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Section A

Answer all the questions.
A program stores entered data in a binaryséarch tree.

The current contents of the tree are shown: -

e

italy - :
]
I ) |
France Spain
| R ‘ il [
; e : I

Austria - Germany Norway

—

(a) Complete ;rhe diagram.to show the contents of the tree after-the following data:is.added:

England, Scotland, Wales, Australia
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(b} Show:the-oirder of the:nodes visited in a-breadth:first traversat on the following tree.

1 ' faly
L — i -
”1_ | France > Spain
4 Austria: Germany ~ Norway
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(c) Apseudocade algorithm is written-to search the tree to determine if the-dataritem.“Sweden” is
in the tree.

The function currentNode . left {) returns the.node positioned to the left of currentNode.

The function currentNode.right ()returns the node positioned to the right of
currentNode,

function searchForbata(currentNode:byVal, searchvValde:byVal)
thisNode = getData ( cusrent Nede

if thisNode == ..2eecemMNalee ' . V? then

return .. %5, PR S Qy ......

elself thisNode <. searchValue then

if curreritNode.left () != null then

return (searchForData (currentNode.left (), searchValue))

else
return .. EHLSE of
endif
else ‘ .
if Cmval\kNgcke,r\C\‘mkD ....................... M ...... t= null then
reﬁurn (searchForﬁata(éurrentNode.riéht(), searchValue))
elseh
réturn false
endif
endif
endfunction

(i) Complete the algorithm.
[5]
(ii) The-algorithm needs to be used in different scenarios, with a range of different trees.

Identify two preconditions needed of a iree for this algorithm to work.

-------------------------------------------------------
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2 A company merger is joining five e-commerde retailers under one company, OCRRetail. Each
retailer has a different sales system and OCRRetail wants to develop one computer system that

can be used by all the retailers.

Mary's software.development company has been employed to analyse and des;gn a solution for
the company.

(a) (i) Two computational methods (techniques used to solve a problem using computational
thinking) that:Mary will use are problem recognition and decompaosition.

State what is meant by problem recognition and decomposition.
Recognition . TM)“TM:\ s WW\L S %ﬂit{\

Decomposition 6M@RMMWN§W}M

T U },E'MQ._ ' .
(ii) Staie one additional computational method.

.K. ¥ -‘ : rernsieg : Yeneh %ﬂ.........; .................... Yenreiresnns [1]

{b) Mary plans to use data mining to generate information about OCRRetail's customers. Mary
will use this information fo benefit the company.

(i) Define the term ‘data-mining'.

\QW%W%&\M@ ...... SOITS LVN (PR’ €16 3% /S0

{ii) ldentify two pieces of information that data mining could provide OCRRetail about sales,
and state how OCRRetail could make use of this information.
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(¢): Mary has developed the program:and is: consrdenng usmg performance modellmg before
- installing the. system ‘ : .

(i) Define the term performanée modelling’.

)W\m%mwwwkﬂd&x .............. N [1]

(ii) I|dentify one way perférmance modelling could be used to test'the .new system.

T

{d) Mary created the program as & series of sub-programs:that can be reused

Descrlbe one benefit-of Mary creatlng reusable program components,

PP SIRTEEVS ¢ G PESTIP VIS G “UVT ST XTSI [ -T2 Y32 N SV, G
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3 A puzzleshas multiple ways: of reaching-the end solution. Fig..3 shows a gragh that represents all
possibte routes to the solution. The. starting point of the game is represented by A, the solution is
represented by J. The other points in the graph are possible intermediary stages.

i

Fig..3
(a) The graph in Fig. 3 is a visualisation of the problem.

(i) Identify one difference between a graph and a tree.

BW\W&W}MmWMb& ...............
Q/\fc&.df« .................................. v) ............... cerereeese e enee e ee e enenan ]

(i) Explain how the graph is an absiraction of the problem.
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(iii) Identlfy two advantag;é of using a visualisation such as the one shown in Flg 3
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(b) Demonstrate -how Dijkstra’s algorithm:would find- the shortest path {o the solution:in Fig. 3.
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(c)* The-creator of the puzzle has been told that the-A* algorithm-is'moré -efficient at finding the
shortest path because it uses heuristics.

