AS & A Level | OCR | HO46 & H446

TN X

for AS & A Level OCR Computer Science

Fublish your
own work...
Write to a brief..
Register at
publishmenow.co.uk

Follow on Twitter:
@ZigZaglomputing

Photocopiable/digital resources may only be copied by the purchasing institution on a single site and for their own use




Contents

Product Support from ZigZag Education i
Terms and Conditions of Use i
Teacher's Introduction iv
& Level OCR Computer Science Specification Map 1
Task Sheets {54 pages)
EX@ICiSe T = SEarChiNg AlGOrTNMS oot sttt ekttt e et sec 4 pages
EXGITISE 2 — SOTHNG AlG0MTRIMIS ot ems s ss s s as e e s s an et 4 pages
EX@ICISE 3 = TOWEFS OF HBIMDI oottt asises et st sb skttt 3 pages
EX@ICISE 4 — SOMING CUBUBS .o ericenientenecne e eosscoseense e et smt k3R sttt e 5 pages
EXEITISE 5 = DIBUGNLS oot sm st ce e e s n et 8 ek e 7 pages
EX@ICISE 8 = TTEE TEBVEISE] ettt ens et et es s nesssass e e b se s pe s e 2 e 7 pages
Exercise 7 — DiKSIra’s AIGOINM oottt sttt sttt st 9 pages
EXErTisg 8 — BOMD SBAITI oottt ettt ekttt 6 pages
Exercise 9 — File Handling & Hash Tables ..t sncnsese o ssssss st nssnssnscassc s cnans 5 pages
EX@rcing T0 — REVEIEE POISN oot ssas st s as st e st 4 pages
Suggested Solutions & Mark Scheme {78 pages}
Exercise T — Searching AlGOrithimiS. sttt oae sttt senee 5 pages
Exercise 2 — SOrtng AlGOFERIMS it e 7 pages
EXQICISE 3 TOWEFS OF HBIMDI oot essast s as s ass e b s es s s ea st e n 5 pages
EXEITISE 4 — SOMING (IUBUES oot cateneai st ses s essa s oo cas et osenas e s cr e ecreenssssessasennaones & pages
EXETCISE 5 = DIBUGNES 1ottt et et et et et 12 pages
EX@ICISE B = TT8E THAVEISE] oottt sttt ca s et et et etk e 9 pages
Exarcisg 7 — DiKSIra"s AlGOFNIT oottt s ms s st et e an e es st 13 pages
EX@ICISE 8 = BOIMID SEBITI oottt sssess e e e pe et et 8 pages
Exercise 9 ~ File Handling & Hash Tables oo nrciesiionionsonneonscenncssscsmaesssossiossenssonsesnesssscecsnns 8 pages
EX@rcing T0 — REVEISE POISN oottt cns s ss ettt b5 st se bt 4 pages
-



Teacher’s Introduction

This resource has been designed to support the development of students’ programming skills at KS5,
It contains 10 unique exercises, featuring a range of scenarios that develop the core programiming
principles.

These include programming constructs, recursion, global and local variables, modularity, debugging
programs, ohject-oriented techniques, divide-and-conquer algorithms, data structures and standard
algorithms - all skills that are relevant to the A Level OCR Computer Science specification.

Each exercise contains a combination of questions and tasks, and consists of two sections — Section A
and Section B.

Section A
Section A provides a series of questions that test theoretical understanding of the code.
These questions require written responses only — no programming is required.

Section B
Section B provides a series of tasks that require the programs to be modified in order to make
improvermnents and/or develop their functionality - programming is required.

For every exercise, there is source code, which students will need to save to their computer (or other
local directory) and open in a code editor before they can complete the tasks.

Section B should take longer than Section A to complete and will aid preparation for the non-exam
assessment (NEA)Y and any other practical assessments.

The guestion/task sheets can be photocopied or, if using the PDF versions on the CB, can be printed or
simply followed on-screen {(for Section B especiaily).

Suggested solutions and mark schemes for all guestions/tasks are provided (in print and as electronic
copies on the CD). Note that credit should be given for any valid responses that are not explicitly
included in this resource. Exemplar C# files demonstrating all of the Section B changes made for every
exercise are also included on the CD.

Note that the mark schemes and solution files are not directly accessible 1o the students via the HTML
interface {(index.html), but can be accessed directly from the resource folder.

MNB. Exarcise 10 infroduces the concept of postfix {Reverse Polish) notation which, while not required by the
OCR specification, is included in this resource because it gives students the chance to develop their
understanding of creoting, manipulating ond troversing frees, and o practise the other important
programming skills that are reinforced throughout the resource. The skeleton code provided for this
exarcise is more expansive than the skeleton code for other exercises, and so this may be considered an
additional activity for more talented students who relish the extra level of chollenge.
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SECTION A

&

Give a line number from the program that ¢ a function call.

Explain why some arrays are not searchable with a binary search alg

The program uses a constant.

Explain why a constant was a suite

o
both functions return -7 if no value is found.
Explain why -7 is a suitable choice of value in this case.

The linearSearch function does not use an ELSE statement as part

Explain why it is not essential to use an ELSE statement in this case.

C# Exercises for A Level Page 1of2
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Explain what is meant by the time complexity of an algorithm.

State the time complexity of

The binary search algorithim can be implemented using recursion.

Explain why a recursive version of the binary search algorithm may ng

C# Exercises for A Level Page 2 of 2
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Program in guestion has been successfuily corrected [ ]

Maodify the program so that when the functions do not find the valu
part of the message shown on the console.

Program updated [

Modify the program so that the identifier x is ced with a better

Program updated [_]

&cursiveBinarySearch function

Modify the prog

> : earch to return the index of the search value if it is
y1e not found” if the value is found not to be in the array. T

Program updated [_]

Modify the program to add a getval function that asks the user for
imteger. This function should take no arguments and be able to hand
input. The main program procedure should be updated to call this &
will end up being passed to each of the search methods.

Pragram updated [

Modify the program to add a generatelist function that is given
returns an ordered array of all positive inte m 1 to the given
dure to create the se

Uife start and end of the portion of the array wi

Wie main program procedure should be updated to call this procedus:

C# Exercises for A Level Page 1of2
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Create duplicate copies of the methods linearSearch and birnars
be on comparing their time efficiency. The duplicate methods should
timedlinearSearch and timedBinarySsarch. The new functio
a count variable that increments by 1 every time a new element is vi
be returned when the search ends {either if the value is found or whe
search value is not in the array).

A testlLinearTimings function should dded that accepty
e n for the length of the arr

e tests forthe n : hat should be carried out on

el inearSearch method. Itis advisable to search for values 7,
elements in the array are searched for.

Next, a similar method called testBinaryTimings needs to be cr
on arrays using binary searches and then find the average amount of}
testLinearTimings function and modify the copy to fulfil the sa@

searches.

The main program procedure should now have test code added to it
1,000 and 10,000 are created and the same numbers of searches are
each array is searched for once}. The main program should output th
searching alongside the average time taken for binary searching, suc

A B8E tas

COPYRIGHT
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EXERCISE L5 AlG

SECTION A

A1 Explain how the integer values for the arr non lfine .

Al 3 Define 'recursion’.

al a The character \t' is used in the Main f)

this case.

Explain what it is and how i

als When the bubbleSort function is called, the program uses a Bocle .

Explain the role plaved by this variable.

C# Exercises for A Level Page 1of2
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The purposs of the split () method is to separate one array into tv
elements in the original array is even, the two arrays will be of equal

Determine what will happen to the middle elernent of the original ar
array contains an odd number of elements. Explain the role of the DI

ala The merge sort algorithm is an example of a divide-and-conquer alg

Explain what a divide-and-conquer algorithm is.

'?' he time complexity of the bubble sort and merge sort algorit

Ao Another method of sorting an array of numbers is known as an mseﬁ
Describe how the insertion sort algorithm works.

C# Exercises for A Level Page 2 of 2
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EXERLTSE Z — S0RTING ALGORTTHMS

SECTION B

i
i

i
1

i
i
i
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i
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i
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i

i
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Program updated [ ]

prompted to add a number to the array. Your solution should di%pid}
them when they have entered a non-integer number and keep asking
a valid integer.

srasber {\‘ Lhe

COPYRIGHT
PROTECTED

Bk et
2y Bk
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Program updated [}
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Currently, the code (which has just been improved in Task B4) that as
into the array is hard-coded into the main program procedure, and sg

Modify the program so that this code is moved into a new Getlis

array as a parameter and returns the array fully populated with valu
the main program procedure to overwrite the empty array numList
as described in Task B4.

Program updated [ ]

Modify the GetList fug e user can also choose to ents

. have the option to enter numbers individualy if the}/éi
gement in this task to make the list option robust encugh to de:

L U8 <%
% & &

>
&
B

% @
o 2

function so that it passes the array and the
() which uses the parameters pas,»ed to it to ret

accordlngly to use this function.

Program updated [

Thoroughly comment the entire merge () function to aid future prog

Program updated [

Modify the program’s output to observe the behaviour of the bubb 1
bubblesort () function should now include a swaps variable that ¢
are made on each pass. The program should display the value of swa
performing the next pass.

COPYRIGHT
PROTECTED

Test it with a sorted list and it should produc ut atong the foll

ig

29

Education

Program updated [_|
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EXeReTsE 3 — ToweRrs oF HANOT

SECTION A

A1 Give a line number from the Game cl stance variable t<

he methods in the Tower class are constructors

A2
Al 3 Discs can only be removed from or added to the end of & tower's a
Siate the data structure which represents this behaviour and descri
of that data structure.
Al a ion when the Game class tries to
als The program does not accept "ONE", "TWO" or "THREE" as valid mps
Explain what would happen if such inputs were given and how C# WC‘
COPYRIGHT
PROTECTED
Al g | Alessrobustprogram could crash ried to move a disc f
Explain how the Move ( : naies this eventuality. - v
'9
ng
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Education |
C# Exercises for A Level Page 1of2




The OR operator is used to perform a check before a valid move oc

Explain the role of the OR operator in this case.

Explain the operation of the Remove d of the Tower

The program uses multiple classes for encapsulation.

State the meaning of encapsulation and why it is useful.

ences between an array and a list.

C# Exercises for A Level Page 2 of 2
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EXeReTsE 3 — ToweRrs oF HANOT

SECTION B

1 Modify the program to output an introducto
show the name of the game. ~

atthestartofan S

Program updated [ ]

at it accepts "ONE", "TWO" and "THREE" da

3 The instance variable Number in the Tower class currently has pubiécEE
mutator methods for this variable and set its visibility to private, moc
program so that they call the relevant accessor/getter method insteay;

Program updated [

4 Modify the program so that it displays a simple visual representation
each move is played.

updated []

5 Madify the program to add a CheckWon function in the Game class
successfully completed the game, or otherwise returns False, (Hint: 1
line of code inside a method bodyl). The Main procedure should be
function to end the game once it has been won, and then displays thy
prints a message to tell the player that they have cornpleted the gcm
have the while True: loop changed to use a more appropriate co
as while True loops should be reserved for testing purposes or inc:

Program updated [ C@ PY RE@ E’ET
. PROTECTED

6 The minimum number of moves needed to complete the game is 2" -
So a game with three discs can be completed ir:: moves, a game wil
moves, etc. .

hoose the number of discy.

