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This candidate's script has been assessed using On-Screen Marking. The marks are therefore
not shown on the script itself, but are summarised in the table below.
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In the table below ‘Total Mark’ records the mark scored by this candidate.
‘Max Mark’ records the Maximum Mark available for the question.




_I.

I - 2
Answer all the questions.
1 Adigital coffee making machine has a CPU that uses the Little-Man Computer Instruction Set.

@Little Man Computer operates on a computer system based.on the Von Neumann Architecture.

(i) State two features of the Von Neumann architecture

U\ ...... l:)m ..... ame.. p\ace st
B Thace.. o2 RYIskers: | m.:.gl_g...&hg o217 N—

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

@ Describe one feature, not part of the standard Von Neumann Architecture, which
contemporary CPUs may have in order to improve performance.

:.@%‘r_ ...... COOQ. .. 300 drequmkué ....... waed
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(b) Part of the coffee making machine’s code asks the user toipress a, buiton to select strength.
. The code outputs 1 which will:switch on-a-green light to indicate a valid selection or.outputs 0
o indicate an invalid selection.

The code is shown below:

INP '
STA entry
LDA nax
‘SUB entry
BRP accept
LDA redLight
BRA printAndEnd
accept LDA greenlLight
printAndEnd  OUT
HLT
greehlLight DAT 1
redlight DAT 0
max DAT 5
entry DAT

Fig. 1
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(i} Tick the appropriate boxes below to indicate which inputs will result in a green light
(i.e. code outputs 1) and which with a red light.

Input | Green Light | Red Light
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[2]
(i), Explaln whichr reglsters and;buses are | used 1and the values they: store/carry, when the

line .DA rednght is exécuted (after it has been ’fetchea and decoded) You should
Jassume the address redLight! reférg fo. memory location 11. "~ +;; ¢ .\

UMMMMWeMNM£g ....... skruchaes. oddress.

P llg@s%*&b(gﬁ\eoddf%bhﬁﬁda}a inREnuction

oo Stored: b saeess. 0. ek momony 1. e st aJong e

- dado.bus. o Ao MDR...A4 1sd shoced 0 tho' MAR

e TR m\rcuc).r.\m,.u.s..ﬂ;m._..mk.._ka...im_..mammaian ......
: mMﬁ%ﬂﬁWM@MW0cwmm$am ...... ...............

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

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

& HIIHIIIHI!IHIlIHIIII II IIIHIIIIIIHIIII\I\WII\IIHH\IIl

* 0009300210503 *




-

+ (ifi) Write.code in a high-level language or pseudocode that has the samefunctionality as the
code in Fig. 1. ‘

AL SC0OCIR. o
S umcxx:JS, ......... S— N T
B 01013 S

....... e N 000X = O SO
i U OCNNGREY

\ ,, Discuss the differences between assembly code and high-ievel languages. You should
refer tp: -
. /l%e advantages and disadvantages of writing programs in assembly code rather
an a high-levél language ¥ goaskes {no lompilEien) — hord Yoread

« ¥ when each approach might be used ~ Sippvple / drivess/ o9
+  why the coffee machine was programmed in assembly code..

dogs. ok nard 1o be..converted o othat Types. g code. hejore.
o be..cun. by dhe. grocessor. TR meam. it widl........
fun(}as}er#\dmadua!*&g@mffhafas:mbdgm

. haod o cood. Jor hussaos, . as.ob.is. 0. low. Jevel laoguage.

| ‘l./.(i.gk..Ieuel..wgl.@..l-ih.e...;.jaua.y._.Js.:.'.m\.\::.eamchio.:..re.c.zol.........__..._
i Pssatbily ought be.uwd. goc simple.yeshs, 00 achings trak
' do: nokeoun. tpadlatonal cperabiog. sigrems. Trintay also. .
- Such..08..10. the. operading. system..or... deviee: daivers...

- e cqpee. machioe. wos. wedfen. in.aching. cd..........
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i has. 0. colakiely smole. job.. Using, ... Jef. Jovel..

lorauace. would tean haxtng complex compilers........
%&Jé ...... w\rurz}\f‘r‘namcmdzges{\\rr\w ..................

...........................................................................................................................................
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5
2 Asoftware company decides to build an operating system for OCR smart watches.

(a) Memory management is one of the functions of. an.operating system.

(i} List three functions, other than memory management, of an operating system.

