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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS & A
Level Computer Science (9608), and to show how different levels of candidates’ performance relate to the
subject’s curriculum and assessment objectives.

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For ease of reference the following format for each component has been adopted:

Question
.
Mark scheme
$
Example candidate
. response )

4

Examiner comment

Each question is followed by an extract of the mark scheme used by examiners. This, in turn, is followed by
examples of marked candidate responses, each with an examiner comment on performance. Comments are
given to indicate where and why marks were awarded, and how additional marks could have been obtained.
In this way, it is possible to understand what candidates have done to gain their marks and what they still
have to do to improve their marks.

This document illustrates the standard of candidate work for those parts of the assessment which help
teachers assess what is required to achieve marks beyond what should be clear from the mark scheme.
Some question types where the answer is clear from the mark scheme, such as short answers and multiple
choice, have therefore been omitted.

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk
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Assessment at a glance

Assessment at a glance

For Cambridge International AS and A Level Computer Science, candidates may choose:

s iotake Papers 1, 2, 3 and 4 in the same examination series, leading to the full Cambridge International
A Level

s to follow a staged assessment route by taking Papers 1 and 2 ifor the AS Level qualification) in one
series, then Papers 3 and 4 (for the full Cambridge International A Level in a later series

» to take Papers 1 and 2 only {for the AS Level qualification).

Components ‘ Weighting (%)

AS - A

All candidates take .
Paper 1 Theory Fundamentals 50 - 25
This written paper contains short-answer and structured questions.
There is no choice of questions.

75 marks
Externally assessed 1 hour 30 minutes
Paper 2 Fundamental Problem-solving and Programming Skills 50 25

This written paper contains short-answer and structured questions.
There is no choice of guestions.

Topics will include those given in the pre-release material.’

75 marks

Externally assessed 2 hours

Paper 3 Advanced Theory = 25
This written paper contains short-answer and structured questions.
There is no choice of guestions.

75 marks
Externally assessed 1 hour 30 minutes
Paper 4 Further Problem-solving and Programming Skills . 25

This written paper contains short-answer and structured questions.
There is no choice of guestions.

Topics will include those given in the pre-release material.’

75 marks

Externally assessad 2 hours

Advanced Subsidiary (AS) forms 50% of the assessment weighting of the full Advanced (A) Lavel.

Teachers are reminded that the latest syllabus is available on our public website at www.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

Cambridge International AS & A Level Computer Science 9608 5


http://www.cie.org.uk/
https://teachers.cie.org.uk/login_form?came_from=https%3A//teachers.cie.org.uk/index_html

Paper 4

Paper 4 — Further Problem-solving and Programming Skills

Question 1

1 A turnstile is a gate which is in a locked state. To open it and pass through, a customer inserts
a coin into a slot on the turnstile. The turnstile then unlocks and allows the customer to push the
turnstile and pass through the gate.

After the customer has passed through, the turnstile locks again. If a customer pushes the turnstile
while it is in the locked state, it will remain locked until another coin is inserted.

The turnstile has two possible states: locked and unlocked. The transition from one state to

another is as shown in the table below.

Current state Event Next state
Locked Insert coin Unlocked
Locked Push Locked
Unlocked Attempt to insert coin Unlocked
Unlocked Pass through Locked

Complete the state transition diagram for the turnstile:

6 Cambridge International AS & A Level Computer Science 9608




Paper 4

Mark scheme

Insert coin

- Y
NG 5_/’

unlocked
Attempt to
push insert coin
—
Pass through
star

Mark as follows:
1 mark for both states correct
1 mark for each further label [5]
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Paper 4

Example candidate response — high

1 A turnstile is a gate which is in a locked state. To open it and pass through, a customer inserts
a coin into a slot on the turnstile. The turnstile then unlocks and allows the customer to push the
turnstile and pass through the gate.

After the customer has passed through, the urnstile locks again. If a customer pushes the turnstile
while i is in the locked state, it will remain locked until another coin is inserted.

The turnstile has two possible states: locked and unlocked. The transition from one state to
another is as shown in the table below.

Current state Event _ Next state
Locked Insert coin Unlocked
Locked Push Locked
Unlocked Attempt 1o insert coin Unlocked
Unlocked Pass through Locked

Gomplete the state transition diagram for the turnstile:

Qt\bs\&\wu%\

s (5]
Examiner comment — high

Here the candidate correctly labelled the states. The possible events when the turnstile is in the locked state
are correctly identified. The candidate did not appreciate that from the unlocked state there can’t be the
same event resulting in two different states. The event ‘attempt to insert coin’ was not identified.

Total marks awarded = 4 out of 5

8 Cambridge International AS & A Level Computer Science 9608



Paper 4
Example candidate response — middle

1 Aturnsiile is a gate which is in a locked state. To open it and pass through, a customer inserts’
a coin into a slot on the turnstile. The turnstile then unlocks and allows the customer to push the
turnstile and pass through the gate.

After the customer has passed through, the turnstile locks again. If a customer pushes the turnstile
while it is in the locked state, it will remain locked until another coin is inserted.

The turnstile has two possible states: locked and unlocked. The transition from one state to
another is as shown in the table below.

Current state Event Next state :
Locked Insert coin Unlocked |
locked Push Locked

Unlocked Attempt to insert coin Unlocked

Unlocked ) Pass through Locked,

Complete the state transition diagram for the turnstile:

L Tnseck.min

cnlocked...

Atkenan. o

ingert coin

start

..... pass. erﬂ

I 5]

Examiner comment — middle

The candidate correctly labelled the states and the events that result in a different state. The events that do
not change the current state were applied to the wrong states.

Total marks awarded = 3outofb
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Paper 4

Example candidate response — low

1 A turnstile is a gate which is in a locked state. To open it and pass through, a customer inserts
a coin into a slot on the turnstile. The turnstile then unlocks and allows the customer to push the .
turnstile and pass through the gats. -

After the customer has pﬂﬂﬁEd mmugh. the turnstile locks again; If & customer DUEI'IEE the turnstile
whilg it is in the locked 61‘&16. it will remain [u-cked until another ¢oin is inserted.

The turnstile has two possible states: locked and unlocked. The transition from one state to
another is as shown in the table below.

Current state E\.!e nt i;hlext state
Locked Insert coin Unlocked
Locked Push . | Locked
Unlocked Attempt to insert coin Unlocked
Unlocked Pass through Locked

Complete the state transition diagram for the turnstile:

[8] .

Examiner comment — low

The candidate correctly labelled the states, noting that the turnstile starts in the locked state, as given in the
introduction of the question. However, the candidate did not appreciate that the arrows in the diagram
represent events.

Total marks awarded = 1loutofb
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Paper 4

Question 2

2 A declarative programming language is used to represent the knowledge base shown below:

01
02
03
04
05
0e
07
08
09
10
11
12
13
14
15
le

capital city(amman) .

capital city(beijing).

capital city(brussels).

capital city(cairo).

capital city(london).
city_in:country{amman, jordan) .
city in country(shanghai, china).
city in country(brussels, belgium).
city in country(london, uk).

city in country(manchester, uk).
country in continent (belgium, eurcpe).
country in continent(china, asia).
country:in:ﬁontinent(uk, seurope) .
city visited(amman) .

city visited(beijing).

city visited(cairo).

These clauses have the following meaning:

Clause Explanation
01 Amman is a capital city
06 Amman is a city in the country of Jordan
11 Belgium is a country in the continent of Europe
14 The travel writer visited Amman

(a) More facts are to be included.

The travel writer visited the city of Santiago which is the capital city of Chile, in the continent
of South America.

Write additional clauses to record this.

17

18

19

. 4]

Cambridge International AS & A Level Computer Science 9608
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Paper 4

Question 2, continued

(b) Using the variable ThisCountry, the goal
country in continent (ThisCountry, europe)
returns
ThisCountry = belgium, uk
Write the result returned by the goal:

city in country(ThisCity, uk)

o T
- [2]
(c) Complete the rule below to list the countries the travel writer has visited.
countries visited(ThisCountry)
.- [4]

12 Cambridge International AS & A Level Computer Science 9608



Mark scheme

2

(a)

(b)

(c)

capital city(santiago).

city in country(santiago, chile).

country in continent (chile,south america).
city visited(santiago).

accept in any order

ThisCity =
manchester
london

countries wisited(ThisCountry)
IF

city visited(ThisCity) 1
AND

city in country(ThisCity, ThisCountry)

[ —

Cambridge International AS & A Level Computer Science 9608

Paper 4

[4]

[2]

[4]
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Paper 4

Example candidate response — high

fa) More facts ars to be Included.

