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Topic 2: Data

This booklet contains all
past questions on this
topic



Topic 2: Data

- Page 2 of 30 - Mark Scheme

Computers use binary to represent different types of data.

Students are expected to learn how different types of data are represented in a computer.

Subject content

2.1 Binary

Students should:

211

understand that computers use binary to represent data
(numbers, text, sound, graphics) and program instructions
and be able to determine the maximum number of states
that can be represented by a binary pattern of a given
length

2.1.2

understand how computers represent and manipulate
unsigned integers and two’s complement signed integers

2.1.3

be able to convert between denary and 8-bit binary
numbers (0 to 255, -128 to +127)

2.1.4

be able to add together two positive binary patterns and
apply logical and arithmetic binary shifts

2.1.5

understand the concept of overflow in relation to the
number of bits available to store a value

2.1.6

understand why hexadecimal notation is used and be able to
convert between hexadecimal and binary

2.2 Data
representation

221

understand how computers encode characters using 7-bit
ASCII

2.2.2

understand how bitmap images are represented in binary
(pixels, resolution, colour depth)

2.2.3

understand how analogue sound is represented in binary
(amplitude, sample rate, bit depth, sample interval)

2.2.4

understand the limitations of binary representation of data
when constrained by the number of available bits

2.3 Data storage
and compression

2.3.1

understand that data storage is measured in binary
multiples (bit, nibble, byte, kibibyte, mebibyte, gibibyte,
tebibyte) and be able to construct expressions to calculate
file sizes and data capacity requirements

2.3.2

understand the need for data compression and methods of
compressing data (lossless, lossy)
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2 Data SR

(@) The ASCII system is used to represent letters and symbols. st

(i) State the number of bits used to represent each letter or symbol in ASCII. K2

| s

. 7 [j_} Do not award 8, as that is >
................................................................................................ Extended ASCII || S

(ii) The ASCIl code 65 represents the letter A. L

Give the letter represented by the ASCII code 68. Additional Guidance

Do not award lowercase

(b) Sound waves are converted to binary using sample intervals. K

Define the term ‘sample interval’. SR8

|
* The time/number of seconds/gap between | Do not accept answers

samples/measurements (1) gEﬂﬂi“Q sampling
requency

(c) Give an expression to calculate the size of a bitmap image, not the size of the file
that stores the image.

Award one mark for any of the following up to a maximum of two
markS: ..................................................

- Width W hEight (1) ..................................................
+ units expressed as pixels (1)

Examples:
« width in pixels x height in pixels

* width x height pixels Additional Guidance
e size in pixels = width x height

Allow values in any order

Allow synonyms such as

length for the x/y
dimension

Only award 2 marks for a
fully correct expression
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(d) Computers manipulate binary patterns.
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(i) Complete the table with the result of applying the shift to the binary pattern.
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Binary pattern Shift 8-bit binary result

10100011 Logical shift left by 3 0001 1000 {1]

28

1100 1010 Arithmetic shift right by 2 1111 0010 {1]
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(i) ldentify the correct statement about overflow.

XK
otaleteteteds
558

%

%
%

. The only correct answer is B
Causing the program =

A is not correct because all overflow errors do| not cause programs to
Requiring more bits t¢ | crash -
C is not correct because computers don't use hexadecimal, only
SWItChlng between bi humans do =
D is not correct because indexing outside an array bounds is a

Using an index less th | runtime error -

O o oo
O N w »

(iii) Convert the denary value +112 to 8-bit binary representation.

Award one mark for each correct nibble in the correct order:

e 0111 0000 0 marks if response is not
8-bit binary
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(iv) Give the 8-bit binary two’s complement representation of denary -73

Award one mark for each correct nibble in the correct order:

1011 0111 e

0 marks if response is not
.............................................................................................................................................................. E_blt bII'IEII'_'!',I"
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(e) The number of bits determines the number of patterns that can be represented. KL

(i) ldentify the number of symbols available in the hexadecimal system. st

The only correct answer is D

A is not correct because the binary system has two symbols:.
B is not correct because the octal system has eight symbols '§§

<5

16 | Cis not correct because the denary system has ten symbols:.