1 Manoging Ye NarAWosR
.. Fde. modagement. & naIGAXION. ...

5. Secucitu...such 0S. Usel..actounks. ond. pes
PO-SS Lo O [3]

-
“ » e

Part of-a computer's memory is represented below (Fig. 2). The:operating system divides the
memory into equally sized chunks. . :

0 o RS i R N

o 1 ol i L 1 ! 1 i

' Prodgiramm A 0 N = | [

| ProgramA: + -1* 1|~ *RrogramB | [

i .* N} P I 5_ | | Lo |

; Gy . peowoat j-',j"p}]‘. \ I
Lo L -
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Fig. 2. :
»lwfﬁJ‘wJaﬂﬁjmuhuﬂ}\ el
(iiy State the name of the type of memory management used in Fig. 2.

Misy S a {Lﬂ, s } [’ 0 BV TN
............................................................................................................................... 1
N, szngk R S T i LER i ENL i
(iii}. - The'operating system needs to Io;éad;;prc‘:g?am G_into memory but there is not enough
spéce. Describe-hbw the operating. systehr wouldiise virtual meféry te.load program C.

' Mmmﬁﬂ%ﬁmﬂﬁMﬂM¥ﬁm¥$&@h@iﬂﬁﬂﬂh@%%ﬁw

are: leaded. into. i@ sedeion: i isecondary starage. ...
- prodaiind as. virkuol memoryy - When Yoy ae

.

2i0....the a0, \oaded. back. ko maery,

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

’ IMIWANERNGEA o

© * 0009390210505 *

| A 0.0 0, A 0 A
R




I i W W o

[ ; 1

g
(]

(b) The company sets up a website to promote the watch. Part of the website is shown below.
The sentence ‘Download The Factsheet' is a hyperlink fo the file factsheet.pdf which is stored .
in-the same folder as the HTML file for the webpage. - ;

. . d

. Features " S -
The new OCR Smart Watch: : ' S

1. Uses the CB2 RISC processor “for long battery llfe : :

2. Stores up to 20hrs of music .

3. Tracks fitness 1

Down -the: ieet ‘ : ’ te
(i) Write the HTML to produce the extract from the webpage above. You can assume it will

be placed within the <body> tags of a pre-existing page. You do not need to specify the
font.
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(i) Explain what happens when a search engine indexes the page. You do not need to
discuss ranking.

T Ps 0on poqes o credled . AL Q10NN
0. 5000 :F WS, 1R O WAL %...xc\ox\xz(gxer doc. Yol
web..pooR,. thak.. dasiogA e bk gom. othec...

PAGOS. i et

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

(iiiy Explain why using a RISC processor rather than a - CISC processor is likely to result in

L@OCR 2018

increased battery life.

RReOMsSR . RTSC..processor. nase. 1ess. ompx. ...
“inskouchans.,.each. m&Tmc\”wn oog}akegona ......

“eloch. cgcle,mmans ..... Vo runs. cooler
b b uaRs.. less. power. WuS ..... I'Y\QM\Q ..... k..
mfore..._..edd.fm.eﬂ ......................................................................................................
....................................................................................................................................... [3]
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An airport holds details of flights in a database using the table Flight. An extract of the table is
shown below.

FIightID' FlightNumber DestinationCode | DestinationName -DepartureDa_te' DepartureTime

1355 (¢ | QCO0BY: +* -} JFK 1. |

. .| John Fefkennedy * | 03107418% -~ | 09:50

1453

CS1573 1., b LHR - .| Heathrow- ; __, 03/07/18 ¢ . | 10:30

PR AN T [ [ R

1921

0C7750* JFK John F. Kennedy | 04/07/18 08:30

1331

AMO0D45 YHZ Halifax ,‘ 04/0718 14:25

1592 -

HB0326 . RTM . | Rotterdam - |o4/07118 . |19:10

1.1659

CS0123 LHR Heathrow " 04/07/18 | 07:20

(a) Describe what the SQL statement below-does.

SELECT FlightNumber FROM Flight WHERE DestinationCocde='JFK'

Selecks. Ane... iahk. sumbers. arom.. dhe... dable. d; gt
%GM lighs.... m\w..3.......Q&a.sk._t_mm.m.n.......l.&...ihg .................

~ The airport cancels all its flights to Heathrow on 4™ July 2018.

L—@bCR 2018

(b} The.SQL staternent below shows all the data for-ﬂights going to Halifax. Rewrite it so it instead
removes all flights to Heathrow on 4 July 2018.