The travel writer visited the city of Santiago which is the capital city of Chile, in the aon!lﬁeﬂt
of Sauth America.

White additional clauses to record this.
17 cap:m,mcﬂﬂfsmh@ﬂ)

...................................................................................................................................................

18. C!tj_.. nN— Cﬂﬂﬂ{{? (-ﬁﬁ"ﬂ‘}‘ﬂc‘é‘gﬂ; Chi. !fr)

19 .ipthc"){- N=Gantingot. (Cb‘f% Seuihanecs. Cﬁ) ey

20 . Glérj-n Lﬁti-ﬁtd fﬁmﬁ!ﬁa)
[

(b) Using the variable ThisCountry, the goal

(©)

14

country in continent (ThisCountry, europe)
returns
ThisCountry = belgium, uk
Write the result returned by the goal:
city in country(ThisCity, uk)
ThisCity = iﬂndUﬂPMﬁ?nﬂkﬁﬁEr -
2]
Complete the rl.}le below to list the countries the travel writer has visited.

' i
countries visited(ThisCountry)

IF Qrfgm\fﬁf ted (hisct 5) = -:::tigj'-m -c:M{-ﬁv @h%@’;’%iﬁﬂ@’:ﬂ
........ dhen....auipeut m:,sﬁ‘mn-l—zj )

n}efﬂﬁe ﬂmﬂqmﬂﬁ Jerelen, Ching. - Wptﬁ.%g J’e,.
R T TR T Ty [4]
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Paper 4
Examiner comment — high

In part (a) the candidate converted the given facts correctly into clauses, taking care to show that atoms and
predicates are written with a lower case first letter.

In part (b) the candidate knew that the variable ‘ThisCity’ would instantiate first to London and then to
Manchester.

In part (c) the candidate realised that the clauses ‘city_visited’ and ‘city_in_country’ are needed to find out
which countries the travel writer has visited. The candidate also realised that variables were required.
However, the variables for ‘city_in_country’ were not in the correct order as the second variable represents
the country and therefore needs to match the variable used in the head of the rule. The response then
continues as an imperative IF statement rather than the required declarative statement making a rule.

Marks awarded for part (a) = 4/4
Marks awarded for part (b) = 2/2
Marks awarded for part (c) = 2/4
Total marks awarded = 8outof 10

Cambridge International AS & A Level Computer Science 9608 15



Paper 4

Example candidate response — middle
(a) More facts are to be included.

The travel writer visited the city of Santiago which is the capital city of Chile, in the conlinent
of South America.

Write additional clauses to record this. .
17 Cﬂtﬂbtﬂlmﬁc% (.Eiﬂh'llﬁﬂ.ﬁ) Bevrrmsssresmnmnsnnsns sennssnsmsnsrrs s sessannnssssnsesssngrrmssseseesansnsbns

18 Cﬂl.l-s\.)mm f.cw!lJfI‘ L%mn%caﬁ@. .(.Jm.le.}

19 Cﬂhn'h’jriﬂhﬂmi‘mﬂd'(@hlﬂ)'.i‘.mh'}hsam,("fﬁﬂ@}s ..............................
20 Q:*ﬁuﬂsﬁ}édc_ﬁnmhsﬁ.).ﬁ ...........................
(b) Using the variable ThisCountry, the goal
country_in_continent {ThisCountry, europe}
returns |
ThisCountry = belgium, uk
Write the result returned by the goal:
city in country(ThisCity, uk) :
ThisCity = 1n.nnjﬂhjﬂﬁh¢£15§+ﬂ{
(¢) Complete the rule below o list the -:ountrl‘e_s_the travel writer has visited.

countries visitediThisCQﬁntry}

IF w C;-.J'Dh.ma&mi Lrﬂ'iﬂz‘]:;l) Asnel..... mm@u ........................

T’i‘\m e
...... %_m L ){_711.,5;:,41 ‘thCam.'}ﬁ}

ﬂpuvl'”f‘.s._..m sJ}.ea{ £IEJ&.. 'riﬂuﬂ‘ﬂ. et ee b ea e bttt sa bt e srebsntan
L A VS 7 _
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Paper 4

Examiner comment — middle

In part (a) the candidate converted the given facts correctly into clauses. However, the response does not
clearly show that atoms and predicates are written with a lower case first letter.

In part (b) the candidate knew that the variable ‘ThisCity’ would instantiate first to London and then to
Manchester.

In part (c) the candidate realised that the clauses ‘city_visited’ and ‘city_in_country’ are needed to find out
which countries the travel writer has visited. The candidate also realised that variables were required.
However, the response is written as an imperative IF statement rather than the required declarative
statement representing a rule.

Marks awarded for part (a) = 3/4
Marks awarded for part (b) = 2/2
Marks awarded for part (c) = 1/4
Total marks awarded = 6outofl0

Cambridge International AS & A Level Computer Science 9608 17



Paper 4

Example candidate response — low

(a) More facts are fo be included.

The travel writer visited the city of Santiago which is the capital city of Chile, in the continent
of South Amarica.

Write additional clauses to record this.

1o oty inn cotrbrs...( Sonkiaga, Chile )
o ccountry 2o oot (. Chik., 5o Ao ...
20 iy i (SO0

{b) Using the variable ThisCountry, the goal

().

eountry in continent (ThisCountry, europe)

returns
ThisCountry = belgium, uk
Write the resull returned by the goal:

city_in_country(ThisCity, uk)

il

TRISCItY = e ODAON b

Complete the rule below to list the countries tha travel writer has visited.

countries visited(ThisCountry)

IF oo I:]J!'E}—'sﬂiﬁ'f‘éﬂ(:ﬂ“mm_) ....... ‘HJEH ......................
.......,......C.P,!-!!}i:ri.;s.ﬁ,.ui5.'!i§.d.,.,f.jﬁxdan,3 ....................................... s e s eeeesane
e bl ety vasited. . Serbiage) Hhen oo
..................... countviessisited C Chle )
O USSR 71

Candidate script = 654551214
(file name or centre & candidate number or Scoris/Assessor ID)

18
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Paper 4

Examiner comment — low

In part (a) the candidate converted the given facts correctly into clauses. However, the response clearly
shows the atoms written with an upper case first letter.

In part (b) the candidate correctly stated that the variable ‘ThisCity’ would instantiate to London. The
candidate did not appear to be aware that the variable could instantiate to other atoms when testing the
remainder of the knowledge base.

In part (c) the candidate responded with an imperative IF statement using some of the facts in the knowledge
base, but this is not a rule for a declarative program.

Marks awarded for part (a) = 3/4
Marks awarded for part (b) = 1/2
Marks awarded for part (c) = 0/4
Total marks awarded = 4outof 10

Cambridge International AS & A Level Computer Science 9608 19



Paper 4

Question 3

3

A shop gives some customers a discount on goods totalling more than $20.
The discounts are:

* 5% for goods totalling more than $100

* 5% with a discount card

*  10% with a discount card and goods totalling more than $100

(a) Complete the decision table.

goods totalling
more than $20 Y Y Y Y N N

goods totalling
more than $100 Y Y N N Y Y

Conditions

have discount card Y N Y N Y N

No discount

5% discount

Actions

10% discount

(b) Simplify your solution by removing redundancies.

goods totalling
more than $20

goods totalling
more than $100

[4]

Conditions

have discount card

No discount

5% discount

Actions

10% discount

20
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Question 3, continued

(c) The simplified table produced in part (b) is used as a design for program code.

Paper 4

The following identifier table shows the parameters to be passed to the function Discount.
This function returns the discount amount as an integer.

Identifier Data type
GoodsTotal INTEGER
HasDiscountCard BOOLEAN

Write program code for this function.