<

O o oo

A
B
C 10
D

(ii) The address bus of a computer is 8-bits wide. B e

State the number of unique addresses that can be accessed. S5

Award one mark for any of the following: K5

................................................... . 256 (1) G—G————————
e 25(1) R

CPCRK A
e 2x2x2x2x2x2x2x2(1) K%

(f) Construct an expression to convert 40681930227 712 bytes to tebibytes. e

Award one mark for any of the following up to a maximum of two Award equivalent Q-
marks: expressions e

+ Sight of 1024* anywhere for number of bytes in a tebibyte (1) | Ignore transcription s
« 40 681930 227 712 + 10244 (1) errors gizgﬁgz

1 1 %
Examples: The first mark is for fitziv'ﬁtz

40 681 930 227 712 + 1024* Ez‘if;‘:i"g the conversion
4§

40 681 930 227 712 / 10244 ) S
The second mark is for an AR

40681930 227 712 accurate expression. o
[0 0900 %
1024 % 1024 x 1024 x 1024 S

40 681930 227 712 S
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Data

(a) Describe one effect of using lossy compression to reduce the size of a file.

Award up to two marks for a linked description, such as:

* (Removed) data (1) cannot be restored / means that the

Additional Guidance

original file/information cannot be fully recreated/represented| For both marks, the
(1) expansion must associate
* When data is removed (1) humans may perceive/interpret thd with the statement.

image/sound/text/information differently (1)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA Award both marks for

(b) Here is an original image.

There is one bit available to represent each pixel.

Explain one reason why the image cannot be accurately represented using
one bit for each pixel.

A

ward up to two marks for a linked explanation, such as:

* One bit can only have two values (1), so can only represent
black and white (1)

* The three colours in this image cannot be represented (1)
because one bit can only have two values (1)

It is not possible to represent each pixel with three colours / as
greyscale [ as anything other than black and white (1) because

reference to loss of data
and an example of the
effect of that.

Do not accept reference
to 'quality’ as an effect.

one bit can only represent two unigue values (1)

20

Additional Guidance

p 7 2 5 9 5 A 0 2 0 2 4

For both marks, the
expansion must associate
with the statement.
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(c) Shifts are performed on binary patterns.
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A logical shift right is performed on a pattern.

0% %
ABDEAR
et
KKK
200K

b0

<

An arithmetic shift right is performed on the same original pattern.

Describe the reason the results will be different.

Award up to two marks for a linked description, such as:

« An anthmetic shift fills from the left with a copy of the most-
significant bit (MSB) (1), whereas a logical shift fills from the
left with a 0 (1)

« An anthmetic shift keeps the most-significant bit (MSB) the
same (1) whereas a logical shift always fills the MSB bitwitha .. ..

o o
ORI IK R KX
A
e

0 (1)

KKK

Additional Guidance
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Both statements must be
provided for two marks,
as an arithmetic shift will
fill with Os, if the MSB 1s
0.
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Read carefully responses
that indicate what the fill
character is.

Allow "sign bit’ for MSB

N

K

295
X

X
9%

o2
S
$950s

<

S
%

5
KL

oo

21

[N Turn over
5 A0 2 1 2 4

o AR A
P 7 2 5 9


Rachel Candlin
Stamp

Rachel Candlin
Stamp


- Page 8 of 30 - Mark Scheme

SLRRK
( I Bstsressses
LRI,
SRR
G,

(d) Binary, denary and hexadecimal patterns represent numbers.

(i) Convert the binary pattern 0100 0010 to denary.

(ii) Convert the binary pattern 0101 1011 to hexadecimal.
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(e) Data storage is measured in bits and bytes.

KKK

s

2%
EERRELEIRRKY

CREIELKE,
CRLLRLZRRRRKL

§§§§‘§§ (i) State the number of unique values that can be represented with 6 bits.
: * E: (1) s 2%%5 (1)
....................... P W + 2x2x2x2x2x2(1) |
» 276 (1) Allow any expression that
(i) A file format uses a 100 x 600 table of 32-bit integers. evaluates to 64

The file uses 1 kibibyte of additional data.

Construct an expression to show the number of bytes of storage needed to
store the file.

