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INSTRUCTIONS TO CANDIDATES

NAME OF CANDIDATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . STUDENT ID NO . . . . . . . . . . . . . . . . . . . . .
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READ THE FOLLOWING CAREFULLY:

1. Each of the following questions comprise 5 statements, for which you should select the one most
appropriate answer.

2. On this exam paper, place a tick in the appropriate box to indicate your answer.

3. The exam mark is based on the overall number of correctly answered questions. The more questions you
answer correctly the higher your mark, incorrectly answered questions do not count against you.

4. Enter your name and student ID number IN PENCIL on the computer answer sheet according to the
instruction on that sheet. The digits should be entered in the boxes under Student ID Number and entered
by means of horizontal lines in the appropriate boxes underneath, exactly as when answering questions.

5. When you have completed this exam paper, read the instructions on the computer answer sheet carefully
and transfer your answers from the exam paper. Use a HB pencilto mark the computer answer sheet and
if you change your mind be sure to erase the mark you have made.You may then mark the alternative
answer.

6. At the end of the examination, be absolutely sure to hand inBOTH this exam paper AND the computer
answer sheet.

7. You may use an electronic calculator (consistent with University Regulations) to assist.

THIS PAPER MUST NOT BE REMOVED FROM THE EXAMINATION ROOM
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Questions (1) and (2) refer to data collected in apopulation censusand thetypes of number used.
For each of the items described, give the most suitable choice of number type.

1. The number of individuals living at a specified address.

�A. Q

�B. R

�C. Z

�D. N

�E. C

2. The number ofchildren (defined as anyone under the age of16) living at the address.

�A. N

�B. Q

�C. W

�D. Z

�E. R

3. A company pays its employees using a basic unit of£X per month and a salary scale in which Senior
Management receive£X2 per month; Trainee managers are paid£X and all other workers earn a fixed
amount of£500 per month. If the company employs250 Senior Managers,100 Trainee Managers and
5 others, which of the polynomials describes itsmonthly salary costs?

�A. 25X2 + 10X + 250

�B. X2 +X + 5000

�C. 250X2 + 100X + 2500.

�D. 250X2 + 10X + 7

�E. 250X2 + 100X − 5000

4. The same company decides to appoint a singleSenior Executive Vice-Presidentwho will be given
X3 per month, and at the same time it reduces its (non-managerial) workforce to a single person who
now receive£600 per month. Which of the polynomials below describes itsannual salary costs?

�A. 12X3 + 3000X2 + 1200X + 7200

�B. X3 + 250X2 + 8X + 3600

�C. 12X3 + 50X2 + 100X + 600

�D. X3 + 1000X2 + 8X + 3600

�E. 12X3 + 6000X2 + 3600X + 7200
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5. Consider the functionf(x) given by

f(x) = (x− 4)(x− 5)(x− 6)

What is the coefficient ofx0 when this expression is described using adegree3 polynomial?

�A. 30

�B. −120

�C. −15

�D. 20

�E. 120

6. A robot crawler must move from its current position (recorded as a2-dimensional coordinate) to a
location that is exactly37 metres to its right. If the robot’s current location is< x, y > which of the
following describe its desired location?

�A. < x, y + 37 >

�B. < x+ 37, y + 37 >

�C. < x− 37, y >

�D. < x+ 37, y >

�E. < x, y − 37 >
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7. A region ofpixels whose colours are described using theRGB-system in which each pixel,p, has its
colour defined by a3-vector< pR, pG, pB > is manipulated over a period ofninety secondsby the
algorithm described below in which the variableT ime counts inmilliseconds.

T ime := 0
while T ime ≤ 90000 do
if (T ime is an exact multiple of 30000)





pR
pG
pB



 :=





0 0 1
0 1 0
1 0 0









pR
pG
pB





end if
T ime := T ime + 1;
end while
Suppose this algorithm is applied to the pixels in a600 × 600 square in which the colourc(p) of the
pixel at position< px, py > is initially

c(p) =







< 255, 0, 0 > if 0 ≤ px < 200
< 0, 255, 0 > if 200 ≤ px < 400
< 0, 0, 255 > if 400 ≤ px < 600

Which of the following is true after the algorithm has been run?

�A. The colour of every pixel is Red.

�B. The colour of every pixel is exactly the same as its original setting.

�C. The colour of every pixel is Blue.

�D. The colour of every pixel is the inverse of its original setting.

�E. The colour of every pixel is Green.

8. A 4-vector< x, y, z, t > describes the position of an object at a given time, using< x, y, z > for
its coordinates att for the time. Supposes-scale (fors a Real number) is the operation of moving
< x, y, z > to< sx, sy, sz > in a single time step. Which of the following is true?