Programming JaNQUAGE ... ettt st e e s s e s sn e s bear s ee e s e s s san e anr e e s e s

Cambridge International AS & A Level Computer Science 9608
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Paper 4

Mark scheme

3

22

(a)

goods totalling

» | more than $20 Y Y Y N
| =
o
= | goods totalling
2 | more than $100 Y Y N Y
=]
&

have discount card Y N Y N

No discount X
W
| =
2 | 5% discount X X
(%]
L

10% discount X

1 1 1
mark mark mark S
[4]

(b)

goods totalling
«» | more than $20 Y Y Y
| =
;.2 goods totalling v v N
E | more than $100
S

have discount card Y N Y

No discount
w
| =
2 | 5% discount X X
[5]
<

10% discount X

1 mark per column

Cambridge International AS & A Level Computer Science 9608
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Paper 4

Mark scheme, continued
(c) Example Pascal

FUNCTION Discount (GoodsTotal: INTEGER; HasDiscountCard: BOQOLEAN)
INTEGER;

BEGIN
(1) IF GoodsTotal > 20
(1) THEN
(2) ("IF GoodsTotal > 100
(2) THEN
(3) (IF HasDiscountCard = TRUE
(2} _< THEN
(3) = Discount := 10
(2} < ELSE
(3) :; Discount := 5
(2) e ELSE
(4) IF HasDiscountCard = TRUE
(4) - THEN
(4) Discount := 5
(4) ELSE
(4) \h ~ Discount := 0
(1) ELSE
(1) Discount := 0;

END;
Example Python
def Discount (GoodsTotal, HasDiscountCard)
(1) (if GoodsTotal > 20:
(2) if GoodsTotal > 100:
(2} if HasDiscountCard == True:
(3) return 10
(2} else:
(3) < return 5
(2) alse:
(4) if HasDiscountCard == TRUE:
(4) return 5
(4) else:
(4) return 0
(1) kelse:
(1) return 0 [6]

Cambridge International AS & A Level Computer Science 9608 23



Paper 4

Example candidate response — high

(a) Complete the decision table.

24

Cambridge International AS & A Level Computer Science 9608

goods totalling
g | more than $20 Y Y Y Y N
o
= | goods totalling
2 [ more tnan $100 Yoy N N N
] -
have discount card b4 i Y M i
No discount v Ve
g
2 | 5% discount N
&
10% discount v - @
[4]
{b) Simplify your solution by removing redundancies.
| goods totalling . .\
@ | more than $20 Y ‘7' Y f’
-+ Q
+= | goods totalling
'g more than $100 Y Y | W
o
have discount card >/ N }’ 0
Mo discount v
]
=
2 | 6% discount vV
<
10% discount v
(3]



Paper 4
Example candidate response — high, continued
{c) The simplified table produced in part (b) is used as a design for program code.

The following identifier table shows the parameters to be passed to the function Discount.
This function returns the discount amount as an integer.

Identifier Data type
GoodsTotal INTEGER

HasDiscountCard BI:_JGLE:AN

Wirite program eode for this function,

Programming language U!EL‘-W{BHSIC

Function_Qiscount (ByVal_GondsTstal s {ﬁ*ﬁgﬂf%ﬂaﬂ{a@ﬂ’ﬁcmf@ﬁf

.....................................................................................

R T T e e e T L R P N T T T N ] T e T L LT L L LR LT TP T PP

If. Goods Total < 0.0 et
.................. S0z O e

...................................................................................................

.............................................................................................................

.gﬁ-ﬁ..i.f........qufs..']ﬁai.?.’.15?....».‘1ﬂd...fmﬂx.EM.QQQ..ﬁ.ﬁ....ﬂfﬁsﬁis@.tmmaﬂ;?ﬁﬂf Tien
o DIccount = Good sTotal 5. 55000 o
Elseif . Godsltal >100 . And. Has Digoun CGard = TRYE. Then.

e Dls0UNt < GoadsTotal X0 5400
R OB ot i

T TR R T G R T R R T R R R T R R RRT AR R R AR R

. [6]
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Paper 4
Examiner comment — high
In part (a) the candidate correctly ticked just one action for each combination of conditions.

In part (b) the candidate was able to distinguish which conditions could not be simplified. When the condition
that goods totalled more than $20 was not satisfied then all other conditions were irrelevant and so could be
replaced by a dash. So the candidate correctly replaced the four final columns in part (a) by just one column,
removing redundancies.

In part (c) the candidate used Visual Basic to answer this part. The function header included the parameters
but did not show the data type for the return value of the function. The candidate did not appreciate that a
local variable of the same name as the function is not possible. The candidate tried to deal with the last
column of the answer in part (b) first but did not realise that the opposite to testing for GoodsTotal > 20 is in
fact testing for GoodsTotal <= 20. The candidate used nested IF statements to some extent, but could have
improved on this rather than writing complex conditions involving AND.

Marks awarded for part (a) = 4/4
Marks awarded for part (b) = 5/5
Marks awarded for part (c) = 3/6
Total marks awarded = 12 out of 15

26 Cambridge International AS & A Level Computer Science 9608



Example candidate response — middle

(a) Complete the declsion table.

Paper 4

goods totalling
@ | more than $20 Y Y N N N
=}
= | goods totalling _
g more than $100 Y N, Y Y N
have dis¢ount card Y M Y N M
No discount v ~
2
2 | 5% discount 7’
<
" | 10% discount Y ~
[4]
(b) Simplify your solution by removing redundancies.
goods totalling W
@ | more than $20 Y N N
[#]
= | goods totalling ~/
E more than $100 1 b N
have discount card \;/ \![ ™ -
Mo discount “‘f
W
5 .
b5 5% discount ~
q .
10% discount ~ N

Cambridge International AS & A Level Computer Science 9608
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Paper 4

Example candidate response — middle, continued

(¢) The simplified table produced in part (b) is used as a design for program cods.

The following identifier table shows the paramelers to be passed to the function Discount.

This function returns the discount amount as an integer.

Identifier Data type
GoodsTotal IHTREGER
HasDiscountCard BOOLEAN

Write program code for this function.

Programming [ANGUAGE vt B2 e eessescssesiesessssssesesssssssassessen: eerrraree e ae e

ca-lE :B‘lﬁ.{.‘:‘l-\f&.' Lﬁ’bba‘ffw IHGR'EI"SELH}C&\FA_)

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

......................................................................................................................................

Nq.qunm‘r = "\‘#L&bna\? ni‘oa‘n* D qL )

2% o Ted €100 03 Cuotvnnup ™

NewDiseus “iat (GoodsTived * mrs)

M (Codilitoh 7 60) 03 (WeDrgounCosd = W Y

NesoDisGounk <ok ( Coondilibek * ©.98 )

lllllllllllll L e e

elie. '

MW 3“‘#%‘? fjaa.BSTﬂ—M

Do (119

--------------------------------------------------------------------------------------------------------------------------------------
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Paper 4

Examiner comment — middle

In part (a) the candidate identified the correct actions when the goods totalled more than $20, but did not
appreciate that as soon as the goods do not total more than $20 no discount is given.

In part (b) the candidate recognised some of the conditions which could not be simplified, but did not notice
that when goods do not total more than $20 then all other conditions are irrelevant as no discount is given.

In part (c) the candidate used Python to answer this part. The code is correctly indented and the nested IF
statements correctly formed. This suggests practical programming experience. The function header correctly
showed the parameters but the function body does not return a result. The question stated that the
parameter HasDiscountCard is Boolean. However, the candidate handles the parameter values as though
they were character values Y or N. The candidate does not check whether the goods total is over $20 but
less than or equal to $100.

Marks awarded for part (a) = 3/4
Marks awarded for part (b) = 3/5
Marks awarded for part (c) = 2/6
Total marks awarded = 8outofl5
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Paper 4

Example candidate response — low

{a) Complete the decision table.

goods totalling
more than $20

goods totalling
more than $100

Conditions

have discount card

Mo discount

Actions

5% discount

10% discount

—
o
]

Simplity your solution by removing redundancies.

(4]

Conditions

goods totalling
more than $20

goods totalling
mare than $100

have discount card

Actions

No diseount

5% discount

10% discount

30
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Paper 4
Example candidate response — low, continued
(c) The simplified table produced in part (b) is used as a design for program code.

The following identifier table shows the parameters to be passed to the function Discount.
This function returns the discount amount as an integer.

Identifier Data type
GoodsTotal INTEGER
HasDiscountCard BOOLEAN

Wrile program code for this function.
Programming language ... 1":'j H* =Tt S | .
def Discomat t{ Goadiﬁia.t,f Has. bts coumk Cﬂm‘*)
... Gesds Total () > 100 w& Has DaGnitared() 2=

................................ Discmusddwiount= 1O
et Gocdﬂﬁ&@l 04180, aveh . Haa [‘:inacwm’riqrcl‘{ ] e ?
D LS 'ﬁkm"f'&hm < ':-r.'i}ﬂr)f»_‘ .S

it ﬁ;mgptgmal Qoo aud. mmm&mm&mr:ﬂ
I T TR o T XV O =S

........... 8{3?;’
LD Bcaund fonnt = 0

e e e e e S B R e e e e R R TR R R R R T R P R R R R R ERT AR
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Examiner comment — low

In part (a) the candidate identified the correct actions when the goods totalled more than $20, but did not
appreciate that as soon as the goods do not total more than $20 no discount is given.