%
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ZRIRRRK
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SR
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Selodoted
ZRLRHRRRRRLS,

Award one mark for any of the following up to 2 maximum of two
,,,,,,,,, mal-ks:

%

06
RERS
QQg

020088

<

5%
KL
2
SR

XX
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--------- « Sight of 100 x 600 (1)
* x 32 in numerator and & in the denominator (1)
* + 1024 applied to whole expression (1)
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090900 9%
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Award three marks for all three elements presented as a correct
expression such as:

100 = &00 x 32

o ] B + 1024 Additional Guidance
gz |
e « ({100 x 600 x 32) / 8) + 1024 Consider order of

operations (BIDMAS)

Award mental reductions,
such as (100 x 600 x 4) +
1024
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(f) An analogue sound is represented in

The sound is one second long and is sampled at 10 Hz.

The digital representation has a bit depth of 5 and is stored in two’s complement.

Sound data:
00000 7TT1T7TTT 171111 11
00000 00000 00001 OO

Draw a graph to represent the data sampled.

You must include:
+ labels for the x and y axes .

values for the x and y axes

each sample plottedasan X =

digital form.

111 11111
001 00001

x-axis labelled correctly as time/seconds (1)

y-axis labelled correctly as amplitude/value/sample (1)
value labels on x-axis as 0 and 1 (1)

value labels y-axis as -1 and 1 (1)

all 10 values plotted to correct points (1)

« samples joined up to show the digital form.
s points joined to form a square wave, even If not all points are there (6)
T or some are plotted inaccurately (1) — T
A o
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(@) Computers manipulate binary patterns. Patterns can represent signed or
unsigned integers.

(i) Convert the denary number 57 to 8-bit binary.

1 mark for each nibble:

1001(1)

(ii) Convert the binary number 0010 1101 to hexadecimal.

..................................................... 1 mark for E'El:h Ijlgit in the correct location:
2D

(i

i) Describe the process of converting a binary number to two’s complement.

A linked description such as:

Flip all the bits (1) and add one (1)

Copy/keep all the 0s from the nght/LSB, up to and including
the first 1 (1), then flip the remaining bits (1)

Flip all the bits from the left/MSB (1) up to, but not including,
the 1 nearest the rnght/LSE (1)

P 6 7 3 1 2 A 0 8 2 0

O

CRAEKK

poteme-3tes
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(iv) Explain what has happened as a result of adding these two 8-bit
binary numbers.
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RES
4% 900te 00
X
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RLEEIK
¥ 1)

A linked explanation suchas:
» There are not enough bits (1) to store the result (1)
o An overflow occurs (1) because 1 + 1 = 0with a 1 carry /
because the result is more than255(1)

K5
CXRKALRKLLRKS
RRILLRXKS

X X
RIS
¥
%

O
000s
SRR
S0
SSREELE

2

<

K

255
KK,

X

3
20094
2

R

o
{o39%}
SGRRKRS

(b) After applying compression to a file, the original contents cannot be
reconstructed fully.

290
oS d%%’

K.

<X

State the type of compression used on the file.

Lossy

(c) Data can be encoded using ASCII.

CEHERKS
oegeteiateiete?
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Describe ASCII.
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N
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R
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A description to include two from:
» A standard
* For representing text/characters
» Allows data to be interchangeable between computers (from

different manufacturers) AddtoralGodance
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R

’2*}0 » Each character is mapped to a2 unique number/binary
- equivalent
+ ASCII (encoding) uses 7/8 bits Award a mark for an
* There are 128 unique characters example of an ASCII
(allow 256 for 128) character equivalence =

e.J. & = B85 as this can be
awarded from mark point
4,

(A = 01000001 could
similarly be awarded.)
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(d) A pixel is the smallest element in a bitmap image.
(i) Two images are displayed on the same screen.

One image is 1280 x 720 pixels. The second image is 1920 x 1080 pixels.
The second image has a higher resolution.

State one reason why the second image will be displayed in more detail.

Any one from:

............... * The number of pixels per (sguare) inch is higher

* The density of pixels is higher

10

(i) A 10-colour bitmap image uses 15-bit colour depth. The image is 1028 pixels
wide and 640 pixels high.

Complete the expression to show the minimum file size for the image in MiB.

You do not have to do the calculation.

1024 X X

15 in numerator (1)

1028 x 640 in numerator (1)
1024 x1024 in denominator (1)
8 in denominator (1)

(Total for Question 3 = 16 marks)
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r

4 Data

(a) Identify the result of a single logical shift left on the 8-bit binary pattern 0101 0101.