SELECT * FROM FlJ_ght WHERE DestlnatlonName—'Hallfax'

peLere ¥ ¢ rzomene?h\-wHerdans}manmda ..... e
AND.. Depactueote =" Qe lOF IS o
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'
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@Tables often have-primary and secondary keys. .
(i) State why DestinationCode would not be a suitable primary key for the Flight
table.
-Becanse. muliple. g ._...ww\....%o 10.4he. sane
___________ ' .._.a...so 55 n@taun:@uQﬁM@ M

(u) State why DestmatmnCode would be a suitable secondary key for the F1ight table.

6‘2 ...................... 'Hf\l.S,wONQ\‘DQ ........ ... MR quwc}\ ......
.................. 1 CLW!A)D& fhe.. o\gkam [1}

@ he airline wishes to ensure the database is normalised.

(i) Describe why the.database can be considered to be in First Normal Form.

Becouse...each. ghaht. does...ook. oave . repealad ..
dota.and.. Jn‘oze ........ Q... umq AL pnrmf.‘g ................

................... or...wihieh. cen. ideEiy. thak. reaid......
..... jmﬁﬁzdk&/ Mfob)

rﬂpeeb:a .»)(QJQ . ‘Tv\pj c,oujc\ be pwh inlo
a AW toble wih o Tclestiration TD arah that
cowdel  pe  paed.
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@The airport wishes to allow airlines fo be able to access the: data it has on flighis via the
internet.

Describe one format or method the airport. could use to provnde the data to the airlines so

they can useiiti in, thelr own appilcatlons ‘
ey cotaddl. pupload. k... a,ba»ta@ﬁe\ .............
............ €0a3erv2ranot gw.e {: oY

L@ QCR 2018 J
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4 The'internet can be considered an example of a WAN.

(a) Describe what is meant by the term "WAN’.

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

(b) The internet uses a set of' protocols referred to as the TCP/IP stack. The TCR/IP stack
consists of four different layers, each: with its own set of protocols.

(iy Explain why protobols are important on a retwork.

Al donnes...must. 4allon. 300 Me. .. WS 0C..........
pratocols..s0.Hhat). Qan..communicate. with. e0thother
enen... i) oy hare. o diperent. operdling, sustem...
ormaadzdaerm\"r'%‘éé%éamm ................. 21

(ii) State the name of the four layers of the TCP/IP stack.

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

Lo ' o]
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5 A software company is producing software that allows users with severe mobility issues to input
data info a computer.

The software flashes up letters on the screen one at a time. The user sends a signal to the
computer when.the letter they want appears on the scieen.

(a) Stdte the name of an. input device arid describe how it could be usell by a user with very
limited mobility in their hands and arms to send a signal to the computer.

Device name: E%Q ...... i‘fOQ\@QF ............... e
How it would be used MOU'SQ Caﬂ l?& (nD UQd b{j m Vlfg
....... )@S... Qﬂaufdmﬁh&jﬁigﬂLQQQ$m.m“”mm"

amﬁlﬁ pckad \vp... Q9a Sensoc. wmuuﬂm naLl.......
blinks. . . C -

- - —_ -

. e et W, Cnert i s [ % .
) :‘14‘__ "- :’1 - .’j!! } Te { ftm :}I-J. _f‘.)r."\/.."n. 3 ,-g ut" \'{:' {v H—J - l,,. - o lf),-,- ;F.

S M H ’f ‘\ N7 P - S
s

- _
LTI R
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(b) Rather than displaying the whole alphabet, once the first letter-has been entered, the program
only shows letters that could be possible according to words in its dictionary. All possible
‘words are stored in a tree data structure.

The program is tested on a sample dictionary of four words, représented as & tree in Fig. 3:

" BARON ‘ P ‘ o g
BATHS ‘
BELOW ‘ ‘. .
BELTS
. (|) rAnnotate Flg 3te show how the woz'd BELTS WOU|d be removed from the tree 21
(u) Annotate Fig 3 to show how the words BEACH and BONE would be}added to the tree.
S - Gl 0T 2]
.[:::::1 Ti::::ll . {:E;% ! * * - ,E;s - f ‘ t‘\: A }“
. . ) : : L ' oL,

“

/

o /\

b . : ‘ __‘ I.", A

/

e

) | . o] M C
./ [/ /
N |s w| st
Fig..3 ,

@ The.developer decides she wants o make the 'software-program open source.

. Explain the benefits to the users of the software being oper source.