�A. The process of computing the new vector can be achieved by using a3× 3-matrix.

�B. The process of computing the new vector can be achieved by using a4× 4-matrix.

�C. The process of computing the new vector requires using a5× 5-matrix.

�D. The process of computing the new vector requires using a6× 6-matrix.

�E. Computing the new vector cannot be achieved as a result of a matrix-vector product.
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9. A triangle is described by its “corners” in theorder (< x1, y1 >, < x2, y2 >, < x3, y3 >) and drawn
on a display screen using lines from< x1, y1 > to < x2, y2 >; < x2, y2 > to < x3, y3 >; and, finally,
from < x3, y3 > to < x1, y1 >. A 3× 3 matrix,

M =





1 0 10
0 1 −20
0 0 1





is used to move this shape10 placesright and20 placesdown.

Alice computes the new coordinates(< u1, w1 >,< u2, w2 >,< u3, w3 >) of the triangle by:




u1 u2 u3

w1 w2 w3

1 1 1



 =





1 0 10
0 1 −20
0 0 1









x1 x2 x3

y1 y2 y3
1 1 1





Bill, on the other hand, computes(< u1, w1 >,< u2, w2 >,< u3, w3 >) using




u1 w1 1
u2 w2 1
u3 w3 1



 =





x1 y1 1
x2 y2 1
x3 y3 1









1 0 10
0 1 −20
0 0 1





Which of the following statements describes the outcome of these computations?

�A. Neither Alice nor Bill’s computation correctly generate the new triangle coordinates forall trian-
gles.

�B. Alice’s computation is correct for right-angled trianglesonly.

�C. Only Alice’s computation correctly generates the new triangle coordinates forall triangles.

�D. Only Bill’s computation correctly generates the new triangle coordinates forall triangles.

�E. Bill’s computation is correct for right-angled trianglesonly.

10. Starting from the base of a hill, a car drives (in a straight line) to the end of a road located at its summit.
If the starting position of the car is defined by the coordinate< 20, 25 > and the hill peak (where the
road ends) has coordinates< 30, 95 > what is thegradient of the hill?

�A. 1

�B. 3

�C. 5

�D. 7

�E. 9
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11. When this vehicle has climbed up to a height of51metres on the hill (i.e.y = 51) what is thehorizontal
distance that has been travelled at this point (i.e. the corresponding value ofx)?

�A. 21 metres.

�B. 23 metres.

�C. 25 metres.

�D. 27 metres.

�E. 29 metres.

12. An essay marking scheme uses+ grades givingordered range of grades:
< G,G+, F, F+, E, E+, D,D+, C, C+, B, B+, A >.

These are converted tobasic marks ranging from0 (for G) through to6 (for A) but with + grades
scored0.5 more than the grade which the+ qualifies (egF+ is 1.5, C+ is 4.5 and so on). A for-
mula to convertbasic marks (in the range0 to 6) to final marks is adopted. This is the formula
RevisedMarkScheme(x) in which

RevisedMarkScheme(x) = 2x3 − 18x2 + 30x + 40

whatgradedoes an essay need to be awarded to achieve themaximum possiblefinal mark?

�A. A

�B. C+

�C. D

�D. F

�E. G
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13. A large corporation engages a consultant to assess theutility of its employees in terms of the number
of years an individual has been working for the corporation.The consultant reports that this ought to
be calculated by the formula

U(x) = α(log x)2 − β(log x)3

Herex is the number ofyearsan individual has been employed.
α is a constant meant to capture “contribution and impact” that will vary according to whether an
employee is a Senior Manager, Junior Manager or worker.
β is a constant related to the overall salary (i.e. cost to the corporation) of the employee.

The consultant recommends setting these constants to give the following specificutility formula

Employee Category Utility Formula Used

Worker U(x) = 12(log x)2 − 4(log x)3

After accepting these recommendations the corporation decides that in order to improve its productivity,
employment contracts willonly be issued for the number of years taken tomaximise the employee’s
utility, after which the contract will lapse. For example, with the formula a Worker’s contract will only
last for the number of years,x, it takes for12(log x)2 − 4(log x)3 to reach its maximum value (rounded
to the nearest integer if the value achieving the maximum is not a whole number). Under this scheme,
for how many years will aworker’s employment contract run?

�A. 1 year.

�B. 3 years.

�C. 5 years.

�D. 7 years.

�E. 9 years.