Compare the performance of Dijkstra’s algorzthm and the A* search algorithm, making
reference to heuristics, to find the shortest path to.the problem .

WMWM&LM&WW mm«,ww}w ..............
Stawdenk.. galir ton 2onh pacd@er R sahcrsamb. LS. bt Reamb s,
WS FoU NI SR EA T P U VN SHININC ST N NIV EY P2 = OB |
M(E’&m}sm BTN SRV G W (PSP S VPLI WS o
Crenfandimds: Wnae e st Lt adh o S 2. wz&g{ St XA SAR, W

\%W\ RS cy?sm’\“\@ EECVIVWN c{m \:\%msmw et

W...D.M cxku(ﬂ‘w*-m\'w oS wm;m%m
l&w BB o cﬁhvot/su&«, W&Wﬂvﬂ

S A SAar ok AR KA.t SR A dastht L. mmm\..d%w}

W@f)}fgmm WWM« T S
el vt u\m L—j%jnm W ........................................................

...... :....-.-......--------------------......‘.......................-u.u----u................a....:.............-.........-".......-

I_@omm..................... .......................................................................................................................... [ﬂ §E
B HllWlIﬂllINlllill|||I |||IIIHIIWiIllIllllHiIllIIHlll! .

OC
* 0009657900310 O ¢

=

SN oK Y Y S CR Y S KON P PE T OO P} SO KON CHOY PPN O S YRR S H P O OHEN ARG AN SN O H OUO RO U O XS AR H N OH C AN M B UMDY DU MM XM NS HO W o oLl M e R o

=




R

v
=

IR

R

01 400 070 A

S0 S 00, 0 R 0 SR AR 2 2 A0 05080 05, 0450 v 5 070 0 0

(d) A computer program version of the puzzle is to.be:developed. A programmer will use an IDE
to debug the program during development.

Describe three features of an IDE that hélp debug the program
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4  Arecursive function, generate, is:shown. .

function generate (numl:byval)
if numl > 10 then
return 10
else
return numl + {generate(numl + 1} DIV 2)
endif
endfunction

|

(@) Trace the algorithm to show the value returned when generate (7) is called. Show each
step of your working.
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(b) The parameter, numl, is passed by value.

Explain why the parameter was passed by value instead of by reference.
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{c)* :Parameters can be-.used t() reduce the use of-globai variables.. :

Compare the use of parameiers to g!obal variables in recursive funct:ons
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(d) A student called Jason writes a recursive- algorithm. The récursive algorithm uses  more
memory than if Jason had written it as an iterative algorithm.

Explain why the recursive -algorithm uses more memory than the iterative algorithm.
AT MM .......

...............................................................................
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dataArray.

5 A.computer program stores: data input on a stack named datalitems. The stack has fwo sub-
programs to add and remove data.items fromi the 'stack. The stack-is-implémented 4s a 1D array,

15

) Sub-program . Description
push () L The p,aramgater'is added io the top of the stack
pop ()}

The element-at thie top of the stack is.removed

The.current contents of dataItems are shown:

15
100
23"

(a) Show the contents of the sfack-dataltems after each line of the following lines of code are

run.
01 push(13)
02 pop ()
03 push(l®)
04 push(20)
Line 01 Line 02 Line 03 Line 04
| Lo {w/
\ DS | . lo & \o
| e | V] D
6 L ) IS
° | 6
15 S \S \S
100 \OD : \oco \oo
23 1LY AN LS
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(b} The main program asks a user-to.push or pop an-item from the :stack.-If the user chooses
‘push’, the:data'iteinis:addedto the stack. If the:userchooses “pop”, the-nextitem.is.removed
from the stack, multiplied by 3 and oufput.

The main program is shown: -

01
02
03
04
05

06

(i)

(ii)

L © 0GR 2018

userAnswer = input(“Would~you‘liKe‘to push or pop an item?")

if userBnswer == "p
push (input ("Ent
else B
print (pop{) * 3
endif '

ush" then
et data item"))

}

Before the sub-programis, push () and pop (),.can add or remove items from the stack,
a selection statement is.used to decide if each action is possible.