¥ Source cda . mg...gnmlab\e acd..can. be ecmediro
Swik the wef. ... Am.L ...... ... éﬂl@ .................................... —

R D T T

l—.@ocmme Turn over _.I
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6* “Technology is changing too quickly for the law fo keep up.” i

Discuss to what extent you agree with the statement-above. In your discussion you should explain
which laws regulate the use of technology and how advancements in technology have made the

laws difficult to epfo‘rce/imp‘le’ﬁnent.' '

T do..agred. uiith Hwis. Salgmont. to_some eddent, 08
Huare. ase cockain yoids ook have nck caughy.up. with. dechadlogy,
but. mmestly e hawe. e
e B sHay 15, so04467ky  and) powiany... When inpulling i
daiaonhae,uwsunniﬂ(}eajm}xd@r%’ri’fwd@l&\g ................
only.being,usad dor he. usposo. odiarhised when thay etered W
The conudes gl data. protochion. conulaion.0f 208K ..........
opaunee Hus... Tt ouillind how. uSer inyordetion 8. snoed, shak ...
5. usad. fot,..a0d. how. hog I i locd Jor. Ty a.company doss. ...
adhare.. £ Fhese lows, ey ONYR QUOIMA.c ...
s 2000, Hro. compubal mususoack... outinus, thak semputes....
conpet.be. uged. Meoaly, o things. Yo thayk, hackig..axd........
prwcxcﬁmuwmnmfsab(mdfmuw}uchcovwsq;y
malonoknt. use. ¢.a..compuler hat is.. aawly..clopdd.. aein:
meanifd. A stous. g o.dake... with. o Jechoology. Tt ...
can. hewavec. e hacd. ko enjorce as hackers con it thair.....
(denkiky. usion,. IO scadibecs. anol proxles.................
.............. An_example. whese. the... aus. hauedt kept. up. i, widb...
novalien. of. outonated techndlogy. such 68 Cs9. ad........
spacetropt... Ao tige. techapligjes have. ko0 dnelcped <o.....
feust,.. hatdth..and..spydhy. (0QuAkLons. hae.nok. kept... ...
leaditeg to. spoeiiiod. QLY. arikiism.. o companies. whan...

ﬁmm;gn,mﬁwwfrcgé%r&wm]
L@aﬁf}tmmm NN app\\CGh'ON 0) l'my lDﬂOJ bﬁMl’ Lu-’efg ‘ngbu*%\,\mma _| "
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Ataxi firm is investigating replacing its drivers with-self-driving cars.

(a) Explain why the self-driving system will use a real-time operating system.

R R L T T T Y

R

) ) oo : o r = ' o EIRLI \
. ;o | ‘ IR TUN N (WA IR S VAR
t
¢ IS + i L.
iy i) Y LR RS DO v iy 3T \

FSTNCEEYS A SRR SN SIS N4 T T TSN W
N N X A B VA RN s BRSO SRR b
BV IR

= RN AR
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(b} The code for the self-driving system has been written using.an object-oriented programming
language.

If recognises obstacles in the road and then classifies them
The class for Obstacle is shown below.

public class Obstacle !
' private moving //Boolean value
i private distance //Real number given in metres’
private dlrectlon //fnteger glven as between 1 and 360 degrees
public procedure new (givenMoving, givenDistance, givenDirection)
moving=givenMoving
distance=givenDistance
direction=givenDirection
endprocedure

public procedure updateDistance{givenDistance)
distante=divénDistance
endprocedure N ..

- -~ = oa !

endclass

o

(i) Write a line of code to creafe an object called bollard of type Obstacle which is not
moving and is 7.8 metres away-in a direction of & degrees

(ii) Describe an example of encapsulation in the class definition code above.

Jn. e upd&*eDtskmm Procacuace,. . Npswdion. .
[5... wxedwhzﬁ ....... omng .. ohs\rome, O

l—-@ OCR 2018 —J
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{c) The self-driving program recognises people as a special type of obstacle and the class
Pexson should inherit the methods and attributes of Obstacle. People are treated like other
obstacles except:
* when the updateDistance method is called, if the person is more than 2 metres away
but is 5 metres (or less) away, the method Controls.beepHorn () is called.

*  when the person is 2 metres away (or closer), the method Controls.applyBrakes ()
is called as well as Controls.beepHorn().