C Multiplication
A Addition

A is not correct because addition does not result from a sir
B Division shift left
B is not correct because division does not result from a sin
C Multiplication shift left
D

) D is not correct because subtraction does not result from &
Subtraction logical shift left

O 0O oo

(b) Convert the denary number -33 to 8-bit binary using two’s complement.

1 mark for each nibble
....................................................................... 1101 1111

1 mark for each nibble
1110 0111

(d) Convert the hexadecimal number 2A to 8-bit binary.

................................................................... j_ rFr1_E= r_hc 1%:]|l- :E};E’{::rﬁ r1 iID'ID'I:Er RSP UOSOU RO PRI
0010 1010

J
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B
R
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. SXRRR
(e) Images can be represented as bitmaps. 8553
(i) Define the term ‘pixel’ e
Question | Answer Additional Guidance Mark
Number
4(e)i The smallest single point of colour in an image / picture element / ST
the smallest element of a bit-mapped image 1 X

@i

depth determines how an image is represented.

) Describe one way that changing the number of bits allocated to the colour

A(e)ii A description to include two from:

colours to be represented in each pixel (1)
OR

providing a greater level of resolution (1)
OR

colours to be represented in each pixel (1)
OR

providing a reduced level of resolution (1)

Increasing the number of bits used for each pixel (1) allows more

increasing the number of bits allows more pixels to be used (1)

Decreasing the number of bits used for each pixel (1) allows fewer

Decreasing the number of bits allows fewer pixels to be used (1)

Drawback ..

(i) State the name for the height of a sound wave.

a(f)i | Amplitude

(i) State one benefit and one drawback of increasing the bit depth of audio.
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&
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REER
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4(f)ii

COne mark for the benefit:

» Increases the accuracy of the representation (1)
One mark for a drawback from:

* Increases the amount of storage required (1)

» Increases the time it takes to download the audio file (1)

Do not accept increases
the quality
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X858
Py
AR . . . . .
§§§§§§ (g) A company is designing promotional products for a band. Products include CDs,
K SRRA . .« .
X toys, greeting cards and digital downloads. All the products use sound.
CREKE,
e Discuss the choice of lossless or lossy compression for sound in these products.
e
S Your answer should consider:
g
KX
S
g,‘;‘:% the types of product
SRS .
s lossless compression
0e% "%
K -
e 33 lossy compression.
i
s o
BX Kz
.0.*“?.0 N0
SRS el
IS KO - —
S = 1 Compression reduces data used to represent the oniginal sound
K KX - : .
o o = Both types require encoding and decoding
L K - . N -
o 2 = Lossy compression reduces the accuracy of the representation
<% %% e (Lossless - Reverse)
K ICRKH CRIRKK,
E5X KX e Loss ssion i ses the reduction in file si
Sy K ossy compression increases the reduction in file size.
CRARRKY CCARRKL
<+ < = (Lossless - Reverse)
* Lossy better for online transmission of sound, e.g. streaming technologies as it takes less time to
download / can facilitate access by users with low-speed connections.
s Lossy better for cases where limited storage available, e.g. embedded systems (toys/cards)
s |Lossless better for physical media (CDs), since it supports high quality audio.
* Lossy audio removes data representing frequencies that humans cannot hear (or are masked) so
they cannot tell the difference
* Lossy compression can be vanable so that different amounts of compression can be offered
& depending on a user’s bandwidth.
<A
SN e
o~
SO
:::::::::: ....................................................................................................................................................................................................................................................................................
S
e
::z.z.:"’ ....................................................................................................................................................................................................................................................................................
%
Mark Descriptor
1] MNo rewardable content.
Level 1 1-2 Basic, independent points are made, showing elements of understanding of key concepts/principles of computer
science. [(AD1)
The discussion will contain basic information with little linkage between points made or application to the context.
(A02)
Level 2 3-4 Demonstrates adequate understanding of key concepts/principles of computer science. (A01)
The discussion shows some linkages and lines of reasoning with some structure and application to the context.
(A02)
Level 3 5-6 Demonstrates comprehensive understanding of key concepts/principles of computer scence to support the
discussion being presented. [AD1)
The discussion is well developed, with sustained lines of reasoning that are coherent and logically structured, and
which dearly apply to the context. [AQ2)
KR