Modify the program to a!
: yutput the minimum number of move

and the program

ig

29

Education

Program updated [}
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SECTION A

a1 1 How many private members (i.e. attributes a

Give a line

Al 2 A gueue is one type of data structure; a stack is ancther type.

Explain the difference between a queue and a stack.

Al 4 The method IdentifyQueueTail () is used

State why this method must therefo art of the Bnau

Al b
Al B
al 7 The queue is implemented as a |
Explain one advanta ked list instead of an array to im

C# Exercises for A Level Page 1of2

ithods) are there m

1e Node class that demonstrates paramete

ind the tail node m
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A 8 | Having read and understood the code, describe in words how to eng
that is irmplemented as a linked list.

Al g Queues can be implemented in different ways; for example, as a cir

Explain what a circular queue is.

A 10| Explain) ieue is used in the program and how you ca

COPYRIGHT
PROTECTED
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SECTION B

Modify the program so that it outputs a meani | message to the
enqueued (added to the tail of the queys: e lines of the exa

L o i

i
s

%™ updated [

Modify the program so that it outputs a meaningful message to the ¢
dequeued (removed from the head of the queue). Be careful where y

Program updated [}

2

on all newly added code.

Program updated [ ]

A ‘doubly linked’ list (also k

into Cueue. PrintQueus () 1o ensure that it has succesded.

Add a method called GetSize () to the Queue class which returns t
The method should work with empty queues (size = 0). Choose mean
name and any variables used within it. Write code in Program.cs td!

o-way' linked fist} uses poin

new attribute. Finally, the constructor for a queue which takes a node
amended so that it calls the Enquesue () method from now on. Suital

C# Exercises for A Level Page 1of3
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Exemplar cutput is shown below.

SO
rdamom

Fenugresk

Papril

indexing should NOT be used. Assume that the first node in the quet
Add a Bump () procedure to the Queue class.

When the function is calied, as long as there are two or more items |
showr an cn-screen printout of the queue and they should then be &
indicate a particuler position in the queue (#1 represents the head of:
head of the gueus will be regarded as #1, the only valid inputs are i

have no previous node with which to swap) and ranging all the way ¢
queue. Suitable validation should be included to make this procedu

to he sy

COPYRIGHT
PROTECTED

ig

29

Education

e }Work through each of the three Pointer variables and mudtf/

%@w‘ ‘
WS queue).

= Work through each of the three previous pointers and modify
the tail towards the head of the queue). :
e Output the newly sequenced gueue,

Program updated [

C# Exercises for A Level Page 2 of 3




6 Bubble sort is a sorting algorithm where values held in & linear data
compared and potentially swapped with adjacent values. On each pa

value ‘bubbles’ to the head and takes its place as the maximum valug

succassive passes to ignore that node.

Having developed a swapping procedure, make a copy of it and nan

and output statements can be deleted from
position of an item in the queue (as a
value that is currently ahead;

). Modify Swap ¢
and the Swap () p

Next, build g
bl

+

The BubbleScort () procedure should return straight away if there
gueue.

Program updated [ ]

C# Exercises for A Level Page 3 of 3
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EXERLTSE & — PRAUGHT?

SECTION A

Al Give the class name and the line number fro rogram where a

Qb5 INIAISED e
has its vaiue read in Full o

Al 3 Explain why the PlacePieces method is private instead of public.

Al a ihe Piece class requires one and on

al g Which of the following is true?
1. ’Each piece stores its position on the board.
2. ‘The board stores the piece positioned on each square.

Explain your answer.

C# Exercises for A Level Page 1of3

e number from the program where a priva
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Al 6 Explain how the program generates the output shown below when it
methods involved and describe what they do, but you do not need te
carry out their roles. -

A R

R A

HRD IR SRR A VD A

COPYRIGHT
PROTECTED

.
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Explain the use of the MOD operator in placing the pieces on the b

A new King cla ed that inherits the Piece class.

nce is and why it is useful.

Explain the difference between functions, procedures and methods.

A Board object is created to represent one game’s board.

Explain the difference betwesn an object and a class in this case.

C# Exercises for A Level Page 3 of 3
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EXERLTSE 5 — PRAUGHTS

SECTION B

Modify the program so that the white square< 2
is displayed.

ndicated by an u

S TR A
RS A A, e,

R S AT
B e
B

. s, A, SRR AT ISR AT RIS
. S, AR, SR AT FRIITS SHIIAS LIRS

. S, AR, SRS AT FIITS

Program updated [_

Modify the program tc add a BeardSize attribute to the Board df
should be set to 8 in the construcior, and the BoardSize attribute
hard-coded values throughout the Board class.

Program updated []

Add an accessor methos rdsi ze attribute.

Program updats;

yt e program to add a public PieceAt function into the Boe
Mitegers (a row and a column from the board) as input and returns t
hoard, Zero-based indexing should be used. Validate the user’s inpt
range, and return a Mull value if either is out of range.

Add a procedure called DisplayPiecedt into the Board class. |t
and return the character representation of the piece found there, tr
differently from all white squares. Add code to the Program class t

No piece is found at [4,5]. COPYRIGHT
f8,8] is a white 5@@&@@ so no pieces | PROTECTED
R iz found at |

x

B 13 found st

wd 5
C

$oult

B oo,
&

Py r%»»%

Program updated [ |

ig

29
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Add a private integer attribute called TurnNumber o the Board ¢
moves made by the players. When whoever is playing as black (B) ma
of turns should be incremented from 1 to 2. Amend the constructor &
method and a rutator method that simply increments it .

Modify the program to add a validMove function in the Board rEa
(representing a start position and an end positi:s:ion the board) as ar
of the given colour can move a piece £ <n start position o
move. The ability to do repet : game of draughts can bg

ces can move in a straight diagonal line either one space
spaces (if the tile one space diagonally on from the start po
player’s piece and the end position is empty).
e Non-king pieces can move only towards the opponent’s side:
»  King pieces can move in any diagonal direction,
e Pieces cannot move to a position that is not on the board,

Here is a pseudocode structure you can follow:

Store the PieceToBeMoved as o Piece variable
Return False if PieceToBeMoved isn't an actuol Piece
Return False if the destination is off the board

IF PieceToBeMoved is not a king:
e |F it's Black’s move:
o IF Black is moving o

: DISALLOW
ELSE IF Black is moving 2 rows away:

= JF Black is moving 2 columns left or right:

e [F the destination is empty:

o IF thereis g Red in between:

o

s ALLOW
o ELSE
= DISALLOW
e FLSE
o DISALLOW
= ELSE
e DISALLOW COPYRIGHT
o ELSE PROTECTED
=  DISALLOW
e FISE
o .. asabove butr ea of ‘forwards’ and
ELSE:

..as ALl t with more freedom of movement beé i 9

2y

Education
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You can test your work by induding this code in the Program class &
arissetto It

TurnNu

: WPiteLine(“‘
\\.WPlteLlne(

" N
4 niare
Gopreae

\..*

.WritelLine(GameBoard.ValidM
WPlteLlne(GameBoard Vali

riteLine("\ ail b
2 WPlteLlne(GameBoard Va11dMove(5 0, 4, 1)
.WritelLine(GameBoard.ValidMove(5, 4, 4, 3)
erteLlne(GameBoard ValldMove(S 6, 4, 7}
SE an

3
fould all be FA

JMreitebline{"\nTh

wrlteLlne(GameBoard ValldMove(S

Blmck int oo
lack dinto a v

L4

WPlteLlnn(CameBuahd ValldMove(G 1 4, 3));

into an

T3 G’

GameBoard.UpdateTurnNumber();

. WriteLine(™
.WriteLine("\n?

.WriteLine(GameB
.WritelLine(

\\\\n arse

WPlreLlne(CameBoan ValldMove(@ 1 2 3));
JdritebinedM>rua>ey END OF

SXELET S \F A\u )_,

Program updated [}

Modify the program to include a validCe] method which ta
as parameters and returns True if th it eir correct colour o

C# Exercises for A Level Page 3 of 4
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7 Modify the program to add a GetMove procedure that asks the usev
at a time) and then checks if the playing piece lifted by the user is ot
{using the turn number that the game is currently at}. if the colour as
proceed to read in an end position (one integer at a time) and check:
given by calling the validMove method. .

Assuming all checks pass, the move should be un3
amended accordingly. If ValidMove fail
the colour test fails, the user :
"The board has

ated accordingly
should be told "1

énged. Try again; it i

: om the user should be fully validated usingéé
¢ added to the Program class so that six moves can by
nvalid. -

All four int

8 Modify the program to add a CheckWon function that returns the p .
as a string (if the game has been won} or returns an empty string if
support the development of this method, add two instance variableg
pieces of each colour that have been removed from the board. .

Add lines of code to the GetMove method so that when a piece is
board.

The main method of the program should be modified to runin aloo
from each player until one of the players has won, displaying the sta
At the end of the game, a message should be displayed to say whichiy

Program updated [ ]

t when a piece reaches the opp
he code for awarding King status for Red:;
size was increased or decreased. .

promoted
ot e

@ the Piece.cs class so that when a piece is kinged, its letter
this approach so that if the kinged piece re-enters the far row, it will
any way:

(" + Colour).Tolower()[8]

COPYRIGHT
PROTECTED

ig

29

Education

Program updated [_]
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EXERCISE 6 — TREE TRAVERSAL

SECTION A

&

Give a class name and line number from the m that contains a3

A

A Draw the tree that is created by the program. You only have to show

A The tree created by the program is a binary tree. '
Explain the difference between a binary tree and a multi-branch tree

A fation. Explain with reference to the No

C# Exercises for A Level

Page 1of2
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Al 6 The program uses just four data types. Name all four of them.

4t would attempt to display the value found at
ot work.

Explain how C# would handle the error that would occur in Task A7

Al 9| Write the tree values as they wol

A in a depth-first, posti

values as they would be returned in a depth-first, pre-

Write the tree values as they would be retumed in a depth-first, in-o

Write the tree values as they would be returned in a breadth-first tre¢

COPYRIGHT
PROTECTED

ig

2y

Education
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EXERCISE 6 — TREE TRAVERSAL

SECTION B

Modify Node . cs so that it contains a procedure
node, as per the example output below

t can print a ful
ode into Progra;

Program updated [_]

Modify Program.cs so that Gr

esents this binary tree s
end of any existing co .