In part (b) the response is a deduction from part (a). However, the candidate needed to check whether this
answer makes sense. The question stated that discount is only given when goods total more than $20. So
completing the first row with the ‘don’t care’ symbol is clearly incorrect.

In part (c) the candidate used Python to answer this part. The function header correctly showed the
parameters and the function body returns the calculated result. The question stated that the parameter
HasDiscountCard is Boolean. However, the candidate handles the parameter values as though they were
character values Y or N. The candidate does not check whether the goods total is over $20 but less than or
equal to $100.

Marks awarded for part (a) = 3/4
Marks awarded for part (b) = 0/5
Marks awarded for part (c) = 2/6
Total marks awarded = 5outofl5
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Question 4

4 A payroll program is to be written using an object-oriented programming language. An Employee
class is designed. Two subclasses have been identified:
* HourlyPaldEmployee who is paid a monthly wage calculated from their hourly rate of pay
and the number of hours worked during the month
* SalariedEmployes who is paid a monthly wage which is one 12th of their annual salary

(a) Draw an inheritance diagram for these classes.

[3]
(b) The design for the Employes class consists of:
= properties
o EnployeeName
o EmployeelID
o  AmountFPaidThisMonth
*  methods
o SetEmployeeName
o SetEmployeelD
o CalculatePay
Write program code for the class definition of the superclass Employee.
Programming [ANGQUAGE ...ttt et e e e et e e e e e et eeatee e e e e e emae e ae e e emne e e een
.. [5]
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Question 4, continued
(c) (i) State the properties and/or methods required for the subclass HourlyPaidEmployee.

- [4]

(ii) State the properties and/or methods required for the subclass salariedEmployee.

.. [2]

(d) Name the feature of object-oriented program design that allows the method CalculatePay
to be declared in the superclass Employee.

1]
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Mark scheme

4 (a)

Frployes

HourlyFPaidimployee SalariedEmployes

[3]

(b) Example Pascal
Type
Employee = CLASS
PUBLIC
procedure SetEmployeeName
Procedure SetEmployeelID
Procedure CalculatePay
PRIVATE
EmployeeName : STRING
EmployeeID : STRING
AmountPaidThisMonth : Currency
END;

Mark as follows:

Class header (
PUBLIC and FRIVATE used correctly (
EmployeeName + EmployeeID (1 mark)
AmountPaidThisMonth (
Methods x 3 (

Example VB

Class Employee
Private EmployeeName As String
Private EmployeelID As String
Private AmountPaidThisMonth As Decimal
Public Sub SetEmployeceName ()
End Sub
Public Sub SetEmployeeID()
End Sub
Public Sub CalculatePay()
End Sub

Example Python

Class Employee() :

def init (self):
self. FEmployeeName =
self. EmployeelD = ""
self. AmountPaidThisMonth = 0

def SetEmployeeName (self, Name):
self. EmployeeName = Name

def SetEmployeelID(self, ID):
self. EmployeelID = ID

def SetAmountPaidThisMonth (self, Paid):
self. AmountPaidThisMonth = Paid [max 5]

nn
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Mark scheme, continued

36

(c) (i) HoursWorked
HourlyPavyRate
SetHoursWorked
CalculatePay : Override
SetPayRate

(ii) AnnualSalary

SetSalary
CalculatePay : Override

(d) Polymorphism

= A = A

[max 4]

1 [max 2]

1]
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Example candidate response — high

(a) Draw an inheritance diagram for these classes.

l, ET\"'\"EET

-

oty Pl Epe2] Canred oy

(3]

(b) The design for the Employee class consists of:
*  properties
¢ EmployeeName
© EmployeelD
© AmountPaidThisMonth

* methods
© SetEmployeeName
© SetEmployeelID
¢ CalculatePay

Wirite program code for the class definition of the superclass Employee.

PO D SO s e e, o L e L

....... f:'nﬂ ‘j‘?"‘f“"&“
m’wlwm,mmm ..... R e TR CETR R S

B Ao iod DuMeantls, b RIEY s R N L

---------------------------------------------------------------------------------------------------------------------------------------------------
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Example candidate response — high, continued

(e) (i) State the properties and/or methods required for the subclass Huurly?aid!‘.mpla},ra.e,

e ekt HowWPablEmelowe  will.... oebesfi % o) poperies,
and. wetbods _ Sora Hae. . swperios . Fagiouca.. Toe. subclart

efd s p@perties [4]

(i) State the properties andfor methods required for the subclass SalariedEmployee.

e subelel Salalid Buplogen il ako. iedk. ol p@perties
d welbedt S V.. Seqeleds.. avpla e BXThe. propestiss......

L Jegpted for . fon . subelonds ol M€ ... the... cunned salary......
{H@M‘le ..... I 12)

(d) Name the feature of object-oriented program dasign that allows the method CalculatePay”
to be declared in the supercldss Emplavee. :

B L s e

TSROl & ) I

Examiner comment — high

In part (a) the candidate correctly drew the superclass and the two subclasses, and connected each
subclass to the superclass. The candidate did not complete the inheritance diagram showing the relationship
with an arrow pointing from the subclass to the superclass.

In part (b) the candidate should have stated the programming language as VB.Net in the first line of the
answer space. The candidate shows excellent knowledge of how to declare a superclass.

In parts (c)(i) and (ii) the candidate correctly states the extra properties required for the subclasses
HourlyPaidEmployee and SalariedEmployee but does not state the additional methods required.

In part (d) the candidate recognised that the feature used here is polymorphism.

Marks awarded for part (a) = 2/3
Marks awarded for part (b) = 5/5
Marks awarded for part (¢) = (i) 2/4, (i) 1/2
Marks awarded for part (d) = 1/1
Total marks awarded = 1loutof15
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Example candidate response — middle

(a) Draw an inheritance dlggg_m_m_mamm
Employel

Errplogedowme AS
s D A Mtesen
Avwqu:.ﬁkLaNM“\%‘ﬂJ\:
=3
Y Bounifoud € myglorg 2
hnhoiThe Ernployl
Kousdlsponts Ag |
HOunky Lol As
A5 A
(b) The design for the Employee class consists of:
*  properties
© EmployeeName
© EmployeelD
© AmountPaidThisMonth
* methods
© SetEmployeeName
© SetEmployeelD
¢ CalculatePay
Write program code for the class definition of the superclass Employee.
RIOT NG JADOUEDE . NI ... o o oo oo il sbeb e b amson s shesnrasrimarialiy
fublic, _Clael. Evpiougly. . b AR
Dann.... Eonvglenye€ Nowne....... Pg&ww;b ........................................................
Paim.....omn phanags . R . o U NP I B Al S
Dy, hesank loud ThioMenibs.... As....&m ISR S
Quenricble.... ... COMME T L)t
........ B A L e
LonplogeeNoume. . q... donna®ld.  Read Ladas s e
e'n\q ..... By W] 49\4\@4 AL QEMW .........................................
E‘N:iﬂ% ........................................................................................................................
.............................................................................................................................................. (5]
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Example candidate response — middle, continued

Yo h.éﬂ h{i} E?;e the properties and/or methods required for the subclass HourlyPaidEmplcyes.
..... Luce..... iouodleiatiemnth., Moudy aaks.. 5. Lkt a....
- Onenas..... Sk ot Poud......
AmmFm% Mémlbze, fmwm* wmr
BB N e TA]

(i) Stats the pr-::rpert:ea and/or methods reql.ured for the subclass SalarisdEmployees.

! 'mu’cg, ,.a-a -
" D Pm NTE1L

-2l

(d) Name the fealuna of object-oriented program design that allows the methed CalculatePay
to be declared in the superclass Employes.

Examiner comment — middle

In part (a) the candidate correctly drew the superclass and the two subclasses, and connected each
subclass to the superclass. The candidate did not complete the inheritance diagram showing the relationship
with an arrow pointing from the subclass to the superclass. The inclusion of the properties is not required for
an inheritance diagram.

In part (b) the candidate displayed some knowledge of how to declare a class in VB.Net. The class heading
and ending is correct and one method is provided, although three methods were required as part of the
guestion. The properties of a class should be declared using the keyword Private rather than Dim.

In parts (c)(i) and (ii) the candidate correctly states the extra properties required for the subclasses
HourlyPaidEmployee and SalariedEmployee. The candidate also realised that the method CalculatePay
needs to be redeclared for each of the subclasses.

In part (d) by stating ‘overriding’ the candidate demonstrates some understanding of what the question is
asking but this is not the correct term required here.