Describe the decision that needs to be made in each sub- program and how this impacts
the next process.

push ) Tk oeadis. e Ch2sl. L{‘M mrm«l UEM;Q(&M%‘@&M

The algorithm does not work-when the user enters "PUSH" of "Push".

needs to be changed in order to accept these inputs.

[4]

The aigorithm

Identify the line number to be changed and state the change that should be made.

Line number ......... o, ‘l. ...........

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

Change.l\,....mﬁ;o.:k G :3 ..... Q“-’S"’\ @@WYP\“&A?-VJ 0\3‘7\”
OR 1500 AAS L5 T DS AN
21
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{c) Thestack.is implemented as.a 1D array, dataArray-.

Describe how a 1D array can.be set up. and used:fo push and pop items as.a stack.
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(d} As an array, the data in dataArrayis sorted and then:searched for a-specific value.
(i} The datainh dataArray is sortediinto-ascending order:using dn-insertion sort.

.9
The current contents:of datadrray are shown:

100 | 22,1 5 | 36 | 999 | 12

Show‘ the steps of an-insertion.sort on the current contents of the array dataarray.

\DO A MW Sdanmand, LA. m e Kes Mw RS

............ Mn\oowmﬁ G«zxiﬂ.&ﬁm

Zoudpr,. 00, NA.(.)_(L \v\wn, boan.Soked o, At mars Tamb..

smda odbr ateendh (5,36, 1 18 D) midh be. e oa5...
t -
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Aekrz, 3R A W SeA s b wpid ) W
Tine ok g sortad cirn 1 oparest o Jathorl
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(ii) The array dataArray can now be searched using a.binary search.

L—@OCR 2018

Descnbe the stages.of a:binary search.on an array of size n.

SIVESY mewm W w PO G WL S E PV OIS
wmmw S s, Lw?m a{’\m LX)

" wwqumw Wm%mwma

WWWM&W Samdtadh. oy Ses. amAK. dameks. 1A chisnged
Yo geih.. Ls. MQWM%MWJ{KG(W;TMM
m_q{mmwm mm%_ W_wm_d{w
N&M%qumm AA@LM oo [T
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(iii) The array has 50 items..

The function, searchItem(), perfotms a linear ‘search-ior-& data item.

function sedrchitémi{dataltem)

. for count = 0 to 49 ] .
if dataArray[count] == dataItem then
! return(ceunt) :
endif

" next count
return(-1)
endfunction

Rewrite the function. 'USir'lg a while loop.

& .
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Kamran is writing a program to manipulate the data.for a set of items.

21
SectionB:

Answer all questions.

For each item, the program needs to store:

+ [ltem name (e.g. Box)
Cost (e.g. 22.58)

» Date of arrival (e.g. 1/5/2018).

Transferred (e.g. frue)

The iterns aré added o & queue for processing.

* The queue is defined as a class, i temQueue.

ltemQueue

theItems[lO]

| numItemns =

head : Integer-
tall : Integer
Integer

: Items

constructor
engueuer ()
dequeuer ()
setnumltens ()

‘getnuniItéms ()

The head atiribute points.to the first element in the queue. The tail attribute points to the next
available space inithe queue. The numI tems attribute states how many items are:currently in the

queue.

{a) The data ébout the items can-be stored using either a record structure, or as objects of a

class.

(i) Explaln the similarities and dlfferences between a record and a class.

%M}Wmmw%ww& ........... \ ..'. 12, o TrkandeA, 4

W'ﬁwﬁk .................... Q/ ........................ e
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- (i) Kamran chooses to use a record structure to storethe data about the items:

Record structures may be declared-using the following syntax:

recordStructure recordstructurehame
figdldname : datatype

endRecordStructure

Complete the pseudocode to declare a record called iteins.