Beta Gamma
2 3
Delta Epsilon Feta
) . i COPYRIGHT
PROTECTED

ig

i 55 09 ]
- Education |
Modify the program so that it creates a new tree called AssortedTy

called Gold and have the value 24, and there should be only a right n
whose value is 8. Add a line of code to display the full set of informat

Program updated [

C# Exercises for A Level Page 1of &




Modify Program.cs to add a recursive PostOrderTraversal pﬂ’f
input and performs a depth-first, post-order tree traversal from that:
separated by > symbols as it progresses. -

To achieve this, here is a suitable algorithm for the body of the proc:

If NOT Null:

e Traverse the Left subtree call that passes ii

e Traverse the a recursive call that passesiy
nod |

&Value followed by a > symbol without taking

BostOrderTraversal procedure using the Root valus from both

the program. Each value should be displayed in the order in which it
and this should be manually checked for correctness. -

Program updated [}

Modify the program to add a recursive PreOrderTraversal pro
input and performs a depth-first pre-order t saversal from that r
separated by > symbols as it progress

ified to test the procedure twice
edure using the Root value ’i‘rom both &

The Main procedure sk

Program updated [

Modify the program to add a recursive InOrderTraversal proced
input and performs a depth-first, in-order tree traversal from that rog COPYRIGHT

separated by > symbols as it progresses. PROTECTED

The Main procedure should be mOdIle‘d
InOrderTraversal proced g
program. Each value <h
this should be

e procedure twi
ot value from both of
layed in the order in which it is ¢
ked for correctness.

ig
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Program updated [ ]
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7 Modify the program to add a BreadthFirstTraversal procedu
and performs a breadth-first tree traversal from that root node, outps
symbols as it progresses. :

Here is an algorithrm for guidance: _
e Create two lists of Node objects: one for the current level and one ‘

e Handle empty trees to improve this meth
o Output a message :
o Return/Exit ;
e |nitialise the ! n

at this level with the root of the tree pass

: 11 no nodes has not yet been encountere...
Form a new empty list for the next level's nodes
o Visit all the nodes in the list
= Qutput the value found at each node
v f the node has a left/right node further down the
o Having visited all this level's nodes, set the next level’s list

>

The Main procedure should be modified to test the procedure twice |
BreadthPirstTraversal procedure using the Root value from
in the program. Each value should be displayed in the order in whicl
and this should be manually checked for correctness.

READTH FIRST TRAVERSAL: Greskirss 200
224352862 7F > 38> 14 » 15 1
B e .}i,g. =3 -

Program updated [ ]

ase of a binary tree is called a BINARY SEARCH TREE. It has.
e It is a binary tree. -

»  When any node is chosen, its left subtree contains only valu
e When any node is chosen, its right subtree contains only val

Maodify the Program class by adding a recursive CreateBinarySe
a sorted array of integers and create a binary search tree from it whi
object (its root node). For robustness, any null or zero-length arrays ¢
Here is an algorithm to guide the development process:

o Set up a method that returns a Node and takes in 3 parametes: COPYRIGHT

PROTECTED

boundary and a pointer to the upper boundary of the array. Tix

RRILRR:

sameters.

the recursive calls, hence the need for3

i Null immediately:
ter o

as 0 values in it v
19

e and store the index of the midpoint of the array 09

oundary is greater than the upper boundc,

Determine the value held at the midpoint of the array

Education

e Declare and initialise a new node using the value just found ai.

s Set the left pointer of this new node by recursively calling the
portion of the sorted array (by setting the parameters to descr
left of the mid-value) .

C# Exercises for A Level Page 3 of &




& Set the right pointer of this new node by recursively calling the;

portion of the sorted array (by setting the parameters to desc
right of the mid-value)
e Return the newly cregted node

To make it easier to use this recursive method, o
require the programmer to supply the lo

rload the method
per boundaries

Main method. This new metho er grate the relevant point

f either of the following two cas
a'null pointer

defined method that w

plied has O values in it

ain procedure should be modified to create the array Numbs
{1,2,3,4,5,6,7,8}.Construct a Tree ohject using this array an
traversals on this tree.

Program updated [_]

Modify the program to add a SearchiST function in the Program 5

search tree's root node and an integer value as parameters. The me
the relevant subtrees emanating from the root node until it can disc
not found in the tree. It should return a single Boolean result.

Note: This method cannot be used with unsorted trees such as Gre

Here is an algorithm to aid the development of this method:
If the node is a null pointer, return F

created from the list{1,2, 3,5, 6, 7, 81 to search for the values 6, 7,

displayed. An example is shown below as a guideline only.

S

C# Exercises for A Level Page 4 of &
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Here are the lines of code required to traverse an unordered tres usi
unsorted list of values found. Put the lines of code into the correct o
Program.cs as a new method.

InOrderListBuilder(SubtreeRoot.Getleft (), Currentlis

raturn Currentlist;

A
B |}
c
D

T T I S S S
PUDLIC STaNIC LisY

CurrentList)

InOrderlLis

I {

1 i Currentlist.Add{SubtresRoot.GetValue());

Now that a function exists that can convert an unsorted tree into a |
Sort () method for sorting lists in G#

The following method takes a list, sorts it and constructs a binary se
converting an unordered binary tree into a binary search tree. As be
into the correct order, adding the method to Program.cs so that i

A 2 t the iist

B | return NewBST;

C | /7 [17 Turn the tres into nearder trav
D |ListFormat.Sort();

E - ctBinarySearchTree(ListFor
F

InOrderListBuilder (RootOfUnsortedTree,

Tras ConvertToBST(Nods RootOfunsortedT

NewBST = new 1

s {NewTreeRoot);

intey ListFormat = new Lisy

parameters and add that node to that tree i
approach. It should return a Tree :

L., the program should perform all four traversals on the Asso
apparent that performing in-order traversal on a BST produces a so
Program updated [ ]

C# Exercises for A Level Page S of &
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EXERLTSE F — PIaksTRAS SHORTEST PATH

SECTION A

Al 1 On how many lines of Program.cs are other s’ constructors ¢

Give a line

al 3 The attributes in the Graph class are private.

be immediately clear to anyone who sees it.

Explain what is happening o e 30

Al S Explain what is happening on Graph. cs lines 16-419.

C# Exercises for A Level Page 1of3

.cs that uses all three of the Boolean of

Define what a public attribute is and explain why an attribute may be 1*

Al 4 The code contains very few comments, and the purpose of scme oft

COPYRIGHT
PROTECTED
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als The ‘closest node’ is the node that you can advance to directly in on
at if a node is at a ‘'dead end’ and no nodes emanata from it, there wi

Using the comments given and by looking in detall &t the lines of codef§
GetClosestNode in Graph.cs works. =

COPYRIGHT
PROTECTED
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Al 8
A1 9
AL10

The program defines a graph data structure, A tree is a specific type .

Explain what a graph data structure is and what the features of a tree.

Node function can be used as part of an implementa

C# Exercises for A Level Page 3 of 3
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EXERLTSE F — PIgksTRA S SHORTEST PATH

SECTION B

g graph creation

1 Modify the program by commenting out the e
: own here:

replacing it with code which will mod

Program updated [}

Modify the program so that when it is run, the graph above is visuaiiseéué

Program updated [}

Modify the program to cutput the cosest node that comes after eact
was used in the given code from Section A. This should expose a bud
end’ nodes, which have no nodes emanating from them. Diagnose th

To debug the problem, add a new private method 10 Program.cs
which receives two parameters (the graph and the node being investy:

_. COPYRIGHT
cases such as node F. PROTECTED

Finally, replace the code you have just added Hat it uses the out ;
instead to output the closest node to &2 .

Program updated [ ]

ig

29

Education

C# Exercises for A Level Page 1of6




Wher manually performing Dijkstra’s shortest path algorithm, a tabie%i
. the name of each node -
« whether that node has been visited {i.e. all edges emanating
»  thelength of the shortest known path from that node back
«  the node that sits prior to that node along the shortest path

Before advancing to making further modificat; the program, 1

Sohs shown previo
P £

Section A

Shortest Distance tc Start MNode @

. L
B ©
C oo
D] o0
E o3
F «
& oo
H I
i o

Shortest Distance te Start Node
A 0

Section A: Shortest path from Ato | =

Section B: Shortest path from Ao F =

Madify the program to model the table structure as a list of objects
class to perform Dikstra's algorithm:

1y Build a new class called TableRow which contains four atiri
columns.

2) Add accessor and mutator methods for all four attributes in &

3) Inthe Graph class, add a new privat itance method ¢
returns the current graph des; :
objects). It should be i ¢ by following the algorith

COPYRIGHT
PROTECTED

-iuspty list of nodes called TableNodes ! 9
iie a node variable called NodeMightBeAdded to temy;
edges
For all edges in the graph:
o If the node at the start of that edge is not already
o if the node al the gnd of thot edge is not already i

e Make a new empty list of TableRow objects

2y

Education
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e Forall nodes in TableNodes:
o LCreate g new TableRow object by passing the no
o Add it to the list of TableRow objects
o Jf the node is also the SourceNode for this graph,
this, use the fact that it will currently be the last
been added, and bear in mind that SourceMNode i
object)
e Return the list of TableRo

4) Addanewi
typ

to Graph.cs called Diikstr
2ow>. Amend the existing constructors a
ne of each method, after something has changed it
‘vnethod to update the instance variable DijkstraTable. Ay
AddEdge () too so that the table version of the digraph is @
edge is added. Finally, add a public accessor method to pro
DijkstraTable variable,

5y Add a public procedure called PrintTable to the Graph
conscle. it should work robustly whether Dijkstra’s algorith
underway or is fully compilete. This will involve watching ou
\00D8) and unusual values (eg. int . MaxValue) when outg
PrintTable using the following pseudocode, then add one
test that it works:

e Output suitable table column headings and un overarchi
e For each row of the table:
o Ifthe row node is null, cuisiin underscore; othes
o Output “True’//Fc:s ether the node has b
ance is int. MaxValue, output “ir

Program updated []

C# Exercises for A Level Page 3 of 6
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When iteratively processing the table rows during Dijkstra’s algorith
stopping condition is that when you look at all of the rows for unvis
target/destination node is the one with the minimum distance from ¢

Modify the Graph class to add a public function called TargetNodd
function returns a Boolean value to indicate whether the target node

Here is a pseudocode outline of how e implemented:

ger variable called Mirimumiis
g@nvisited nodes) in the table and set its vaive

n'integer variable called CurrentDistance for tempors

Declare an integer variable called NotedPositionNumber to r
where the TargetNode is found. Initialise this to -1 to help ide

FOR all table rows in DijkstraTable (tip: use a FOR loop):
o If it is an unvisited node:
s Overwrite CurrentDistance with that node’s ¢
source node -
= jfthe CurrentDistance < MinimumDistancel
MinimumDistancelnTable to hold the value

o f itis the target node:

v Record the position in the list that you are ¢
e IF NotedPositionNumber is still -1, output an error message
e ELSEIF the target node’s shortest distance to the source/start
MinimumDistancelnTable value, return "True”
e ELSE return “False” ‘

®

code to Program.cs and
e and target nodes are the same.