OO0 A O AR 0 .
Turn over
S 6 8 6 2 2 A 0 1 3 2 0 urnove
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(Total for Question 4 = 19 marks)
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CHHHAK CCHHAN
X
SRS S8
%% CRARAXY
K R
oetedotels doetedoteds
SR SR
13 p
doSededoteds ata
CREKLKS
SR
i
S5
o
oy (a) Complete the table.
oo 9
K
SSPPES
L
D0 S0 oot
SO DeSotasnes
ST A
IS o493
CHXRIK, D0 =90
CEZRE KLy
@5 s - -
< X < 0N jvivioed
S| B Base Number of values per digit
S Kot
990 1% Xl
s ST
1059, 6 1L ISSoBROSo" 0 489 .
ogaTeteloss R ramags -
e to I oo T Bina
RGeS IﬂF
s ol s
e SRR .
T SRS H [j | i6
kmssss S exXgaecima
KCAL D% caret
898~ 7 %% L0004
SR, PO %
0% oo Do, e
KB Ko
< X < < X< X
e
0% u s %% 030 %0 308 H H . H
SEPS O (b) Identify the reason why data capacity should be expressed in gibibytes rather
LS R0g 72 %04
CARR XK H
i R than gigabytes.
oSotedotels QKKK
oogetetess LXK
KoK KX
CXICHA CRAERKA
CRKLLKS SOKLEE
CRRRRLS SRR
R ibi i i - issi
Sy B8 Gibibytes are consistent with the units used for data transmission
o
Seletotedet SREKE
S S i . )
SR XK Gibibytes represent binary multiples
QLA QLA
CRRLKR (95995099
UK KX

%
%
X %
‘0

5
25
<
%
X %
‘0
5
25

A
B
C More data can be represented in gibibytes
D

Processors have to carry out fewer operations when using gibibytes

B Gibibytes represent binary multiples

A is not correct because Gigabits are consistent with the units used
for data transmission

C is not correct because more data cannot be represented in
gibibytes

D is not correct because processors do not have to carry out fewer
operations when using gibibytes

SRS
s,
KGN

S8 (c) Convert the denary number 82 to 8-bit binary.

R
oL g
(00 < 0% %
‘0‘1 = 9202

SR 1 mark for each nibble
S S
D | 0101 0010

O o-e% -
6 %% e oo
% PoteL & 5%

55 5
25 2R
SHERIX SHELRXKS

7

RO 0 R Turn over
S 6 8 8 2 7 A 0 7 1 6 urhove
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(d) A sound is recorded with these settings:
« sample rate: 24 kHz
+  bit depth: 4-bit.

Two's complement is used to represent sample values.
The 3000th sample of the sound is represented in binary as 1111

(i) Draw an X on the graph to plot the value of the 3000th sample.
(2)

seconds

amplitude

Correct X position (1)
—| Correct ¥ position (1)

(i) State the reason why decreasing the sample interval improves the digital
representation of a sound wave.

Answer

There will be more samples in each second (1)

(e) Convert the binary number 0100 1010 to hexadecimal.

Answer

1 mark for each digit in the correct location:
.................................................... 47

S 6 8 8 2 7 A 0 8 1 6
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S
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RS
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iy €

&
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SIS
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.:’:
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S
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%
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S KL

e s A
K Q9K
SRELLRS  IKRLLL
SR B
SRRRRES . . .
S8K (f) A 5-colour bitmap image uses 6-bit colour depth.

dtotetees
LR
KL
KRR
IR

S8 The image is 96 pixels wide and 128 pixels high.

K (i) Complete the expression to show the minimum file size for the image in KiB.

o You do not have to do the calculation.

o |
%ﬁ?&&

QRIS

Satelel ( 3 )

fototesetets
[
1
8
5

iezeSels |

ot
0

2%

= ::H:

£X0K5

EHIIKS
LN
3
WA
o2
L ]

S
piot
]

& in numerator (1)
1024 in either box in denominator (1)
8 in either box in denominator (1)

X |

<
29

&
X
>
\
955 4%
B
L

OO
RS
P
DI
L))
QLIRS
L]

oo
e
2036
258

5
%
L
o
<
e

¢
X
<8
555
&

(i) The file size can be optimised by changing the colour depth.

ORIHIKIL:
RIS
CHRIIALKLLR

Give the minimum number of bits that can store 5 colours.

K RRCIERICICHRARIIA

%

55
5
S RRIIIEEIRKK

ORI
&

SELRRIHIREGRKS

RaRasestatetotetetotototoses

5
85
0008}
XK
QRS
0
p—
-
'

3 bits

Explanation: because you need to count up to 5. 3 bits counts up to
8, but 2 bits only counts to 3, which is not enough.