Marks awarded for part (a) = 2/3

Marks awarded for part (b) = 2/5

Marks awarded for part (c) = (i) 3/4, (ii) 2/2
Marks awarded for part (d) = 0/1

Total marks awarded = 9outofl5
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Example candidate response — low

(a) Draw an inheritance diagram for these classes.

Dulpot tonthiy

Wiofe .

—— i
i T
Fantjies vy ek o=
Caleuale ':«mm, : '\M\Hwbgp““‘%"l'
‘ Y G“\Hqunﬁz hnpual |
Qupot MoathlyWnge <alaity |

(b) The design for the Employee class consists of:
*  properties
© EmployeeName
© EmployeelD
© AmountPaidThisMonth

*  methods
@ SetEmployeeName
O SetEmployeelD
© CalculatePay

Write program code for the class definition of the superclass Employee.

Programming language s L e LBV E T s RS
........ I¥riickive DapiiGeel "o et POl s )
.................. > \mwp\oawﬂomm%m

-------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------

....................................................................................

---------------------------------------------------------------------------------------------------------------------------------
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Example candidate response — low, continued

{c} (i) State the properiies and/or methods required for the subclass Hdur]EyEaidEmpluyee.

TR roageiiert.. . ARndy TR EoVIRgee... s8I B8, A
m%m%m,, Em{?\a%eﬁ:m ~5I.-\:u;:x;:wr\:gfiinzt;.‘:ﬂ slﬁ?mé ond Ny m\:ﬂrﬁ?—

(i) * State the properties and/or maihﬂds requirsd for the subclass SalariedEmployee.

‘T, propodiey uwall ke v Ecr{?\ﬂﬂepm....ﬂ.. W Empisies | Rond
Aol ‘é-mlmxi TR ﬁm\%\ﬁwe«%ewﬁba mwmel

(d) Name_ihe fealure, of object-oriented program design that allows the ""'Ethﬂd CalculatePay
to bé declared i in the superclass Employee.

S EEEE B R ERRE R “.......E.“g. ,%.:,.‘Iﬁ ..U".]““ T L T e T ey TR T T T e TR T )

Examiner comment — low

In part (a) the candidate correctly drew the superclass and the two subclasses, and connected each
subclass to the superclass. The candidate did not complete the inheritance diagram showing the relationship
with an arrow pointing from the subclass to the superclass. The inclusion of properties and methods is not
required for an inheritance diagram.

In part (b) the candidate does not appear to have any knowledge of how to declare a class in VB.Net. The
answer given here is an attempt at the declaration of a record. The keyword Dim is not appropriate here.

In parts (c)(i) and (ii) the candidate included the properties required for the subclasses HourlyPaidEmployee
and SalariedEmployee as well as the inherited properties which did not need listing here. The candidate
misinterpreted the term ‘method’ and described how the calculation of pay should be performed rather than
giving the identifier of the subclass methods required.

In part (d) the candidate provides an object-oriented programming term that applies to all classes, not the
required term for methods that behave differently for different subclasses.

Marks awarded for part (a) = 2/3

Marks awarded for part (b) = 1/5

Marks awarded for part (¢) = (i) 2/4, (ii) 1/2
Marks awarded for part (d) = 0/1

Total marks awarded = 6outofilb
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Question 5

5 Datais stored in the array NameList [1:10]. This data is to be sorted.

(a) (i) Complete the pseudocode algorithm for an insertion sort.

(ii)

FOR ThisPoOINTET = 2 TO cccvecmrioriireme e e e e senee s

// use a temporary variable to store item which is to
// be inserted into its correct location
Temp <«— NamelList [ThisPointer]

Pointer « ThisPointer - 1

WHILE (NamsList[Pointer] > Temp) BND .o ereen s
// move list item to next location
NamMEList [vevereinimeirenrrenmmemenese] = NAMELI ST [vvrieeeriiiernereenerreenennsennss |
POINEET €= ciieiieieeem e s s semeesresee e s e e e e

ENDWHILE

// insert walue of Temp in correct location
JO L= = o [ B TR

ENDEOR

[7]

A special case is when NameList is already in order. The algorithm in part (a)(i) is
applied to this special case.

Explain how many iterations are carried out for each of the loops.

.. [3]

Cambridge International AS & A Level Computer Science 9608
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Question 5, continued

(b) An alternative sort algorithm is a bubble sort:

FOR ThisPointer « 1 TO 9
FOR Pointer « 1 TO 9
IF NamelList[Polnter] > NameList[Pointer + 1]
THEN
Temp < NamelList[Pointer]
NameList[Polnter] +«— NamelList[Polnter + 1]
NameList[Pointer + 1] « Temp
ENDIF
ENDEFOR
ENDFOR

(i) Asin part(a)(ii), a special case is when NameList is already in order. The algorithm in
part (b) is applied to this special case.

Explain how many iterations are carried out for each of the loops.

.12
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Question 5, continued

(ii) Rewrite the algorithm in part (b), using pseudocode, to reduce the number of
unnecessary comparisons. Use the same variable names where appropriate.

.- [5]
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Mark scheme
5 (a) (i) FOR ThisPointer € 2 TO 10

// use a temporary wvariable to store item which is to

// be inserted into its correct location
Temp € NameList[ThisPointer]
Pointer € ThisPointer - 1

WHILE (NameList[Pointer] > Temp) AND (Pointer > 0)

// move list item to next location
NamelList [Pointer + 1] € NamelList [Pointer)
Pointer € Pointer - 1

ENDWHILE

// insert wvalue of Temp in correct location
NameList [Pointer + 1] Temp$

ENDFOR

1 mark for each gap filled correctly

(ii) The outer loop (FCR loop) is executed 9 times
it is not dependant on the dataset

The Inner loop (WHILE loop) is not entered
as the condition is already false at the first encounter

(b) (i) outerloop is executed 9 times
inner loop is executed 9 times (for each iteration of the outer loop)
not dependant on the dataset

(ii) NumberOfItems € 10
REPEAT

NoMoreSwaps < TRUE

FOR Pointer € 1 TO NumberOfItems - 1

IF NamelList[Pointer] > NamelList [Pointer + 1]

THEN
NoMoreSwaps € FALSE
Temp € NameList [Pointer]

(1 mark)
(1 mark)

(1 mark)
(1 mark)

(1 mark)
(1 mark)
(1 mark)

Namelist [Pointer] € Namelist [Pointer + 1]

NameList [Pointer 4+ 1] € Temp
ENDIF
ENDFOR
NumberOfItems €< NumberOfItems - 1
UNTIL NoMoreSwaps = TRUE

Mark as follows:

» change outer loop to @ REPEAT /WHILE loop (1 mark)
» FORloop has variable used for final value (1 mark)
« Initialise Boolean variable to TRUE (1 mark)
e setBoolean variable to FALSE in correct place (1 mark)
= number of items to consider on each pass decrements (1 mark)
= Correct stopping condition for REPEAT loop (1 mark)
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Example candidate response — high
5 Datais stored in the.array HameList [1:10]. This data is to be sorted,

(a) (i) Complete the pseudocode algorithm for an insertion sort.

FOR ThisPointer « 2 TOD /fQ
// use a temporary variable to store item which is to
// be inserted into its :-.or:éec:t locatian
Temp +— Na.rn.eList[ThisE'ointar]

Pointer +— ThisPointer — 1

WHILE (NameList[Fointer] > Temp) AND ﬁ’@""‘ﬁ'r‘}@/{ .

J/ move list item to next location

mamerist [ febadd ] — Namenist[.. fwby
Pointer + %éﬁiﬁﬁr“"{
ENDWHILE

[/ insert value of Temp in correct location

HameList[.....@cﬂ“.'.".t‘.'t’...f‘f.ﬂ.,.........,.] — —Lﬂnlng?m

ENDFOR
[7]

(i) A special case is when NameList is already in order. The algnrlthm in part (a)(i) is
applied to this special case.

Explain how many jlerations are carried out for each of the loops.

e, D, T L, R T
... . JVW):!M»J ..... witdl.. ﬂw

ke A Lo b g

eeeeeeeeememeseeeereeeseeneeeeereenreees [3]
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Example candidate response — high, continued
(b} An alternative sort algorithm is a bubble sort;

FOR ThisFointer «+ 1 TD 9
FOR Pointer «— 1 TO 9
IF NameList[Pointer] > NamaList[Pointer + 1]
THEW
Temp +— WameList[Pointer]
MamelList [Pointer] + Hamelist[Pointer + 1}
HNameLis=t [Pointer + 1] + Temp
ENDIF
ENDIFOR
ENDFOR

(i) As inpart (a)(ii), a special case is when NameList is already in order. The algorithm in
part (b} is applied to this special case.