'%"-5:55—*5 ..... D A e t Currency
I B bt/ X D s :

L L AWABAL SEEANE: A AQ-XQ« W“"S‘ Date

transferred : %G'm’\ ....... J ..............................

endRecordStructure J

T e e T e e e e e o e e
- T L - L g, 1 C s C L. il _ N C-

[5]
(iii) New records may be created using the foiloWing syntéx: ¥
)
recogdidentifier : recordstructurename
%’c_fidentifier. fieldhame = dataw
‘Write a-programmiing statériient to-create-& new itefn, using the identifiér *bok1’, with the E
item name "Box”", the-cost 22.58, date of arrival 1/5/2018 and transferred true. d
. ' ¢
g N § LYY <O SO OO 4
¢
....... (ISR G LS =00 1) K= S o
' g
e bext.: dokeOL Asfmal 2.\ ..EJ.;{‘.‘D.;Q..\g; ................................................... g
H " 2
. i g
ko tbemNome = R e ¢
....... boxd s £sanienred 2 RRu TR ME e s e es s

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

S T T T L LT LT T T T P PP P PP PP P PP VTP PR

S | L

* 0009657900922 *

3
. Q




23 : I
(b) The array, thelItems, stores the items in the queue. When the tail of the queue exceeds the
last element in the array, it adds:a new itsm to thefirst element-if it is vacant.

For example, in the following queue, the next item to-be added would *'be placed at index 0.

Index 10 | 1 2 4 3 4 4 b5 1 & 17 8_9

Elerient | Data | Data | Data | Data | Data | Data | Data

I—©00R 2018 Turn. over _J
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(:) Deflne the term queue

(ii) The attributes in itemQueune are all declared as prlvate

Explaln how a private attrlbute improves the: |ntegr|ty of the data.

T\Pa ..... o

mih«c:a— .daxpwq(e. mmw ;j MMSJ\%} ......... %o hoks

(iii) The constructor method creates a new instance of 1temQueue ahd sets the head, tall
and numItems attributes to-0. : ~

Write an algorithm; using pseudocode or prograrﬁ code, for the constructor including the
initialisation for all attributes.

Q\Lbhc, Qs:sa.s—.ss:ku.t ......... -2y CMW%@WQQ@L K%XL\MX%—@.MSB

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

....eimL...Q.m.c,e,.::b..mgﬁ.' ........................ e 2]

R [T
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(iv) The enqueus method: ]
takes as.a:parameter:ihe.item toiinsertin: the quéeue  Koan
checks if the queue is full

reports:an-error and returns false if the queueis full

does the following if thé queue is not full:

o .adds the item to the array at the 1ail position and adjusts the pointer(s); -

o returns true

The attribute numItems stores the number of items currently in the queue.

Write an algorithm, using pseudocéde or program code, for the ‘enqueué me’t:hod.

....sgm.&:.\i.g......f.%;c:k‘m{\.....ng'ugm%..\:. ) ....................................
T ..T‘?:{Y.LQ.N.T \m\.ewrt;\«(ﬁ\w—ibwg ...............................................
................ Qc&.?r-vuj Le.i\fj kb z2aemEl Jr\mef\
RTI ~:91 (Twwu& TS
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(vi)
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Write a programming statement;fo declare an.instance of i temQueue called inyItems.

.................. M‘,XWW]—WW() [1]

Write a procedure, insertItems (), to ask the user to input the data for an item. The
item is then added to the queue myItems. The user is continually asked to input data
items until the queue is full.

Qm Rrocedant. . inseckibanSl ) ......... w ......................
....................... Vo Ronr, = Meu-t(u ' )

et M(\M = \o.f\?’;b\ (M I_‘E‘-Q.MS)} w ......................
L‘c{mlﬂmst\y@(%ﬁmmm ...... >Q/

: .......... (‘\Am Wl hnon. bam, s V)
............................... ma(l’(qms %W(M)J
et ERUSSVS Ui S=ST.S. S W e

e T e N

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

LR R R

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

................................................................................................................................................
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{vii) When thé:main program:ends, the items.and the:queue nolonger exist..

Describe.how Kamran could amend the program to make sure the.items and queue still
exist and are used the next time the program is run.

(c)* Kamran wants to expand.the program to allow:it fo handle up to 100,000,000 items and to -
allow him to search for data about items. Kamran is worried that the increase in the number
of items will cause. a decrease in the performance of the program. He.decides to investigate
the benefits of caching and concurrent processing.

Evaluate the use of caching and concurrent processing in this scenaric and make a.
recommendation.to Karran, :

OV SV sL*LpiM‘(asqmcaJ% I dolns —Ure;tw .........

)\Pcmw&?&»wqwamummmmmw
’?wwmﬁ}dﬁhwtmumm}w .....

, WW\WWMWM“YMM ..............
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