<L
o%
%

b

(g) Complete the table to show the result of the 8-bit binary addition.

%
oo e
%

LK

(2)

<3 o
S K
R0
plotedetedes

9% %%

[
S 0 1 1 0 0 1 1 0

e
S
e

Sz One mark for each nibble

1010 0111

X o o
RIS 2
7 O

Y b o%)

Ry 05 e 608
SR, 5
SRS 2
ode o Jode ST
OIS s
050 431095 & %]
295 Sele%e! ot
0305 % >
KPR o<

o .

s ol
CERER, X
KRR SRS
KRR 9%
KRR SRS
KRR 0%
KRR SRS
SRS XK
KSR s \ )
ogelelete’s ReZedolele’s

A0 0D O O 0 9
Turn over »
S 6 8 8 2 7 A 0 9 1 6 urnove
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-
(h) Here is a sequence of text.
Explain why 7-bit ASCII could not be used to represent this text.
(2)
(Total for Question 3 = 18 marks)
Answer
An explanation to include:
ASCII only represents English characters / Kana/hiragana cannot be
represented in ASCII (1) because there are not enough bits (1)
With just 7 bits, bnl',r 128 unique codes (1) can be generated, which
is not enough (1) to represent all the characters used in the written
languages of the world
The text has foreign characters (1) and there are not enough bits (1)
in ASCII to represent them
.

10

S 6 8 8 2 7 A 0 1 0 1 6

J b
DoRe S e | S8
KL LRL I
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s e e
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-
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SRR
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r

5

Data

(a) Describe one reason that lossless compression is preferred to lossy compression
for transmitting word-processed documents over a network.

(2)

A lossless compression will allow the exact contents of the word-processed
document to be reconstructed (1) whereas a lossy compression will
permanently remove data from the file (1)

),

oo
o0

oot

(b) In arithmetic, subtraction can be done by adding a negative number.
Calculate 18 — 8, using 8-bit binary and two’s complement.
Convert the result back to denary.

Show all your working.
(4)

] |
LICKIVY AN
QR AIHIIGAL:
ERLRHRRIRRLRK,

=
<
oot

o\ 7 4
%
SRR

.:
N,
Slodeseles
b%eteteletets

* 18 converted to 8-bit binary 0001 0010 (1)
e -8 converted to two’s complement 8-bit binary 1111 1000 (1)
e Addition performed correctly (1 mark for each nibble)
o 8-bit binary result of 0000 (1) 1010 (1)
¢ Penalise use of
fewer/more than 8 bits
only once.
¢ Allow follow through
errors on addition, as
long as there is at least
one carry.
.
14
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R
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(c) Explain the reason why at least nine bits are needed to store 300 different
binary patterns.

OHACIAS
IR
1 -

9%
ey
ey

CXX

SRS
Pfaeesa
]
<5

T

&)X

A L® X0l

D evee% Yo% oot el
R

RS
A atees
]
S

SR

K XX XXX
BONG
:0" - X

‘.00

AR5
%

<

S

X
S
5
<

%ol

09
oS

RS

LR E LRI RIS

505
SRS

R R R R R R,
KK IR ISHR R RKR KK

56X

XX
X
o0
L 99
Wl

oot te ot tetetetetetotetotetetet
e totetetototetetotetetetetotetotete!

K RRIERRIAEIRIIAKIRIIAKIII A
%

XKL IRIALIRIALIRIALR
R LG L I CRK A CRK

¢
X
‘00
00t
020!
S

}%
oS

bases
SR

S,

06
KA
{(
N
S0

K
NS
%% ¢
QR

%
59993
]
5]

<5
<

L

<
L

G
RS
TN
28
25

RS

YNOT
AR
SRR

O
USRI
SN
S BINE, i
S0 &

(6
XXX,
<5
oo%s
&L

One from
e 27 gives 512 (1) patterns whereas 2° gives 256 patterns (1)
e 2% (1) does not give enough patterns whereas 27 (1) gives more than
enough patterns

e
000%0%%%

A statetelototototototototososeroses

(d) Construct an expression to calculate the file size, in mebibytes, of a CD quality
(44.1 KHz, bit depth of 16), two-channel stereo soundtrack that is 4 minutes long.