Complete the class Person.

neus obskidle

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

............... .€onreolls.. heop¥eraD3 .
Bloustorce €208

..............................................................................................
L ™ L T T N T L L LTI T LT
....................................................................................................
....................................................................................................
B R T T PR

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

distance=givenDistance ‘ . ;
andprocedure ' ‘
endclass . [51

(d) Give one advantage and one disadvantage to the customers of the taxi using self-driving
cars-rather than drivers.

" s

Advantage

* 0009390210517 *
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' 8 Astudent writes a program to apply a symmetric encryption algorithm to work on messages-of up ‘
to 25 ASCII characters.

(a) Describe-what is meant by the tefm ‘ASCIL.

The encryption algorithm works in the following way.

A message of up to 25 characters (spaces d@nd punctuation are hot’ mcluded) is placed in a
5x5 array. Any Ieﬁover spaces are ﬁlied W|th random letters. The message | LOVE COMPUTER
SCIENCE becomes: = -

=] =1 = @] o]
olm|mio|H
=3~ N R Ne)
wWla|wieg | <
:'z‘ Hla[la|lm

The key is a sequence of ten numbers.
In this example we willuse 1 2 3 4 5 1 2 3 4 5.The first 5 numbers state how many spaces
the rows 0 to 4 must be rotated right.

Akey with the first 5 digits 1. 2 3 4 5 would result in

HimE|w|w|m
o|l=2|nn|gd|H
=|laolalal|l=
Wl lwm|r|olo
Bl R}

The next 5 digits state how many spaces down the columns 0 to 4 should'bé rotated. -

Applying the last 5 digits 1 2 3 4 5 to the grid above would give

| w || @]
n|lcac|lH]lO!=
alel=lalae
olw|w|ulo
ZA T <:-

; & 0B AT S
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Part of the pseudocode for the algorithm is written below.

global array gridl[5,5] o
addMessage ()

// letters and random letters have been entered °
// into the 2D array, grld -

for 1 =20 to 4 . ; A

- S -
= getNextDigitinKey ()
shiftRow (i, x) ’
next i B

for i = 0 to 4 ) '
= getNextDigitinKey ()
shiftColumn (1, %)
next i

//Now reassemble array back into string.

(b) Show the result of running the algorithm on the grid and key below.

KEY:3333311111

gjlE|iE|a|lAA
Qlw|lw|@w|m
[eo T v I I I I
Ol E|(H

lo|l<lw|w]o

Grid after only the rows are shifted:

[=lg; MmN -

f

&
S
R
G

=>4V
oICI®|2m

0
R

G
Y
Y

Grid after columns havealso been shifted:;

SR ' GleTaTulo
R plslefTlo]
& ElTIim|[<Cle
PlsiE si\Alele]s
x| RiPIL|ELY

g [MR

* 0009390210518 *

WA

1w

wq

[21

Turn over _]




(¢} Write the procedure shiftRow.

£00cedune.. smak.gm...{ ..................................... S -

CII
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{d)* Modern encryption is much stronger than the method described in the first part of this
question.

Discuss the impact of modern encryption on society. You should refer 10

-

*  The importance of asymmetric encryption and how it differs from symmeiric encryption.
+  Different circumstances in which symmetric and-asymmeétric encryption may be used.

Asymebele encryplion. waes. . privede.. Rey. fo........
enerupt. . dota . This....0ea08. ... encruption...........
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9 (a} Demonstrate how the bytes below are added together. Show your-working.
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(b) Demonstrate how the bottom byte below is subtracted from the. top byte. Show your working.
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(c) Convert the binary number shown-below to hexadecimal.
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{d) The, number below is represented in fioating point format with a 5-bit mantissa in two's
complement followéd by a 3-bit exponent in-two" s complement. Calculate the denary value of
the number showmg your worklng
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(e} The numbers below are represented in floating: point format with @ 5-bit mantissa in two's

complement followed by a 4-bit exponent in two's complement Normalise the numbers
shown below, showmg your working.
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(f) Show the byte:below after’havmg an AND applied with the m&sking byte
- 'f\
Byte |1 0 .1 1 1 0 0 " |1
AND |1 1 1 1 (IR F Y
Result i 0 T . vt o7 o o)
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{g) Show the byte below after having an OR applied with the masking byte.

Byte |1 0 1 1 1 o |0 1
OR |1 1 1 (R (A 1
|Result [»® y| -y | O -_‘o 1 o \ ©i ©
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10 (a) Draw a logic gate diagram to represent the'Boolean expression
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(b) Find the Boolean expression represented in the Karnaugh Map below. Show your working.
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e Write the information required clearly in the boxes above using capital-letters.
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