Explain how many iterations are carried out for each of the loops.

OV L 00 b, Y. Code.......
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Example candidate response — high, continued

(i) Rewrite the algorithm in part (b), using pseudocode, to reduce the number of
unnecessary comparisons. Use the same variable names where appropriate.

—
—
L L T T T e R R e e LI E R EE T R T T e P T
f } L E
K sbasamanaksnn oo R R R R R R R FRT I RS F R AR F AR S SR S SRR RS R R SR R

EEEBAEE LS R R R AR R JMlliillllliHillrli#i-‘l AEEEEE L T R PR N e T

WA or el MGW“”
W—Ti

R R B R BB R B R R R S RS S R R R RS R SR R e AR RR SRR R RE

. <L Nmfw!:ﬂwlﬂﬂ > E&Mﬁmﬂ
..é.ﬁ’méﬁ[lﬁdn] ............................
..................... .....dzw;iw,frﬂg,si...H..améﬁﬁw&ml.,.,..
______________________ Wmtmmléw
______________________ . 1 (! 2./

....................... B E RS R R BRI E R AT " e R R

--------------------- uin]n;ulllunnl+-|-|-|lln1ln"n+ﬂ1l HEEEAE S EEEE RN AR R S R A R

Eline

L T T T L TR L L L L

L4

L LR R e e LT T L]

Examiner comment — high

In parts (a)(i) and (ii) the candidate demonstrates excellent understanding of the insertion sort algorithm. The
only inaccuracy is that the second condition for the WHILE loop would terminate the loop too early. The
candidate correctly recognises that the WHILE loop will not execute at all when the NamelList is already in
order. However, the fact that the FOR loop will execute 9 times regardless of the state of NamelList is not
mentioned.

In part (b)(i) the response here is not very clear. The candidate needs to state that each FOR loop will
execute 9 times as they are not dependent on any condition. In part (b)(ii) the candidate demonstrates
excellent understanding of how a bubble sort operates and where changes are possible to improve
efficiency. The candidate realises that the outer loop can be changed to a conditional loop, so it terminates
when there are no more changes, and the inner loop does not need to examine every element every time.
With each iteration of the outer loop, another element will be in its correct position and therefore the upper
value of the FOR loop can be decreased.

Marks awarded for part (a)
Marks awarded for part (b)

() 617, (i) 2/3
() 1/2, (i) 5/5

Total marks awarded 14 out of 17
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Example candidate response — middle

5 Data is stored in the array NameList [1:10].This data is to be sorted.

(a) () Complete the pseudocode algorithm for an insertion soft.

10

FOR ThisPointer « 2 TO ...l i
/{ use a temporary variable to store item which is to
/f be inserted inteo its correct locatien
Temp +— HameList'[ThisFointer]

Pointer + ThisPointer - 1

WHILE (NameList[Pointer] > Temp) AND QP“"‘I'-“"?:\}

// move list item to next location

NamaLlst[.Tk‘.if.?..gE}.!i;&é ........ ] +— NameList]. E}m@&'—ﬂ S—
Pointer « ... Yewses = 1

ENDWHILE

S/ insert wvalue of Temp in correct location
MameList | ?'&"q"“‘ S T‘-’-W\? ............................

ENDFOR
(7]

{ii) A special case is when NameList is already in order. The algorithm in part (a)(i) is
applied to this special case.

E)(p]all't how many iterations are carried UU[ r eac-h of the |UD'|:|5
No 2 eirR... Jtesmlhm'n " "'mw?& A, hiﬂl pe..cosied ok
b:vk—h “bjg‘a-nhmgm;\vﬁ

“f‘w— Rsmacann . e S Condi Xia st I N
e Novne hat{.?hr“tﬂ)'?twkhﬂ“ﬁﬂhi ................
gm&?@}&c}# »\ch bmg Wil Y casiied

o vi R attmm ................................................................... i3]
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Example candidate response — middle, continued

(b) An alternative sort algorithm is a bubble sort: ”

FOR ThisPointexr «<— 1 TO 9
FOR Pointer <~ 1 TO 9
IF NameList[Pointer] > NameList[Pointer + 1]
THEN
' Temp.+— NameList [Pointer]
NameList[Poinger] +— NameList [Pointer + 1]
NameList [Pointer + 1] « Temp
ENDIF *
ENDFOR
ENDFOR

(i} Asin part (a)(ii), a special case is when NameList is already in order. The algorithm in
part (b) is applied to this special case. '

Explain how many iterations are carried out for each of the loops.

........ oM kesalion.. foops mlh. be casticd Jhe..........
Qfaarmvs ing Yo Compare.each. dda it
e e oot %ﬁc%ﬁ«x&mwﬂhw&k
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Example candidate response — middle, continued

(i) Rewrite the algorithm in part (b), using pseudocode, to reduce the number of
' unnecessary compariscns. Use the same variable names where appropriate.

ED{ This Pmy\if,r | 1.

e e by T T e P e PP L

pbt £r = \ tno! m"‘hg'l‘:‘t'-‘

............................................................... Ermmm e e e mEEE S

S Nams Lint (Pointes}. 2. Catomebink Pridtas 4.3,

B EEE B R SR RN NN E NSRS REEE B R R R R R R R R R R AR w

e e LGP F N O mﬁe\-w’i,[ﬁ’m ...............

O mmt-‘-—mhL m‘fiU) Feene Q e Link. L?nu s x 'l\
............ N Lok @oimter 50) 2 L2

—

R R PR R L S R R R N N

Evd Foe

----------------------------------------------------------------------------------------------------------------------------------- B EEbE
tmgﬂf, ......................

B A R R R
A eSS S RS S LN RS LRSS L R R AR AN R .
T L L T o o . A —— EEEmEmEEE BT EE R PR R R AR TR EETET NN UR P ECED ORI AN CEARETT TP IANNMAR IS A P g m A -
R R R S B B B R AR B L ARRE B BRI A SR EEN SRR AR R
Ry S —

Examiner comment — middle

In part (a)(i) the candidate demonstrates very good understanding of the insertion sort algorithm. There is
some confusion over which pointer to use when moving a list item to the correct location. In part (a)(ii) the
candidate correctly recognises that the WHILE loop will not execute at all when the NamelList is already in
order and that the FOR loop will execute nine times regardless of the state of NamelList.

In parts (b)(i) and (ii) the candidate appears to have some understanding that for each iteration of the outer
loop the inner loop is executed a set number of times. The misunderstanding that each loop iterates 8 times
rather than 9 times results in the answer of 64 rather than a total of 81 iterations. The candidate realised that
one way of making efficiency gains is to restrict the number of times the inner loop iterates for each iteration
of the outer loop.

Marks awarded for part (a)
Marks awarded for part (b)

(i) 5/7, (ii) 3/3
(i) 072, (ii) 2/5

10 out of 17

Total marks awarded
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Example candidate response — low

5 Datais stored in the array NameList[1:10]. This data is to be sorted.
(a) (i) Complete the pseudocode algorithm for an insertion sort.

FOR ThiSPOInter < 2 0w humemmmmmmmnnn
// use a temporary variable te store item which is to
// be inserted inte its correct locaticn
| 7 9ysT 72 4w Temp < NameList[ThisPointer]
v T Fointer + ThisPointer - 1

JWHILE {IﬂamaList[P;ir:.ter] > Tamp) AND LE“&WL}D)
. // move list item te next location
"} nameListl.. DA ) Namemistl.. ‘M
Pointer + Pﬂll\h&f - 1
\ENDWHILE

S/ insert wvalue of Temp in correct location

NameList[....:ﬂl'i&x'b'i:‘r‘}ﬂ/.(.”“m] — TM?’-?

ENDFOR L .

[7]

(i) A special case is when NameList is already in order. The algorithm in part (a)(i) is
applied to this special case.

E:-cplain how many iterations are carried out for each oi thB loops.

Mo, WHILE \eow nower. rﬂ oteabe
dﬁﬂ«u‘:w B lisk ore e ader,
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Example candidate response — low, continued

{b) An alternative sort algorithm is a bubble sort:

FOR ThisPointer «— 1 TO S

FOR Pointer +— 1 TO & .
IF NameList[Pointer] > WameLlist[Pointer + 1)

THEN. .
Temp +— HWameList[Pointer]
HameList [Pointer] + HamelList [Pointer + 1]

_ MameList[Pointer + 1] +— Temp

_ENDIF
ENDFOR

O

ENDFOR

(i} Asin part (a)(il), 2 special case Is when HameList is already, in-order. The algorithm in
part (b) is applied to this special case. .