You do not need to carry out the calculation.

<
RS

One mark for each:
¢ Sample rate and bit depth =44.1 x 1000 x 16 (1
* Channels and time =2 x4 x 60 (1)
e Unit conversions = 8 x 1024 x 1024 (1)
¢ Numerator and denominator the right way around (1

Example of an expression that gains full marks:
((44.1 x 1000 x 16) x (2 x 4 x 60)) + (8 x 1024 x 1024)

<
-
<P
:’0,040

&
Y\

oS et %%
GRS

15
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(e) Information about a bitmap image is described in two tables.

Complete the two tables and use the information, along with the image data, to
show the image in the grid.

Image data:
00000000000000000001010101T010101001010101
01010100010101010101010001T1T1T1111T1T1T1T1T111

Image descriptors Colour table

Denary Binary Denary Binary
widh | 8 denary ' Black ° 1to 00 bi
Height 5 § denap 017 Red ' 01 binar
Colour et ad to Zr 0010 Green > dto10 b

depth

White s dto 11 bi

Use B for black, R for red, G for green, and W for white.

You may not need all the squares in the grid.

B/ BB B BB B|B
B/R|IRIRIR|R/R|R
B/ G|G G G|G G|G
B/ G|G G G|G G|G
B WWWWWW W

Sequence of cells any two colours labelled correctly to a maximum of 2
L-shaped Black

¢ Single row Red

e Double row Green

¢ Single row White

(Total for Question 5 = 18 marks)

TOTAL FOR PAPER =75 MARKS

) U0 D O R TN A
S 7 0 4 61 A 01 6 1 6
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(

2 Data
(@) Computers manipulate binary patterns to store numeric values and characters.

(i) Name the format used to represent signed integers in binary.

Award one mark for any of the following: Allow spelling errors

¢ Two's complement
¢ 2s complement

(ii) Convert the hexadecimal value 5C to 8-bit binary.

Award one mark for each nibble:

0101 1100

(i

ii) In ASCII representation, the letter Q has a denary value of 81.

Give the denary ASCII representation for the letter V.

(iv) Convert the denary value 22 to 8-bit binary.

Award one mark for each nibble:

e (0001 0110

S 8 3 0 3 7 A 0 4 2 0
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T
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.

CHHHAK XA
e s )

L5505 SREL
LS KIS
oadetodels SRS
CRRRX, SRR . . ..
S K (v) Identify the term that means a binary digit.
oedetodels XGRS
CERRX, SRR
GLK K 1
oSetedotels
SRS

S
LS :
‘ﬁﬁggg [:] I\ Blt .
AT
LS
L
SO —
s '®
O [J B Boolean
SRS
X
SR
K&

—

.

[J C Byte
S

< S 1
o 0 b | The only correct answer is A
S nteger
00— 034
S
CX il
j b I lue is eith fal '
e B is not correct because a Boolean value is either true or false. It is
o0 0% H
M not a unit of measure.

L0
X0 <

C is not correct because a byte is made up of eight individual bits.
D is not correct because an integer is a data type that holds whole
numbers.

(vi) Describe an overflow error.

0 XX
etahtereraretetatantel
OTMWRITE
Yoy vy vy S o SSRGS

REXRR

ORHOKARIRHRX AKX A AR AR AAK AR AAK AR AR AR AR

(2)

JON
RIS BINI Y

K
KRR
Sootese!

Sttt

QLR

0

X
S
!
X

Award up to two marks for a linked description, such as: For both marks, the
expansion must associate
The result of a calculation/addition/operation (1) needs more bits to | with the statement.

store it than the computer has/is too big for the computer to
store/cannot fit into the number of bits available. (1)
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(b) Binary is used to represent image and audio files for processing by a computer.

(i) Define the term ‘colour depth'’

Award one mark for any of the following up to a maximum of two
marks:

e The number of bits (1)

e Used to represent each colour/pixel (1)

(i) Lossy and lossless compression both make a file smaller.

Explain one reason lossless compression is used to transmit program
source code.

) L i Y
S8 30 3 7 AOG6 20

Award up to two marks for a linked explanation such as:

e The original file can be reproduced exactly (1) because all the
data is kept/encoded / no data is lost/discarded (1)

* The program can be executed/translated on receipt (1),
because the original source code can be uncompressed in its

entirety (1)
(1) AN dudlo Te 15 538617 50V DIWL 1IN Iengtn.