Test the new method by adc!;
in Program.cs

unvisited nodes. The row with the shortest distance value in column
node to inspect. Modify the Graph class se that it has a new methoo:
GetNextUnvisitedNode () which returns the node held at the taly
will be zero-basad) containing the unvisited node with the shortest
ignored.

Here is some test code and the expected cutcomes that can be used

COPYRIGHT
PROTECTED

Program. cs should have the following added to it:

ig
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Expected outcome:

]

bote ki fidn

05

-
]
e
3
-
P
¥

Program updated []

Modify the program by adding a method called GetAliEmanating
in @ nocte and consults the table and the diagram to identify any uny
(i.e. come after) that node in the diagram.

it should return a list of suitable nodes.

This task can be achieved by looking for existing similar code in the

immediately before the return staterent, insert a block of code to
that are in the list that is about to be returned:

COPYRIGHT
PROTECTED

Notice that the ‘"visited’ property of NodeB i
true for testing purposes. ‘

Program updated [ ]

ig

: &gram by adding a ConvertNodeToRowlumber func
ks the row index where it exists in the Dijkstratabie list.

29

Education

My
’2&”&‘!{)&\

e

Program updated [}
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Modify the program by adding a GetShortestPath function that
algorithm to construct and output a table describing the shortest pa
node of that digraph. (NB. The table will thus also describe the shorg
the same starting node, but the algorithm will terminate based on th

Here is the algorithm that shouid be implemented:

e Declare the following 5 variables:
o A list of Node objects

urrent which should be initialised by
extUnvisitedNode() method
A Boolean called TargetNodeNotVisited, initiaiised ta:.

WHILE the target node doesn’t hold the shortest distance AN

o TableRowindex = the row index of Current (using ar

o IF TableRowindex==-1, output an error string and rel

Populate StiliNotVisited by passing Current to an exi§

Initialise a list of Edge objects called RetevantEdges by

o FOREACH Edge in Diggrarm:

= [f Current == the StartiNode of that Edge: Ag

o END OF FOREACH LOOP .

o Declare inf FirstLegShortDistance and retrieve the d

TableRowindex points to in the table, storing it here

o Declare int LastlegDistance (to be initiolised later) -
Declare int RowInTableGettingUpdated

o FOREACH Edge in RelevantEdaes:;

e from the Edge
‘NewDistancefromSourcs
Node of that Edge to work out th;
InTableGettingUpdated (call an existing &
F the distance in the table is larger than the
e Update the distance in the tuble
e Update the “previous nade” colurrin

END OF FOREACH LOOP

Set the Visited? property of that row of the table to Try
o IF the Current node is gctually the TargetNode, set Tc
o Update Current to the closest node to Current (use arn:
o Print the table for testing purposes with scme blank l

e END OF WHILE LOOP -
s RETURN "This table represents the shortest path AN AANMAANG

Finali date th de t it th thod as foll CQPYRE@%?
inaiy, u ate e Prog'ram. Ccs Ccode 10 Ca e Metnoa as 1GHOWS:
i PROTECTED

ig
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Program updated [ ]
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EXERCISE € — BOMB SEARCH

SECTION A

A1 1 Which one of the three existing method stu

Al 4 Explain why the construc nly takes one pararmeter

variables that h

Name the type of exception that would be thrown in this case.

nigoard. cs is suit

Al 2 ‘number from the program where a constriy
AL 3 Explain the purpose of the code Bombs = R*C / 35 inthe constr

als There is an extra, redundant method in Tile.cs called Reveal ().
Explain why it is convenient to include this method. .
ale| @ gram could be crashed by passing negative numbers to the

C# Exercises for A Level Page 1of2
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A7
Al 8
Al 9
A0

The constructor of Board. cs could be made more robust by using
the unusual event that negative numbers are passed in as parameter

Explain how try-catch statements work and how one can be useful ing

The Arena variable is an instance variable of the Board class. ttis a

State the key difference between a list and an array.

ether or not it would be suitable to use a list instead of an

The Board class stores the number of rows and columns integers for

Write a line of code that could be used to find the number of caiumr%i

C# Exercises for A Level Page 2 of 2

COPYRIGHT
PROTECTED

ig
ag

Education



EXERCISE € — BOMB SEARCH

SECTION B

thod of Tile.
le.

1 Modify the program to implement the Expla
output a description of a particular ti

Program updated [ ]

o'include accessor and mutator methods for in

Modify the SetUpRoard () procedure to add tiles to the board. The
random positions on the board. Here is an algorithm to guide the img

e Build a list of Bomb tiles

s Build a list of Safe tiles

e Build an empty list of tiles to hold the newly shuffled list

e WHILF both lists contain elements:
o Choose at random which list to remove g tile from: Bomb &
o Add the first tile from the chosen list to the shuffled list
o Remove the first tile from the chosen list

o ENDWHILE
e Determine which list has still got elements in it and add the rem
shuffled list

e Place the tiles from the shuffled lis
e Amend each tile's adjace

‘now that it is in place é-“
many! .

im to guide the implementation of the method fo

O ake the row and column position indices in as parameters
‘o Declare a counter variable to keep a running total of bombs fou
s [F the row is not the top row, proceed to check the 3 squares abo
s [F the row is not the bottom row, proceed to check the 3 sguares
e [Fthe tile isn't in the first column, proceed to check the square in
# [F the tile isn't in the final column, proceed to check the square |
e  Return the total number of bombs found

Solving this part of the problem is faster if you understand ‘short ci
expressions, L.e. when you use a logical AND, the expression on the
evaluated if the expression on the left evaluates to False. Deploying
that you aren't about to attempt to access an array index that is ou

COPYRIGHT
PROTECTED

Program updated []

Modify the Disp

riscedure so that the board is visuaiiseci
“The visualisation should show the row and
nd there should be lines partitioning the rows and

ig

2y

Education

, st developed a method for setting up a board, it would be
Wsually see the positions of the bombs and the numeric vaiues of t
first sat up. Any bombs should be displayed as B. Any revealed numb
single-digit numeric value.

C# Exercises for A Level Page 1 of 4
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if you are not happy with how well-distributed the bombs are, the issug,
randornisation was used. Try to vary the randorn number selection proy,

Once this is proven to work, create a second copy of the method cally
that it displays as a '?" character any tile that has not yet been revealé
zero vaiue should be blank, not zero-vaiued. |

Add test code for both methods to Progr
SetUpBoard () first or there will be

emember that y
n each of the p

Program updated [ ]

Maodify the Board class to add a Reveal {} function that gets a mo
GetMove function) and reveals the chosen tile. The user's selection s
ensure that the tile has not yet been revealed, and if it has, the functiéi
message and return False. The function should output a "Game Ove
bomb has been revealed. Otherwise, it should simply return a Faolse

The main program procedure should be modified 1o continually call &
the result in a variable, and then display the game board. The result c COPYRIGHT
be used to decide whether to continue iterating. PROTECTED
Program updated [ ] -
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ogram to display a celebratory message followed )
every tile except those containing bombs. Add a

il

A

1o store the number of safe (non-bomb} tiles that have a

constructor and add suitable getter and setter methods.

cs

Modify Program. cs so that it checks the number of safe tiles foung

the game.

=
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e
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K
o
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x
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—
o
L

player has revealed
Program updated [ ]

Modify the Main pr

Beard

7
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EXERCTSE 9— FILE HANPLING ANP HAsH TABLZ

SECTION A

Al 1 Give a line number from the program that con

Give a line

A9

single digit provided by the user,

Al 4 The array could instead be implemented as a tuple.

Describe what a tuple is.

Al S Explain why you might choose to avoid tuples for representing prodis

C# Exercises for A Level Page 1of3

& program where an array of longs is dec!

Al 3 Eﬁgglain how the program ensures that the newly generated product ¢

Al s The program does not currently access the text file that stores multips

Name the class that is used to represent the text file as an object in a

COPYRIGHT
PROTECTED
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Al 7 A dist variable called Table is to be set up so that it can be used to
is to be populated with data held in the current text file.

Explain how data is stored in a hash table.

Al g The unigue product codes can be used as keys {inputs) for the hash f

a) Explain what a hash function is.

b) Even when keys for data. ,. “often the case that hash
d before. Name this phenomen

be limited, even though this may lead to:

C# Exercises for A Level Page 2 of 3
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A 1101 Therecords of each product will be organised as a hash table using
{(ProductCode * {ProductCode + ProductCode / 293)

9

\

.. and then the resulting table will be stored as a new text file called §

Compute the contents of this hiash table manually using the data r
PRODUCTFILE.txt.

Hash Table Location First Entry
Table[0]
Table[1}
Table[2]
Table[3]
Table[4]

Table[5]

#5 Table[8]
Table[9]
Table[10]
Table[11]
Table[12]
Table{13]
Table [14]

Table [15] COPYRIGHT
Table[16] PROTECTED
Table[17]
Table[18]

ig
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EXERCISE 9— FIIE HANPLING & HASH TABLES

SECTION B

1 Add a new text file to the project called HASH
Comment out all contents of Main ( :
open on the screen.

Program updated [ ]

ass method called GenerateHashValue which is a ‘
@is a parameter and returns its hash value.

f’?(l:;g ram updated [ ]

Add a line of code to the ShowFactFile () method so that the hast
displayed at the end of the fact file when it is output.

Program updated [

Add a private class function called ReadInOldText¥File () which
PRODUCTFILE txt. Each line of the file should be transformed into an
whole should be represented as a list of these arrays when it is retur
handling should be used as part of opening the file.

Program updated [ ]

i FileOfWholeTab
ask’s function ReadIn01dT
display it in full. Add code to the

5 Add a private class procedure called
arrays generated from t :
the ShowFactFEj

Add a function called InitiallyPopulateHashFile () which Tak
extracted from the old products file called PRODUCTSFILE txt and rety
The hash table is a list of 19 lists of arrays, and the decision as to whi
array gets added to is determined by its hash value. Use the identifiel
returned by the function. Add code to the Main () method to call {

result in a variable.