Explain how many lterations are carred out for each of the loops.

ek FR L. fesabon. adhy..onse.. The. scond FOR Lemp....

nmwfismttﬁkﬁ-fﬂ'!&mml—wa; ..... St WP"UMWE ........ 2]
on ko “Wﬂ“ nexk zPos&tw, |
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Example candidate response — low, continued

(i) Rewrite the algorithm in part (b), using pseudocode, o reduce the number of
unnecessary comparisons. Use the same variable names where appropriate.

TR, TPk LTS
TR Padec <\ O
JfNMﬁtL?mM;] o Nmbstifmkﬁ(..m. .....
R £ 1 S,
............................ Tun? %NMLS{']:%&W‘] .
NWLLS{ZI:PmMJ‘?NWL{Pm&N%’G ..........
e Narel oo LS Tomd

BEEEA RS A RAR TR PR S S R RS SR s B e e e T

AR R R R I R K R A EE A R R

E‘_ﬂbmﬁ..uu"u“..uuu“..“...n.....q.“q...uu.;u.H,.uH,..,..++“.u..1.......+“,1.....,..H,..,..,..1.|++u.-.....-..-.-u-|-..-..-i+

B SRR R R R R AR AR SRR BRI AR R RS SR IR A O R RES R A SRR AR RS SRR
.............. E e e T T
. = .
R R SR R R R R R e e e e
[

Examiner comment — low

In part (a)(i) the candidate clearly understands that the FOR loop needs to iterate once for every list item
except the first one. The complex condition of the WHILE loop is correct although the candidate is not clear
how to move a list item to the next location. The candidate seems unaware that although Pointer is set to
one less than ThisPointer before the WHILE loop, the value of Pointer changes within the WHILE loop.
Therefore, when moving the contents of Temp to the correct location, (Pointer +1) must be used as index,
not ThisPointer. In part (a)(ii) the candidate understands that the WHILE loop is not entered when NameList
is in order, although the explanation is a little too vague. The candidate recognises that the FOR loop will
always iterate 9 times.

In parts (b)(i) and (ii) the candidate states that the inner FOR loop iterates 9 times. This is true, but it will do
so for each of the 9 times that the outer FOR loop iterates. The candidate seems to be unaware of this.
Consequently the revised pseudocode is not an improved solution for the bubblesort algorithm. The only
difference to the original pseudocode is that the inner loop does not address the 9™ element. This means that
the last element will not necessarily be in the correct position.

Marks awarded for part (a)
Marks awarded for part (b)

@) 417, (ii) 2/3
() 1/2, (ii) 0/5

7 out of 17

Total marks awarded
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Question 6

6 A queue Abstract Data Type (ADT) has these associated operations:

*  create queue
e add item to queue
*  remove item from queue

The queue ADT is to be implemented as a linked list of nodes.
Each node consists of data and a pointer to the next node.
(a) The following operations are carried out:

CreateQueus
AddName ("A1i")
LddName ("Jack")
LddName ("Ben")
LddName ("2hmed")
RemoveName

AddName ("Jatinder™)
REemoveName

Add appropriate labels to the diagram to show the final state of the queue. Use the space on
the left as a workspace. Show your final answer in the node shapes on the right:

[3]
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Question 6, continued

(b) Using pseudocode, a record type, Node, is declared as follows:

TYPE Node
DECLARE Name : STRING
DECLARE Polnter : INTEGER
ENDTYPE

The statement
DECLARE Queue : ARRAY[1:10] OF Node
reserves space for 10 nodes in array Qusue.

(i) The CreateQueue operation links all nodes and initialises the three pointers that need
to be used: HeadPointer, TailPointer and FresPointer.

Complete the diagram to show the value of all pointers after CreateQuesue has been

executed.
Queue
HeadPointer Name Pointer
[1]
[2]
TailPolinter [3]
[4]
[5]
FreePointer [e]
[7]
[8]
[9]
(10]

4]
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Question 6, continued

(ii) The algorithm for adding a name to the queue is written, using pseudocode, as a
procedure with the header:

FROCEDURE AddName (NewNames)
where NewName is the new name to be added to the queue.

The procedure uses the variables as shown in the identifier table.

Identifier Data type Description

Queue Zrray([l:10] OF Node | Array to store node data
NewName STRING Name to be added
FreePointer INTEGER Pointer to next free node in array
HeadPointer INTEGER Pointer to first node in queue
TailPointer INTEGER Pointer to last node in queue
CurrentPointer INTEGER Pointer to current node

PROCEDURE AddName (BYVALUE NewName : STRING)

// Report error if no free nodes remaining

IF FreePointer =0
THEN

Eeport Error

ELSE
// new name placed in node at head of free list
CurrentPointer <« FreePointer
Queue [CurrentPointer] .Name <« NewName
// adjust free pointer
FreePointer <« Qusus[CurrentPointer] .Pointer
// 1f first name in gqueues then adjust head pointer
IF HeadPointer = 0

THEN
HeadPointer <« CurrentPointer

ENDIF
// current node is new end of gqueue
gueue [CurrentPointer] .Pointer « 0
TazilPointer <« CurrentPointer

ENDIF

ENDPROCEDURE
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Question 6, continued

Complete the pseudocode for the procedure RemoveName. Use the variables listed in
the identifier table.

PEOCEDURE EemoveName ()

// Report error if Queue is empty

OUTPUT QUEUE [teireirarrrcrrarrarterassasensasssrarsmrmssmssnssssassansannsans] « NATE

// current node is head of gueus

// update head pointer

// 1f only one element in gqueus then update tail pointer

// 1link released node to free list

ENDPROCEDURE

[6]
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Mark scheme

6 (a)
Head ——»| Ben
Ahmed
Tail] ———| Jatinder ]
1 mark for Head and Tail pointers
1 mark for 3 correct items — linked as shown
1 mark for correct order with null pointer in last nod
(b) (i)
Queue
HeadPointer Name Pointer
0 1 2
[2] 3
TailPointer 3 4
0 [4] 5
5 6
FreePointer [&] i
1 ! 8
[8] 9
[9] 10
10 0

Mark as follows:

HeadPointer =0& TailPointer = 0
FreePointer assigned a value
FPointers[1] to [9] links the nodes together

Pointer [10] |

Null
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Mark scheme, continued

(il) PROCEDURE RemoveMame ()
// Report error if Queue is empty
IF HeadPointer = 0
THEN
Error
ELSE
QUTPUT Queue [HeadPointer) .Name
// current node is head of gueue
CurrentPointer € HeadPointer
// update head pointer
HeadPointer € Queue[CurrentPointer] .Pointer
//if only one element in gueue,then update tail pointer
IF HeadPointer = 0
THEN
TailPointer <« 0
ENDIF
// link released node to free list
Queue [CurrentPointer] .Pointer € FreePointer
FreePointer € CurrentPointer
ENDIF
ENDPROCEDURE [max 6]
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Example candidate response — high

(a) The following operations are carried out:

62

CreateQueue
AddName ("A1i")
AddName (" Jack"™}
AddWame {"Ben')
AddName { "Ahmed™)
RemovelName

AddName ("Jatinder™)
BemoveName

Add appropriate labels to the diagram to show the final state of the queue. Use the space on
the left as & workspace. Show your final answer in the node shapes on the right:

L=

)EH: :%QQ% Cam, B@n 2.
Jack en N '
R
Anmed  Feinde Mamed |3
Ben
W Aned
S,LH\,L&Q,{ TJativder | O
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Example candidate response — high, continued

(b) Using pseudocode, a record type, Node, is declared as follows:

TYFE Node
DECLARE HName : STRING
DECLARE Pointer : INTEGEER
ENDTYFE

The statement
DECLAEE Queue : ARRAY[1:10] OF Hode
reserves space for 10 nodes in array Queue.

{i) The CreateQueue operation links all nodes and initialises the three pointers that need
o be used: HeadPointer, TailPointer and FreePointer.