14. Consider the following function,f(x), given by

f(x) =
1

x2 + 3x+ 2

Which of the following possibilities describes
∫

(x+ 5)f(x)dx

�A.
∫

xdx
x+1

−
∫

dx
x+2

�B.
∫

4dx
x+1

−
∫

3dx
x+2

�C.
∫

dx
x+1

+
∫

4dx
x+2

�D.
∫

2xdx
x+1

−
∫

xdx
x+2

�E.
∫

4dx
x+1

+
∫

dx
x+2
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15. Recall that themodulus of a complex numberu = a + ıb is denoted|u| and defined as the (positive)
square root ofa2 + b2, so that|u|2 = a2 + b2.

If x = p + ıq andy = q + ıp (for any pair ofReal numbers< p, q >) which of the followingbest
describes the resultxy?

�A. xy = |xy|2

�B. xy = ı(|xy|2)
�C. xy = |xy|2 + ı(|xy|2)
�D. xy = |xy|2 − ı(|xy|2)
�E. xy = −ı(|xy|2)

16. Human players protest that a robot archer is “too good” and insist that the target is redesigned as
depicted below.

100

50

C

A1
A2

A0

The diameter of the innermost circle is1 metre; that of the outer circle is2 metres; and the entire target
has diameter3 metres. In order to score an arrow must land within the sectormarked out by the region
with cornersC, A1 andA2. The inner sector scores100 and the outer section scores50. If the angle
formed measuring (counterclockwise) from the line< C,A0 > to the line< C,A1 > is π/3 radians,
and that from< C,A1 > to < C,A2 > is alsoπ/3 radians, what would the robot’s score now be if it
chose and hit the target areas to the choice

{< 48, π >, < 75, π/2 >, < 120, 3π/4 >}?

�A. 0 points.

�B. 50 points.

�C. 100 points.

�D. 150 points.

�E. 200 points.
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The next group of questions concern the results of a survey of500 users concerning their impressions
of two different Operating Systems platforms. The opinionsof different groups are summarized in
Table 1 below.

Table 1: User Opinion Survey: Poll results
User Group ExperienceGroup size %score for OS/1 %score for OS/2

Expert 25 74 95
Good 155 87 61

Novice 320 64 41

17. If the opinions of different user groups are sampled with each user being equally likely to be chosen,
what is theexpectedscore for OS/2?

�A. 89.9%

�B. 79.9%

�C. 69.9%

�D. 59.9%

�E. 49.9%

18. The developers of OS/2 decide that the opinions of expert users are “much more important than those of
novices” and decide to change the sampling procedure. Now different users will be chosen according
to the distribution below,

P [User in Category C is chosen] =







3/4 if C is Expert
3/16 if C is Good
1/16 if C is Novice

(instead ofP [User in Category C is chosen] = 1/500 which had been used previously).

Using this new weighting, what is theexpectedscore for OS/2?

�A. 70.25%

�B. 75.25%

�C. 80.25%

�D. 85.25%

�E. 90.25%
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19. The next question refers to a computer game in which a player must guess which from a set offour
shapes,{Square, Circle, Star, T riangle}, is next to be displayed on the screen. If a player guesses
correctly a bonus oftwenty points is awarded; if the player guesses incorrectlyfive points are deducted
from their current total. The game operates fairly so that each shape appears with probability1/4.
Suppose a player adopts the following strategy.

Square-wanted:=false; Circle-wanted:=false;
First guess is Star;
while ((Some points remain) and (Player wants to continue)) {
if ((last shape was a circle) or (Square-wanted)) {
Square-wanted := true;
Circle-wanted := false;
Next-guess := square; }
if (last shape was a square) {
Square-wanted := false; }
if ((last shape was not a circle) and (not Square-wanted)) {
Circle-wanted := true;
Next-guess := circle; } }
If a player starts with100 points and uses this strategy which of these statements is true?

�A. After some finite number of guesses it iscertain that the player has no remaining points.

�B. After some finite number of guesses it isvery likely that the player has no remaining points.

�C. After any finite number of guesses the playerwill have some number of points left.

�D. After ten or more guesses the player isvery likely to have at least100 points.

�E. After ten or more guesses the player iscertain to have at least100 points.

The following questions concern a real-valued matrix,H, whosecharacteristic polynomial is equiv-
alent to expanding the expression

χ(H) = (x− 1)3(x2 + 2)(x− 3)

20. What is thedominant eigenvalueof H?

�A. 1

�B. 3

�C. 2

�D.
√
2

�E. ı
√
2
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21. The entries in the matrixH are modified to give a new real-valued matrixH′ whose characteristic
polynomial is now

χ(H′) = (x− 1)3(x2 − 2)(x− 3)

Which of the following is an eigenvalue ofH′ butnot an eigenvalue ofH?

�A. −
√
2

�B. 1

�C. 2

�D.
√
3

�E. 3
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