Program updated [}

COPYRIGHT
PROTECTED

Add a procedure called WiriteMigratedData () to write the curre
called HASHFILE.txt, separating the arrays from each othar with the "
same line. The file will have 19 lines for stor: one per list of ar
a list). Lines with no data should stay rst few lines can be
method (which currentl :

ig

2y

Education

Tip: While it is not essential, it is advisable to write a separate functio
ConvertArrayToString () toreformat an array of long integers in
separated list, :

C# Exercises for A Level Page 1of2




It is intended that this method will be used only once as part of data
and the new system, so once the file is successfully populatad you ca
which accesses the old text file. Moving forward, the features that this
solely around the ability to work with the new HASHFILE txt file,

Note: In the diagram below, the line numbers are 1 higher than the ha;
line numbering in Visual Studio and the hash vz!i:ciis not stored with
range from 0 to 79.

Program updated [ |

> ond copy of the WriteMigratedData () called Updat
s a parameter and overwrites the current text file with it. This s
flrst few lines from this copy of the method and inserting a parameter.i:

Program updated [

Create a ReadHashFile () function which reads the entire contents
into the hash table format used previously: a list of lists of long integ
construct this function if you also construct & function called Convert
can convert one product’s details from a string representation to an ary

COPYRIGHT
PROTECTED

Program updated [}
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EXERCLTSE 1) — REVERSE POITSH

SECTION A

A

S S

Line 9 references the bitwise * operator, which me other languac

Explain what it achieves in C#.

m the program that contains a class variable.

Write the RPN form of the following infix expression; 3 + 2)* (4 - 1)

m of the following RPN expression: 45+ 321/ - “'

A stack is a data structure that behaves like a Hst but with restrictions.

Describe the main features of a stack.

C# Exercises for A Level Page 1of2
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produce the RPN expression, and an in-order tree traversal will prod

Write the RPN expression produced by the following binary tree:

Draw the binary tree that is created by the

Al 7 Mathematical expressions can be represented as a binary tree, whereéE

infix expression:t

C# Exercises for A Level Page 2 of 2

AL1G Draw the binary tree that is created by the following RPN expression'%
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EXERCLTSE 1) — REVERSE POITSH

SECTION B

1 Modify the ConvertToPostfix functlon SO
parameter and returns a list of string

t accepts a list of

Program updated ]

ISPostfix function so that, at the very beginy
alised: Stack and OpStack.

Maodify the ConvertTePostfix function so that the major iterative
controlled by a FOREACH loop that iterates through all items in the
parameter. Use the identifier Ttem when setting up the loop.

Program updated L]

Modify the ConvertToPostfix function so that the first task car
is a check to see whether the value of Ttew is an integer, and if it s
Stack. While Stack is technically a list and not formally defined as
to behave like a stack and so items pushed to it should be appende
position.

Program updated ]

5 Modify the ConvertToPos*
begins W|th an in

tement which checks that the ¢
ariable LastOp should be set to store a ¢
item at the top of the stack of operators (but it sh

e g
Frogram updated ]

Modify the ConvertToPostfix function so that after the IF staten;
there is a new and separate !F ELSEIF-ELSE structure that implements
nested IF structure must also sit inside the same ELSE structure as the

iF any of these 3 criteria is true, enter the IF block: :
1. OpStack is empty

2. Item is an opening parenthesis COPYRIGHT

3. LastOp is either + or —, and at the same time, Item is either * ¢ PROTECTED
ELSE IF Item is a closing parenthesis:

Set the value of Operator to null

WHILE Operator is not an

Pop the va

\of OpStack and store it in the va
an opening parenthesis, push it to Stack::

19
not an opening parenthesis: Qg

Push LastOp to Stack EdUCQtEOﬁ
Overwrite the top value of OpStack with Item

FLSE
Push ftern on to OpStack

Program updated ]
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v Modify the ConvertToPostriz function so that after the FOREAC
iterates from right to left through the Opstack list and successively::
e pushes each item to Stack .
s  pops each item from CpStack (without storing or inspectin
Program updated L]
3 Modify the Main () procedure so that eiwvorking of the Coﬂ
valid strings. -

Program updated ]
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SUGGESTED S0LUTIONS & MARK SCHEME

oooooo

Exercise 1 - Searching Algorithms

SECHON A e eeteeeeeseeesssesassssessevessssao
5eCtion Buucer,

Exercise 2 - Sorting Alg
S5ection A
SECTION GUEEIER . ..ot eess e sesas sttt ettt

Exercise 3 — Towers Of HanOi .......coueicvinceinnccnsnncnnnnnessscessssonsossonsossossosnons

SBOHOM A sttt s

Section 8
Exercise 4 — Sorting QUBUES ..rrmmmmmmnmmmcnssssnsssssnsossassrssassrnsassnnons
Section A
Section B
Exercise B ~ Dratghils. e mommomomsmocsmocssoocssonoessonosssensssserssssersssserossssrossseros

SOCEIDN A oo eme et ceve e eae s sra st e s e s s ns st s s msensasesensseavas s ensasaseasassseosmssnsssnsenmasnsns
Section B

Ewercise 6 — Tree Traversal c.eueeeveneeeeeeennnnns

SBRCEION A e eeeessevevssssasssensen s s ees e S s ssesecsetesecsracaneerasesraone

Section B,

Boeeieeneennicnennscessnasssssensonsonsossons

Exercise 7 - Dijkst

.
Exercise 8 ~ Bomb 52arch.....cccccmoomomeomocroorscrocrosmocrocrsorossassossocsossossassassos

SOCEION A e er e eer e eeeen s cav s eee s e tomsesneasses st asssasmassnessaesnsesaeasmesanasseesnsssaeasassneasaesrnasseeamne

BBEEIOIT Bttt et s st ne et et aree
Exercise 9 ~ File Handling and Hash Tables...c.cccmminnnnncinnnonniinnnsnscnenns
Section A
Section B
Exercise 10 — Reverse POliSh.........eeeeeeeeeeiirennnneeneeeecescsssnsnsessossossorsosaasaass

SECEION A e s sssss s ssss s sssssren

SOCEION Bt eeeeeseseenne

NB. When studying the suggested answers for Section B tasks, it is important to rem
ways of achieving the same outcome, and credit should be given for alternative solt
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1 mark for giving a suitable example:
Line 7/8/9

8 A2
T mark for giving a suitable examp
Line 20

B A3 11;% -
1 mark for eXgu®ng that binary search is more efficient / faster than linear search;:

Binary search is usually more time-efficient (takes less time to run) than linear seas

o Ad
1 mark for explaining thaot binary search can be performed only on sorted lists:
Tha list might be unsorted - a binary search requiras the list to be sorted.

B AL
1 mark for explaining why it was used, not defining what it is:

It aided readability as it was obvious when it was used.
The same rogue value (-1) was used throughout the program.
Thare was no risk of accidentally overwriting it {i.e. no logic error was possible).

@ AG
1 mark for explaining the suitability:

Array indexing starts at 0, so -1 is an obuvic

8 A7

immediately after the IF block anyway. Using ELSE is thus optlonal

8 AB .
2 marks {1 mark for explaining that time complexity describes number of operation,é
mark for explaining how time complexity relates to varying input sizes): -

The time complexity of an algorithim is a description of the number of operation
complete in relation o the size of the input given to the algorithm,

8 AS -
2 marks (1 mark for stating the time complexity of linear search; 1 mark for binary b
Linear search has a time complexity of O(n). Binary search has a time complexity ¢

8@ A0
Up to 2 marks for explaining why rec

Recursion may not be suitabl
frarme which includes

recursive solutions less time-efficient than iterative solutions.

C# Exercises for A Level Page 2 of 78
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1 mark available for providing this correction:
= should be replaced with == on Line 3

@ B2
T mark available for modifying the code as shown

In linear search:

® B3

5 marks available for modifying the code a valent code):

ySearch function that takes an array, search
index (mid) when the element is found

ey VALUE_NOT_FOUND" if the element is not in the array
o recl®®ely calling recursiveBinarySearch if another stage of search
» modifying the main program procedure to display the result of recur

searchiyall

C# Exercises for A Level Page 3 of 78
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in the main program:

@ BS
4 marks available for
Marks coul ST

e handling (but not accepting) invalid input

#  using appropriate messages

e returning the resulting value as an integer

« modifving the main program procedure to use getVal o set the value

C# Exercises for A Level Page 4 of 78
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B B6

2 marks available for modifying the code as shown {or equivalent code):

Marks could be awarded for:

e creating a generateldst function that correctly generates and refurns
length

« modifying the main program procedure to use generatelist to creat

In the main progrem:

8 B7

Marks could be awarded for:
e correctly counting and returning th
»  correctly counting and retirzidcith viadimber of steps made by the oin
urns the average number of operation

{ztart <= =nd}

pbny P
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SECTION A
B A

T mark for giving a suitable example:
They are accepted in string format... [1]
... then the string is parsed to read its value in as ar.

B A2
1 mark:
Line 66
B A3

1 mark for a suitable definition:

Recursion is when a subroutine is defined in terms of itself or calls itself.
B A&

2 marks for any two of these points:

A\t is an escape sequence,

In this case if represents the Tab character.

it is used here so that lists get ocutput with their values all starting at & new tab st
in @ human-friendly format, horizontally across the screen without overlapping.

B AL

Any 2 marks drawn from any of the following points:

When its value eventually gets set to True...
... this represents the event where an entire p:
... and when this occurs, the sorting ¢z
... as the array is sorted.
This improves the ove:=
the array ck 7_;;;

B AS

2 marks for any two of these ideas:

fiade through the arra

e néy of the algorithm in cases where it would
iat are in order.

During bubble sort, the index of the value on the teft is indicated by the pointer.
The value to the right of the pointer is thus comparad with the value at the point
A pointer value of SIZE-1 would point at the last element in the array due to the
arrays.

If the pointer were permitted to point at the last element, it would attermpt to co .

immediately to its right.

This would be an ‘array out of bounds’ exception / a logic error / a run-time error..

B A7
3 marks (1 mark for explaining DIV, 1 mark for explaining
The DIV operation takes the odd length and :
mean that the new left array woul 7
The right array will have the r
length, so the middle i
have one e '

ix élements.
nts, calculated from the criginal arr
i always end up occurring as the first element ¢

8 AB
2 marks (1 mark for explaining that divide-and-conguer algorithms break a proble

{divide); 1 mark for explaining that these problems can then be further divided unti

(conguer)):

C# Exercises for A Level Page 7 of 78
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A divide-and-conguer algorithm is an algorithm that breaks down a problem into
that can be individually solved and then recombined to solve the original probienég

B AYS
2 marks (1 mark for giving the time complexity of a bubble sort; T mark for giving t

Bubble sort has a time complexity of O(n?). Merge sort has a time complexity of &

# AlD
2 marks (1 mark for describing how an Ses a sorted list and an unsort
each element in the unsorted licisslac

. 9 € sorted list until the unsorted list is empty and all the n
¥ new sorted list.

