)©��¶µs�!��² ���Z�!�R�����R�#��¬)­ � � ��«!� �W®%±�´�������/� «Z� � ��� � µf· ��R¯ �#� µm· ��!�R�!�!� µm· �¨����°7�7� © ªR���)� ��«e«/� � � �#� � ±�´ �� � �R�!� �v� �#� � �¨����°7�7� © ­ � � �R«/� � «/� ���=���I�h±�´ �� � �R�!� � �7���/� «Z� � ��� �h�¨����°7�7� © ­ � � �R«/� � «/� ��¸ ¯ �#�1±�´ �� � �R�!� �Q��¯ �#�£�¨����°7�7� © ­ � � �R«/� � «/� ��¹/�R�!�!�F±�´ �� � �R�!� � �/���/�����¨����°7�7� © �R�/�Z� �f«/� �!�Z�/�Z� � ±�´ �� � �R�!� �e« �!�Z� � �¨����°7�7� © �!�7�I�y�7���Sº/�R�Z»W±�­ � � �R«/� �¶�)���Z»�´ ������/� «Z� � ��� � µ �=�R�Z»4�¨����°7�7� © �!�7�I�y�R��� ��� �F±�­ � � �R«/� �e�!� � � ���=©�� ´ ��Z��� ��� �!� �)©�� ���R�R�W±��!� � � ���=©�� ´��¨����°7�7� © �!�7�I� �R¯ �I��º/����»W±�­ � � �R«!� �¶�=����»�´ ��R¯ �#� µ �=���Z»4�¨����°7�7� © �!�7�I� © �!� © ¹!�R�/���W±�´ �¼R¼ �!����� © �R� �s³/� � �¨����°7�7� © �!�7�I� © �!� © �R�/�Z� � ±�´ �¼R¼ �!����� © �R� �s³/� � �¨¨

COMP1100 (Introduction Programming and Algorithms) Page 19 of 20



COMP1100 (Introduction Programming and Algorithms) Page 20 of 20