Complete the expression to show the file size in mebibytes.

35819360

8 for bytes (1)
1024 for kibibytes (1)

(Total for Question 2 = 16 marks)

1024 for mebibytes (:1) additional Guidance

Award any equivalent
expression, even if all
boxes not filled in

Do not award marks for
4.27 mebibytes

Do not accept 1000 for
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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box £ and then mark your new answer with a cross [X.

(@) Identify the smallest unit of measurement.

n @ >

D

bit

byte

A bit

B is not correct because a bit is smaller than a byte

kibibyt C is not correct because a bit is smaller than a kibibyte

nibble | 2 is not correct because a bit is smaller than a nibble

(b) Identify the maximum number of values that can be represented with 5 bits.

n @ >

D

5

16
25
32

D32
A is not correct because 5 bits can represent 32 values
B is not correct because 5 bits can represent 32 values

C is not correct because 5 bits can represent 32 values

(c) A car park uses a number-plate recognition system.

(i) ldentify the reason why an unsigned integer should be used to record
the number of cars entering the car park, rather than a signed integer.
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C Unsigned integers store more positive values

Unsigned integers ar

A is not correct because unsigned integers are not more accurate

D Unsigned integers do not use a parity bit

(i) The system stores images of car number plates.

Construct an expression to show how many bytes there are in 6 tebibytes.

You do not need to carry out the calculation.

1 Data
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6 x 10244
—— 2

Award 1 mark for sight of 1024

Award 1 mark for sight of #(applied only to 1024)

Award 1 mark for sight of x6

Award all marks if the result of the calculation is given: 6,597,069,7606,656 (bytes).
N.B. This is not needed or expected.
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B is not correct because overflow errors can still occur with unsigned integers

Unsigned integers st p js not correct because the use of a parity bit is not relevant to the scenario
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(d) Identify the 4-bit binary addition that will result in an overflow error.

(1)

1001+1000 A 1001+1000
0011+1001

Nn @ >

1000+0110

O 0O oo

D 0111+1000

()

(e)

ive the 8-bit binary representation of the denary number 82.

B is not correct because it will result in 1100
C is not correct because it will result in 1110

D is not correct because it will result in 1111

(2)

.............................................................. 0101 0010 . AWard 1 mark for each

nibble in the correct

Jlocation.

—_~

)
=
—

) Convert the binary number 0011 1101 to hexadecimal.

(2)

Award 1 mark for each

location.

nibble in the correct

(i) Explain why hexadecimal notation is used.

“Award 1 mark for the identification of the reason (1) with a linked
justification/exemplification (1), up to a maximum of 2 marks.

Hexadecimal is used as shorthand for binary / uses fewer digits/characters (1),

'so humans make fewer mistakes / find it easier to
read/understand/remember/manipulate (1).

Do not accept answers
suggesting that fewer
digits save
storage/memory.

J
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S 6 7 2 8 5 A 0 4 1 6
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(g) An analogue to digital converter is used to change the sounds received by
a microphone into a form that can be processed by a computer.
Complete the diagram to show a sample interval and label both axes.
(3)
| ¥ axis correctly labelled (1}
¥ axis correctly labelled (1)
Sample interval indicated (1)
] Do not award marks if wavelength is labelled ather than sample interval.
/’ Accept for sample interval if two points given that are shorter than the wavelength.
[0}
-g PN / \ Time 7
=
=4 / \
E — -
< Sample interval Additional guidance
] Accept a unit of time for
the X axis.
Accept signal strength
for the ¥ axis,
(h) Animage uses a 12-bit colour depth. It is 64 pixels wide and 48 pixels high.
Construct an expression to calculate the file size of the image in MiB.
You do not have to do the calculation.
(4) L
Award 1 mark for: -
5ﬁgh¢ uf= Eq.:.qa Ty 12 ............................................................................................................
Award 1 mark for: §§
Sight of: 1024 x 8 2
.Avvand 1 nnark ﬁnr: ............................................................................................................
Sight of: (1024) = (1024) OR (1024)2
fvard 1 mark for correct numermtor/denominator arientatian,
Examples of expressions that gains full marks: s
B4 3 48 2 12
1024 = 1024 = 8
(Total for Question 1 = 20 marks) S
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