# B2
1 mark available for modifying the code as shown (or equivalent code):

Main method (1 mark):

C# Exercises for A Level Page 8 of 78
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W B3
T mark deducted per earmarked port missing or improperly used:

s

8 B4
4 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
e setting up a loop that ends only once enou
#  successfully adding valid values to the:

uts are given
e‘tight location
alid input is given

&

®
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Bink is given

e using try—except structure to detect invalid input and having an approp
ancther value to be added under these circumstances

¢ modifving the main program procedure to use the getList function ap

g
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[} listToPopalata)

L, Readiing

® B6
7 marks avaitable for modifying the code as shown {or equivalent code):

Marks could be awarded for;
» {1 reading in the user’s preferred mode of entry
e {1} identifying if they have chosen option #1
e [11 embedding previously written code successfully into the new selectior
e [1] making it clear to the user how to format their comma-separated list
¢ [1] separating the list into values
e [1] adding the values correctly to the list
& [1] returning the comma-separated list as an

& {numberatbiained < SIZE);

= dnt.Perse{vaweatenars
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w B9
4 marks available for modifying the code as described:

Marks could be awarded for the swaps variable being:
e correctly created as & local variable
» correctly
e correctly changed during iterations
« output within a meaningful statement

<

v oendPoin

int swaps = 82

oty b

et

C# Exercises for A Level Page 13 of 78
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3 rarks (1 n‘.__\.,uf identifying data structure as a stack; 1 mark for describing a sté
1 mark for describing what it means for a data structure to be FILO): “

This behaviour is represented by a stack data structure.
A stack is a First-In, Last-Out {FILC) data structure {can alsc say LIFO),
meaaning that only the most recently stored data can be accessed.

B As
1 mark per relevant point in the explanation (up to 3):

This is achieved through the use of multiple constructors, ;;
All three raquire a constructor to build a new objact, but by default any newly bus*\‘
integers, as well as a tower number.
it is onty Tower #1 that needs further information, so it is built using a diffarent ¢
This is possible in OOP thanks to method overloading.

B AS
1 mark for each part of the explanati

This would lead to a strin hich cannot be turned into digits...

8 A8 =
2 marks for quoting code and giving an explanation in prose; limit to T if no referené

Line 45 solves this:

1 1¥ (StartTower.CheckTower{}.Count 1= @)

..and the corresponding ELSE block on Line 84 absorbs the cases where there ar

Cansole Writeline("Im

B A7

3 marks for communicati ® (S needed to avoid an exception being:

~ led to it is smaller than the current top of the tower...
.. then procdgg#®ith the move.

This is requiréél to implement the key rule of the Towers of Hanoi. -
The first part of the OR is required because no index notation can be used to read)
tower is EMPTY, the OR expression ‘short circuits’ and the part on the right is neve:
TRUE,

Ci# Exercises for A Level Page 14 of 78
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B AR

4 marks {1 mark for explaining that the value of the top disc is returned; 1 mark for;;
rernoved from the tower, 7 mark for explaining that -1 refers to the right of the list,

mark for perfect accuracy of explanation, with no ambiguity):

ablis int Removeldse{}

vt TopUfThisTower

The code on @® 6 removes that disc from the tower...

... using the top of the stack as a pointer, generated from the size of the stack but
The index value of -1 is used to remove the rightmost elemant of the list, which isii

right-hand side being the top of the stack (or tower).

B A%
Up to 2 marks:

Encapsulation means grouping together related data and subroutines and control}

by which parts of the program by hiding the details of implementation. Encapsu

to be modified without affecting the entire program, as the implementation of mex

changing how the methods are used.

8 Al

Up to 3 marks for full explanation; limit to 2 if the w
[0} Arrays & lists use numeric indexes.

Lchving/same data types.

C# Exercises for A Level Page 15 0f 78
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#® Bl

1 mark available for modifying the code as shown (or equivalent code):

T

B B2

1 mark available for:

using try—catch OR alternative approach, 2.g. locking
e COpi;s#®n inputs given in upper case / lower case

® successful conversion from words to numbers

¢ robust defence against invalid inputs

e replicating the work for both inputs

b

endTower =

endTower = int Parss{chosenTaTh;

3
H

[

C# Exercises for A Level Page 16 of 78

COPYRIGHT
PROTECTED

ig

2y

Education




B B3
T mark available from each method {getter/accessor and setter/mutator):

Private visibility [0 marls in itselfl:

¥ Mewlumber}

s
bel
=
o
m
1
il
F{:‘
%
&
&
E
i‘[l
-

For example, in Game . cs it has been used [1 mark]:

ERE TR T SR T ETT

\
£
inef

R

o

B Bé
4 marks available for developing the method, +1 mark for calling it:

JWoanty poledd)

GameBoavrd{poie] CheckTo

et

PlayGame . Getiow
Pilayviame. S

Ci# Exercises for A Level Page 17 of 78
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B B
4 marks available for:

¢ checking if the garne has been won (all discs on Peg #3 OR both other pe
e returning a suitable value (MUST be Boolean)
# calling the method iteratively using NOT

e suitable messages in Program. cs

ig {i{PlayGame.Theckion{)}

Yrpd

#® 86
6 marks available for reading in the number of discs and validating it, then proceed;
§2] and outputs {2}
how many move;

Marks could be awarded EARLY in Program. cs for validati
Marks can be awarded LATER in Program.cs for

In Program. cs:

<= windmgmtoves)y

citeline{™

C# Exercises for A Level Page 18 of 78
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SECTION A
B A

T mark for saying three members:
3 members = 2 attributes + 1 method

B A2

1 mark for anywhere that uses par
Line 15/42/47/53

B A3 1{ :
R b
2 marks (1 n{g#®r explaining that a queue is FIFO (First-In, First-Out), T mark for &

{First-in, Lastfoﬂat)):
Tha first element placed into a queus is the first elemeant to be removed from the\
placed into a stack is the last element to be removed from the stack.

B A4

T mark for explaining the cause of the error:

Data values can join a gueue only at the tail of the queue. This method must be
item in the queue and enqueue subsequent data values there.

B AD

T mark for explaining that it outputs a useful/meaningful number of hyphens:

Earlier in the program a series of hyphens was used to denote a heading. -
The FOR loop is used to produce a sequence of hyp at the sequence fi;
heading text (which contained hyphens as well as g itself). .

8 AB
1 mark for explaining . s
A newly creg uccessor (node that comes after it) in the queue, %a:‘
obiect and i re takes the value Null. f’
B A7

3 marks (T mark for explaining that an array cannot change its size at run-time; 1
change its size while running to maich the number of elements needed; T mark fo
advantage over fixed-fength arrays):

A fixed-length array has to declare the number of memory locations it will use, and t .

A list has a dynamic size, so it doesn't take up more memory than it neads. This
be more efficient than if they used arrays instead.
Array immutability is thus a barrier here.

B AB

1 mark for explaining how pointers need to be updated:

The current node at the tail of the queue needs to.:
The new node must have been instantiate

The tail node’s pointer needs t wly added node.

A circular queue is a quaus of a fixed length that uses start and end pointers to
last elements, If there is no space at the back of a circular gueue, but there is stil

C# Exercises for A Level Page 19 of 78
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B A0

2 marks {1 mark for identifving that the queue is o dynamic queue (no fixed length) .

detect whether it is circular or dynamic).

The gueue in the program is dynamic {not circular) because it has no end pointer

SECTIONR
B Bl

7 mark available for modifying the v _ or equivalent code):

Gueustead = Addediode;

CurrentTail. SetPointer{Sddediode);

Lan o+ IdentifyQuensTail(}. Getvaluell + ¥ hie

B B2

1 mark available for modifying the code as shown {(or equivalent code):

bo wodd Seguewe{)

" has

T+ Quevelescoriptor +00 gue

C# Exercises for A Level Page 20 of 78
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B B3

5 marks available for modifying the code as shown (or equivalent code):

y

retuen GuantityUftodesy

kg

Marks can be awarded for:

# handling null pointers

e setting the head of the queue to be the ta
e advancing the tail pointer while t%
length of 1)
keepi

B B4

6 marks avaitable for modifying the code as shown (or equivolent code):
Marks could be awarded for:

@

Heais with lists of len
nodes in the list {which v

W many nodes were found
dccurately

adding a previousNode atiribute to the Node class
setting the previcusiode attribute according 1o a parameter passed info |
modifying the addvalue procedure to correctly set the previousNode at

cs: [0 marks] for this:

C# Exercises for A Level Page 27 of 78

COPYRIGHT
PROTECTED

ig

2y

Education




{1 mark] for this:

pdatedPrevions

}

QueusTaill

Suitable output from Queue.PrintQ riark] for this:

IrefdodsIndsy + TAn
renthads = Curvestlode.Getfointery);

+ Currentiicds. Gatis

Tusl} 4+

-

B B5
6 marks available for modifying the code as shown (or equivalent code):

[2 marks] for successtully producing the GetNodedt {n} function:

C# Exercises for A Level Page 22 of 78
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7
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mplex

rward.

Eae

Bringf

Page 23 of 78

ises for A Level

XErcises

CHE



% B6
S marks available for modifying the code as shown (or equivalent code):

{3 marks] for setting up Swap () to take in 3 parameter and proceed as Bump ()

vigus{}. zetPointer{ BringForward. GetFointer{}};

[1 for iterating correctly (INNER loop)
s {1} for swapping effectively
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1 mark for:
Line 13 of Board.cs

B AZ

T mark for 1 example in each line .
“ts Line 7/8

3, Piece.cs Line 14/15
“.._Zne 21, Piece.cs Line 22/27

Declared: Board. csl

Read: Boar,

B/ A3

1 mark for giving a valid reason to use private methods, for example: -
A method may be made public so that it can be accessed from other parts of the
which the attribute is declared). -
Setting PlacePieces to private is done as it is needed only from within this class
.. 50 to protect programimers from accidentally misusing the method in the wro

B AL
T mark for each point:

it needs one so that its colour can be determined at the point of need [1], ... but it
because all pieces will be initialised without being kinged [1] and the king=false se

B A5
1 mark per point; must include first point:

Option 2 is correct [1 — essenti

Tha board isa2D arr Jects many of them null pointers [1]

B A8

I mark per point:

s The main method constructs a new Board object; only one for one game
e  TheDisplay () method of this one board is called from within the mai
¢ Heading rows get output. [NB As an extension task, this feature could ma
BoardSize variable in Section B to make it always output the correct headi
e The varicus rows of the board are iterated through using the Getlengt
rows there are..
e .. and within each row the columns are iteratively visited by using the G
hlgher parameter to work out the number of columns ,
e Each square gets output as a visualisation inc
for white squares. Black squares have ro
determined by calling the ac
s The board ends wi

acters. All rows end
dhamed GetColoux {} of th

It is bad practice to hard-code in a value that is used throughout the prograrm, a
at a later point, every instance of the value in the program needs to be changed.
constant) that contains this value should be used so that if the value needs to be
in only one place in the program. The name of the constant being visible throug
readability/maintainabiiity.