Complete the diagram to show the value of all pointers after Creategueue has besn

cxecuted.
Queus
HeadPointer Name Pointer
o (1) 7l
(2] 2.
TailPointer i3] 4
A0 [4] 5
3] &
FreePointer ié] I
1 £7] &
18] 9
[2] f®
(10] &

[4]
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Example candidate response — high, continued

Complete the pseudocode for the procedure RemoveName. Use the variables listed in
the identifier table. :

PROCEDURE Removebame ()

// Report error if Queue is empty

TR Head Potnt 0 o O

oYY ECCOC
= N TSSOSO OO
OQUTPUT Queue [L‘J-"-‘*L.i.fﬁ AT Y e ] L Name

f// current node is hesad of gueus

// update head peinter
Headfovtec 4= Suene L Curet Pl - Pointer

// if only one element in queue then update tail pointer

PR P R VR =S = i

ENDPROCEDURE

[6]

Examiner comment — high

In part (a) the candidate used the work space to write the items in the queue at different points. The answer
in the node shapes shows the correct names. However, the nodes have not been given labels, so it is open
to interpretation that the pointer values point to the correct nodes. The candidate correctly shows the final
node containing the name Jatinder with a null pointer. There are no pointers to show where the head and tail
of the queue are.

In part (b)(i) when the CreateQueue operation has been carried out, the queue is empty and all nodes are
part of the free list. The candidate correctly links all nodes with a null pointer in the final node. FreePointer
correctly points to the first node in the free list and HeadPointer is the null pointer. However, as there is no
gueue content, the tail pointer should also be a null pointer.In part (b)(ii) the candidate understands that
testing for an empty queue means testing for HeadPointer to be the null pointer. The candidate correctly
initialises CurrentPointer and updates HeadPointer by following the pointer of the current node. The
candidate does not appreciate that if the last name in the queue has just been removed the head pointer
would now be null and therefore the tail pointer would also need to be set to null. Linking the released node
to the free list means linking it to the front of the list that FreePointer is pointing to. The candidate correctly
updates FreePointer, but the released node is not linked to the front of the free list.

2/3
(i) 3/4, (ii) 5/6

Marks awarded for part (a)
Marks awarded for part (b)

Total marks awarded 10 out of 13
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Example candidate response — middle
(a) The following operations are carried out:

Createfueus
Addilame ("A11M)
BddName ("Jack™)
Bddiama {"Ban")
2ddiame {"Ahmed")
Removellams

hddnName ("Jatinder")
Eemoveliames

Add appropriate labels to the diagram to show the final state of the queue. Use the space on
the left as a workspace. Show your final answer in the node shapeas on the right:

LP‘ ' Ben

” .
o i Jatinder
-
v .

N
)

Ahme

[
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Example candidate response — middle, continued
(b) Using pseudocode, a record type, Node, Is declared as follows:

TYFE MNode
DECLARE Hame : STRING
DECLARE Pointer : INTEGER
ENDTYPE

The statement
DECLARE Queue : ARRAY([1:10] OF Node
reserves space for 10 nodes in array Queue.

(i) The CreateQueue operation links all nodes and initialises the three painters that need
to be used: HeadPointer, TailPointer and FreePointer.,

Complete the diagram to show the value of all pointers after CreateQueus has been

execlited.
Queue
HeadPointer . Hame Fointer

1 (1) 2

(2] 5

TailPointer (3] i
@ (4] 5

[5] &

FreePointer [e] +
gy 4 (7] 8

(8] k!

(2] (=}

(10] 4

[4]
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Example candidate response — middle, continued

Complete the pseudocode for the procedure Removelame. Use the variables listed in
the identifier table. .

PROCEDURE RemoveName ()

// Report error if Queue is empty

.IF ( Head Ruinder... "O\ B2
.......................... QUTPVT.... EJ% (a1 N

OUTPUT Quevef..... F75 HEROPAATRL .ovvev e ircnrinens ] .Name
// current node is head of queue

................... Custens. Bindec... o= Herd Badot, o

// update head pointer
................. Heodbioter. =... Quene L Headloia bec ). Boibec.....

// if only one element in queue then update tail pointer

// link released node to free list

Queue,icsxmm{f Oqi/l.’tef;k..-.'..?dr.\i’xf ....... =AO ................................................
N IS

............................................................................................................................

ENDPROCEDURE
(6]

Examiner comment — middle
(a) Enter your examiner comment here

In part (a) the candidate used the work space to draw the nodes in the queue at different points. The answer
in the node shapes shows the correct names and the pointers point to the correct nodes. The final node
containing the name Jatinder should have a null pointer. There are no pointers to show where the head and
tail of the queue are.

In part (b)(i) when the CreateQueue operation has been carried out, the queue is empty and all nodes are
part of the free list. The candidate correctly links all nodes. However, the final node does not contain a null
pointer but points back to the beginning of the free list. FreePointer correctly points to the first node in the
free list. However, HeadPointer and TailPointer should be null pointers as there is no queue content. In part
(b)(ii) the candidate understands that testing for an empty queue means testing for HeadPointer to be the
null pointer. The candidate correctly initialises CurrentPointer and updates HeadPointer by following the
pointer of the current node. The candidate does not appreciate that if the last name in the queue has just
been removed the head pointer would now be null and therefore the tail pointer would also need to be set to
null. The candidate does not demonstrate that linking the released node to the free list means linking it to the
front of the list that FreePointer is pointing to, so the pointer of the released node and FreePointer need to be
updated.

1/3
(i) 2/4, (ii) 4/6

Marks awarded for part (a)
Marks awarded for part (b)

7 out of 13

Total marks awarded
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Example candidate response — low
(a) The following operations are carried out:

CreateQueus
Addbame ("ARLiM)
LddWame ("Jack")
AddWame ("Ben")
Adduame (" Ahmed")
Removelames

AddWame ("Jatindexr")
Removeallame

Add appropriate labels to the diagram to show the final state of the queue. Uge the space on
the [eft as a workspace. Show your final answer in the node shapes on the right:

i _'_Eu!. :_ 11_?“ . r - ij-h
2 T, 5

3] Ben A,

y | _Bhmed S

5l Jabinden] & .

S [T PR I

[3]
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Example candidate response — low, continued
{b} Using pseudocode, a record lype, Hode, Is daclared as follows:

TYPE NHode
DECLARE Mame » STRING
DECLARE Pointer : INTEGER
EWDTYFE

The statemant
DECLARE Quewue : ARBAY([1:10] OF Hode

reserves space for 10 nodes in array Queue.

(i) The createoueue operation links all nodes and initialises the three pointers that nesd
lo be used: HeadPointer, TailPointer and FreePointer.

Complete the diagram to show the value of all pointers after createguene has been

executed.
Dueuse
HeadPointerx Name Pointer

') (1] 2
T2 g

TailPecinter [3] "-’f
10 (a 5

[5] é

FresPointer [&] 1
\ (7] %

(8] q

9] |0

(10] O

[4]
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Example candidate response — low, continued

Complete the pseudocode for the procedure Removename. Use the variables listed in
the identifier table.

PROCEDURE EemoveName ()

/{ Report error if Queua is empty
...................... 'TH E"N
.................................... Repoch. EX0ON

B 21
OUTPDT Queue (... LLATLNTE. F.ainixeﬂ cevennn.] .Name

/{ current node is head of queue

// update head pointar
................... Head Pointen,.=. Buee Counned Pebedin) - foielen .

// if only one element in gueue then update tail pointer

e D BAMML [cti2rrck pricin ] Foilio.. 2. 2. Do
T T O SO OO,

[/ link released node to free list

........... B Exe o lisk......4o B0 Conpod peints)............
ENDPROCEDUEE
[6]

Examiner comment — low

In part (a) the candidate used the work space to draw the nodes in the queue at different points. The answer
in the node shapes shows the correct names and the pointers point to the correct nodes. The final node
containing the name Jatinder should have a null pointer. There are no pointers to show where the head and
tail of the queue are.

In part (b)(i) when the CreateQueue operation has been carried out, the queue is empty and all nodes are
part of the free list. The candidate correctly links all nodes with a null pointer in the final node. FreePointer
correctly points to the first node in the free list and HeadPointer is a null pointer. However, as there is no
queue content, the tail pointer should also be a null pointer. The candidate seems to assume that if
FreePointer points to the first node in the array, the queue must be empty. This is true when the queue is
first initialised, but may not be true after names have been added and removed. In part (b)(ii), in a queue
ADT, the node accessed for removal is always at the head of the queue, the candidate here wrongly uses
CurrentPointer, which does not yet have a value. The candidate correctly updates HeadPointer by following
the pointer of the current node, but does not appreciate that if the last name in the queue has just been
removed the head pointer would now be null and therefore the tail pointer would also need to be set to null.
The candidate does not demonstrate that linking the released node to the free list means linking it to the front
of the list that FreePointer is pointing to, so the pointer of the released node and FreePointer need to be
updated.

1/3
(i) 3/4, (ii) 1/6

Marks awarded for part (a)
Marks awarded for part (b)

5 out of 13

Total marks awarded
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