C# Exercises for A Level Page 25 of 78
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B AR

2 marks (1 mark for stating what it does; 1 mark for explaining how it works), for e

e MOD checks that a square is black.
= |t does this before setting a piece on the board. If a square is white, it drog
e It works by adding the row and column numbers. All white squares have

using the result of Sum MOD 2. If it yields a 0, the square is white.

8 AS

2 marks (1 mark for explaining thﬁt 1
relating it to draughts); for exa

Fmark for explaining why inh

akes on the functionality of a different class. it is u
iple classes share the same data or methods. Here, it ¢
specialised v_‘\..-f’of a playing piece with some unique attributes and methods
existing Piece class.

g A0

3 marks (1 mark for explaining what a function is, T mark for exploining what o p
what a method is):

A function is a subroutine that returns a value, whereas a procedure is a subrouti
method is a subroutine that is part of a certain class {a method can be either a fur}

# AN

2 marks {1 mark for explaining that a class is a templote used to define objects; T+
an existing instance of a class):

A class is a template of what attribute and methods are neerla
that class that has its own concrete attributes. Here, ‘

boards are all objects but their key chara

for objects of that,
i created could h
ned in their class from

SECTIONE
4
#® Bl i%sj;@

1 mark availdSre 'ﬁ;r modifying the code as shown (or equivalent code}:

Y
¥ {{{row + col} & 2} == 8} /7 §1

i

U s

ioe I8 inesushtebagrdTeme ot = mpdl

8 B2

1 mark avaifable for modifying the code as shown (or equivalent code):

COPYRIGHT
PROTECTED

¢, ] DraughtsBosrd;
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® B3
2 marks available for modifying the code as shown (or equivalent code):

T mark per meaningful line:

# B4

»  [1] returning the piece at the position given by the input list, applving su

e {1} checking for nulls and white squares in the DisplayPiecedt meth

&

In Board. cs:

[1} displaying the contents of ali squares with pieces on them appropriais

fori
"
1
o
)
G
=
Fa
i
ft
L

< b orow F FLF

In Program. cs:

Ci# Exercises for A Level Page 27 of 78
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B B
2 marks for the TurnNumber work:

- Turniismberg

s et Terniawber{

s Tornhiesbesr g

10 marks for validating the maove attempted:

Marks could be awarded for;
e creating a validMove function that returns Trise if a given move by a giver
s returning False if there is no piece at the start position o move
e returning False if the end position is not on the board

= returning False if the player tries to move a token non-diagonally or more

» returning False if the end position is not empty

e returning False if the player tries to move a token two snaces without takin
=  returning False if a player tries to move a non-kinauise s backwards

e handling non-integer input

«  checking for the existence of a ni
» overall readability/co

e BEFORE proceading to ask
‘ode to make this complex algorithm r

FPrieceToletoved == nuli}
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COPYRIGHT
PROTECTED

ig

2y

Education




GHT
Qg
Education

COPYRI
PROTECTED

Page 29 of 78

s

R

&

I
P

42

for A Level

XErcises

CHE




GHT

COPYRI

PROTECTED

o)
O

Education

P

23

i
i

|

£

Page 30 of 78

ises for A Level

XErcises

CHE



o)
O

Education

COPYRIGHT
PROTECTED

w5
o0Q
=
[
&)
& Lo
F ™
b 8]
wit o
o
.+ o
3
3
[
K
s
& e m
e 13
L
4 i
. 4 i}
- (e ¥ h
L [
) ¥
oy £
prry Gt et 1)) P
4 .
151 L1
bd o
- b e
a5
T
>
(<]
—
<€
o
o
ey
[0
[+
B4
1
od
]
>
[EN]
#
L




® B6
5 marks available for modifying the code as shown {(or equivalent code):

Marks could be awarded for:
e handling null pointers at vacant squares
# returning True when Biack is found on a black square on Black's turn
e returning True when Red is found on a black square on Red's ur
¢ returning False in other cases
& suitable console output

Traughtsbaard o Tl Flolaur(} == 87

{Turoluszer ¥

i s

¥
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® BY
& marks available for modifying the code as shown {(or equivalent code):

Marks could be awarded for:
e creating a GetMove function that returns start and end positions as a pa

by player input is valid
@ getting a start position and an end position from the user
» checking whether or not the move is valid
asking the user for new input if the mov

Starthow

B o E L
TRow x & it

* + {BoardSize - 1]

£
R
£
i

t
3

{BoardSize - 1} + 8
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In Program. cs: Test code:

B8 B

6 marks gvailable for modifying the code as shown (or equivalent code):

Marks could be awarded for:

» creating a CheckWon function that returns either the playing piece colou

empty string if no player has won
# calling CheckWon after each move
e creating a game loop that exits ¢
alternating turns betwe

boin

pem

Py

[aiial

In Program.cs:

%
B

. Theckivani ¥

iz 7 o+ Kimnerds
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Removing a piace {in Board.cs)

# BY
4 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:

e correctly placing this after the move has taken place

» checking the turn and the end row criteria simultansously
treating Red differenily in case of a different-sized board
caliing the amended SetKing () method

®

L]

Oraughtshoard{ SndBow, Endiloll.Setiing(i:

Draughtsiaard

{Boardhizs -

T
H
L

Frrged
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FCTION &
B Al
T mark each:

Call to a constructor: Line
Private attribute declaration: Line
Use of a null pointer: Line

B A2
T mark for:

Line

B A3

B Ak

& marks (1 mark for explaining tha
that nodes in a multi-br

es can have a maximum of fwo
“ave any number of child nodes):

B AB

I mark for explaining encapsulation and T mark for relating it to Node:

The nNode class contains private attributes with public accessor/mutator methods.
in that they cannot be directly referenced for read/write access, instead forcing th
methods.

B AB

1 mark for each:
Tree, Node, int/integer, String/string.

8 A7

1 mark for:
GrezkTree.GetRoot().GetRight().G

R SR S DRI U P NNt SUUUOY SUUUPSUR S S SO0
WIS WP LTRLING T FArTRES SRR UhRe
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w AS
T mark for giving the correct depth-first {post-order) tree traversal:

4,231

# A0
1 mark for giving the correct depth-first (pre-order) tree traversal;
1,243

# AN
1 mark for giving the correc
4,213

-order) tree traversal:

mALZ G
i mark for giving the correct depth-first (post-order) tree traversal:
12,3, 4

3 marks for the method; T mark for the test code:

In Node . ca:

In Program. cs:
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B B2
T mark for instantioting the new nodes; 3 marks for assembling the tree:

In Program.cs:

5

Morm

# B3

1 mark for instantiating a new Tree, T mark for instantioting both Gold and Shoe, 1
Shoe into the new Tree correctly, T mark for correct output:

Marks are aws®
» creating a PostOrderTraversal procedure that takes a Node object as
e implementing the IF structure correctly to handie null values feaf nodes)
= performing a recursive call by passing the left/right node
e displaying all values in the tree in the correct order for depth-first, post
= appropriately modifying the main program procedure

ik

ik
(]

m
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® BS
5 marks available for modifying the code as shown {(or equivalent code):

Marks are awarded for:
e creating @ Pre0rderTraversal procedure that takes a Node object as |
e implementing the IF structure correctly to handle null values {laaf nodes)
« performing a recursive call by passing the left/right node

displaying all values in the tree in the correct ¢ - depth-first, pre-otr

PralerderTray

a3 ™
Fralrdsary

# B6

displaying all values in the tree in the correct order for depth-first, post-¢
s appropriately modifying the main program procedure
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8 By
7 marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for the bullets shown:

@

[1] Create 2 lists of Node objects: one for the current fevel and one for th

3

[1] Handle empty trees to improve this method's robustness

o Output a message
o Return/Exit

[1] Initialise the list of nodes a
[1] While a level with

&

he root of the iree passe

3

I'the nodes in the list

=  Qutput the value found at each node
* If the node has a left/right node further down the tree, ac

HedesarThistevelfpointer GetRight
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® B8
14 marks available for modifying the code as shown {or equivalent code):
s [1] taking in three parameters: int{}, int, int

e {1] handling null, length=0 and Lo>Hi

#  [1] calculating middle index

e [1] deriving mid-value

« [1] initialising a new node with the mid-value
»  [1] setting the left subtree’s node
e [1] setting the right subtree’s
& [1] return statement
e [1] overloadin
o [2 tir

e [1] % calls the method
e [1} Main performs all four traversals

Hewliode

Tree! Sortsdirray
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® BIO
3 marks per correctly sorted program:

¢ BootOfifnsort

@ B
& marks for the AddNode method developed from the breadth-first traversal meth

Marks are awarded for:
»  [1] adding to the root when the Tree is a null pointer
e [1] using return and the Tree data type
« [1] retaining the WHILE loop
s [1] retaining the FOR loop
¢ [2] adding the two ELSE blocks which i o statements

5 muarks for the correct code in the:s

1] W
e [1] deriving the BST values from AssortedTree
« [1] cutputting all four traversals

e [1] comrectness — the in-order traversal should be SORTED
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A A2

T mark for:
Line 100

8 A3

2 marks (T NG
A public attribute is 2 (class or instance) variable that can be accessed from cutsi
made private to prevent it from being accidentally changed by other parts of the
Alternative reason: it enables encapsulation of the entire class, meaning that yo

not worry about the details of how the class has been implemented (as an extern

B A4
1 mark for each appropricte comment given:

Program.cs Line 30;

A new edge [1] is built

... to connect node G to node H 1]

.. one-way only [1]

... and it is assigned a weight of 10 [1].

@ A5
1 mark for each appropriate comment

Graph.cs Lines 16-19: %
A new graph icgaada a constructor)
1 ssed in [1]

. SO anly ar{gggmey Ilst of edges is created [1].

@ AD
10 marks (1 mark per useful point):

1. The method takes in one node and returns its closest node. [1]
if the node passed in as a parameter is null, return Null immediately. 1]
If the node sits on its own and there are no edges in the digraph, then re
Next, the program iterates through all of the edges in the digraph and b
are connected directly to the node being investigated (NodeToCheck). |
called EmanatingEdges and checks two possibiities:
a. that the start node along that edge is the one being investigated
b. that the end node along that edge is the ong.seing investigated
one-way edge, in which case it would 5¢ nt to include it |
In the event that none of the ed e sgtary list (EmanatingEdg
investigated, a Null is ret e exists as a meaningful answer
6. Otherwise, the iy output the temporary list of all of the
7. ltwill tegn i h the list of edges and contlnuously overwrite t

Ia]

»ow

(5]

than"thlé [N
8. To determine the node to be returned from this function, it checlks if the

{NodeToCheck) is at the beginning of the edge, in which case it returns ti

Otherwise, it returns whichever node is at the baginning of the
edge. [1]

a suitable definition; 1 mark for giving a valid reasor to use pr .
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B A7

T mark for each of the following:

1. Rectangular shape with three parts for: class narne, attributes, methods |
2. Class name = Edge 1]

Attributes = StartNode, EndNode, Distance, OneWay [1]. Data types sho
Methods = 4x Get, 4x Set, Visualise [1]

L9

»

ut all atiributes

Constructors can be omitted. Visibility settings can :
A ts can be omitted.

public, indicated by —and + respectively b

Edge
- StartNode: Node
- EndNode: Node
- Distance: int

- OneWay: bool

+ GetStartNode()
+ GetEndNode()

+ GetDistance(

+ GetOneWay()

+ SetStartNode()
+ SetEndiNode()

+ SetDistanca()

+ SetOneWay()

+ Visualise()

B A8

2 marks (1 mark for explaining what a graph i

laining the features

des and a set of edges that con

Dijkstra's shortest path algorithm is used to find the shortest path between two ne

B\ A0

4 marks (1 mark for describing how all edges from the start node gre checked; 7 ma
to visit is selected, T mark for describing how nodes are not revisited, T mark for des
once the end node is visited):

Dijkstra's algorithm starts at the given start node. All edges connected to this no
visits the closest connected node. The edges connected to the new node are che
note of the path that was taken to reach this node and visits whichever node is ¢l
and hasn't already been visited. This process repeats until the given end node is
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1 mark available for each part of the modification {or equivalent code):

creating six node objects [1]

L3

creating seven edge objects [1]
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T mark available for modifying Program.cs as shown without rewriting any code bl
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® B3
5 marks gvailable for modifying the code as shown {or equivalent code):

Marks should be awarded for:
e calling the GetClosestNode method
¢ handling the case where GetClosestNode returns a null vaiue
# handling the case where a node is returned
correctly calling the new method from Main ()
correct use of private, static and pararge

8]

£
in

T
™ g

™

Pt paot fot s
1 [+
i1

i
w

# B4
3 marks per correctly completed table; Section A may proceed to visit row H {aibeit §

T mark per correct path stated at the end

Section A
Node Visited? Shortest Distance to Start Node
Y ¢ COPYRIGHT
B )
PROTECTED
C co > 10
D co > 4
£
- ,
|
c g
H Qg |
| 0 > 24 > 20 MINIMUM VALUE FOUND Education |
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Section B

Node Visited? Shortest Distance to Start Node B
A v 0
B \ 0 > 4
£ \ 0 > 2
D v ©=>14>9
E \ o > 5
F MUM VALUE FOUND D
o Se path from Ato | = A, B, F, | [1]
s Se( $ Shortest path fromAtoF=A, C ED,F [1]

Program modifications:
Steps (1) and {2)
1 mark for a correct list of attributes

1 mark for a complete set of accessors and mutators

TableRow.cCs

Wy
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codosy

raph.acs
Step (3)

4 marks for successfully implementing all parts of the olgorithm in C#

1 marik lost per area of difficulty encountered, i.e. not achieved

G

etion,

Education
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PROTECTED
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Step (4)

g all parts of the algorithm in C#

i1

ccessfully implement

& marks for su

T mark lost per grea of difficulty encountered, i.e. not achieved

TR

=
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Step (53
& marks for successfully implementing all parts of the algorithm in C#

T mark lost per area of difficulty encountered, i.e. not achieved

rintTeblal}

ne main bullet points in the question being fully imp!

=« awarded as bonuses for coming up with original extensions/improvemer
s awarded for excelient code style even if some areas required assistance
e deducted for very poor coding style
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B B6

3 marks available for a complete, working implernentation of the requirements, 2v
example shown

Marks are awarded for:
#  a correct method signature and return statement
e the correct deployment of IF and FOR
« accurate use of list indexing and method calls

MotedIndex = i3

-

Hiniwmwelizt = Difk

{otedinden, GetRmadinde{};

)

(-

B B7
5 marks available for implementing the code as shown (or equivalent code):
Marks could be awarded for:

e [2] finding the relevant nodes which emanate from th

= [2] isolating only those that have not yet
e [1] implementing the quick check ar:

ven node in the

uccessful outcome
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including consideration of possible errors

difying the code as shown (or equivalent code}:

appropriately checking for the squality of two objects
ement,

aied
o :
. %
40 ed
o v = R
e 2 i
& o ®
oy o T
, [ S— o e
& [o = S .
: - =
. m w @ m sty
= 5 2 ;
= O @
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® B9
9 marks available for modifying the code as shown {(or equivalent code):

This task represents the ‘coming together’ of several earlier sections and will be i
managed to complete earlier sections or who have not been furnished with worki
completion of this task.

Marks could be awarded for:
&  [1] implementing variables as described
e [1] establishing the WHILE loon .
[1] using TableRowIr;

“5¥(NB Line 377 is for testing only)
itatingNodes correctly

Fotiisited;

Current =

I TergstiodeR

,c?;

TargetiodetntVisited

wher {Torrent);

ST LE

RowIndex
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SECTION A
B A

T mark for:
GetMeve ()

B A2
1 mark for:
Class name: Program

PR

Line number 4

m Ag o
3 marks forr

The number of bombs that will be present/placed on the board... 1]
... will be one fifth of the total number of tiles.. [1]
... but this is a DIV operation, so it will truncate any decimals {1] (it won't be exac

B Ad
3 marks for:

All new tiles are, by defauit, set to be hidden {not revealed) [1]

... and the number of adjacent bombs cannot vet be known, so it defaults to 0 [1]

... but whether it is a bomb or not can be passed in as a parameter [1].

B AB

| overflow exception, or more precisely:
RException
W AT

2 marks (T mark for explaining how frv—catch statements work, and T mark for expl
be useful in this cose):

[1} How it works: Try—catch statements are used to handle errors by attempting ’fo

running the code in the catch block instead if an error is thrown within the try blog

[11 In this case: If a System.OverflowException arises because negative numbers
program can exit cleanly or request input from the user to prevent it from crashi

B AR
2 marks for:

A list can contain any number of elements, [1]

... whereas an array has a fixed size (it is immuitib
Also: The size of an array is stored as :
its size at run-time.

HWAY o .
Any 2 markd 1{. fhe following:

While it would still work, [1]

... the grid structure of the game board is suited to an immutable array [1]
... as it will never nead to grow/shrink during the game [}

... and arrays offer ali of the structurat features required [11.

30

biit when working with fists a i

Lists could perhaps be useful if adding advanced features later such as hidden zon
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®\ A0
T mark for writing the correct code:
Arena.Getlength(l};

Z

e [1] 120«5 clarity of output, e.g. meaningful sentences, not raw num
s [1] *ﬁ"‘:& ®able test code being added to Program.cs

8 B2
8 marks availoble for modifying the code as shown (or equivolent code):

# [1] per correctly functioning accessor method with suitable return type a .

e [1} per correctly functioning mutator method with void return type and o

B B3
16 marks available for modifying the code as shown {or equivalent code):

Marks are awarded for:

e [1] using the variable Bombs to make a list of Bomb tlles of the correct e

# [1] using Rows*Cols-Bombs to make a list of Saf
» [1] creating an empty shuffled list
e [1] establishing a WHILE loop wi
# [1] implementing random A
[1] addlng the

J0Ined using AND
s achieving shuffling)
shuffled list each time

ile from the correct list each time

¥ the tiles into the 2D array Arena

s [7] for bmldmg and applying a method for updating the adjacent bomb v

the algorithm {described in the task) being achievad

Ci# Exercises for A Level Page 60 of 78

"any Ieftover elements from the correct list after one list is &

COPYRIGHT
PROTECTED

ig

2y

Education




B B4

& marks gvailable for modifying the code as shown {or equivalent code):

Marks could be awarded for:

®

@

[

[1] displaying B for a2 bomb
[1] displaying a single digit for how many bombs surround z tile
[1] for partitioning the rows

e [1] for partitioning the columns
» [1] for displaying row numbers
e [1] for displaying column num
[2] for the DisplayG

od showing ? symbols and spaces
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- Srensi row,

® BE

& rnarks availoble for progromming the GetMove() function as shown helow (or equ
Marks could be awarded for:
e [1] per DO-WHILE (or alternative) to disallow progress until a valid value §
e [1] per use of TRY-CATCH to intercept invalid data types, max of {2} ma
e [1] for clear outputs to prompt the user throughout
» [1] for returning an array of two values

pode g
s

st
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# B6

8 marks available for modifying the code a5 shown {or equivalent code):

Marks could be awarded for;
e [1] calling GetMove () -
s [1] displaying an appropriate message if the user selects a tile that has algy
returning False in this case -
# [1] revealing a tile chosen by the user if and only if it

e [1] returning False if a safe tile
#  [3] modifying the main |
to reveal tiles :

LEetfevesled!
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From Program.cs:

& B7
6 marks av SN fying the code as shown (or equivalent code):
Marks could #®8warded for:

e [1] adding a new counter variable as an instance attribute to Board. cs
» 1] adding a getter and setter method for the new attribute

e {1} adding an assignment statement to the constructor o initialise it to 0
» [1] incrementing the counter variable as part of the Reveal () method
e [2] amending the Main () method to use the new variable appropriately

NOTE: The program must NOT output succass and failure messages simultanecus

make selections once all the safe tiles have been found,

,

I IR

AN
b

s

(S I
o LA
RN by

X
%]
]
o
1

[Pl
I
Ay Varad
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B/ A3
2 marks (1 mark for any appropriate point made); for example:

In the GenerateNewProductCode method, the result of multiplying the barco
by 10,000 using MOD, so the highest value it could be is 2,999, which means that
result [1].

The category number is a single digit, and when it is multiplied by 10,000 it will pry

in 0000 [1].

When these two numbers are added, the original category number thus becomes

digit. [1]
B A4

2 marks (1 mark for each distinct relevant point):

A tuple is an immutable data structure where the values can *
cannot be modified.

f various data ty

B A5
1 mark for explaining why.2 ‘710t be used, for example:

The Quant; 1f 3
across, whiciglelg) icient in terms of time and space.

The data typeSiare all the same (long), so there is no need for the flexibility of othg

B AB
1 mark for:
File

B A7

2 marks (T mark for explaining that a hash function is used to place the data; 7 ma
entries is created when multiple data entries are placed in the same location):

V6 to change, which would mean constarnitly creating r

S

A hash function is used on the data to be stored to produce a number that corresp
where the data will be stored. If there is already data at that ngsition in the table (.
data is appended to a list of data entries in that positin:i

B A8

a) 2 marks (1 mark for
explaini-i:

A hash function is a function that produces a value within a certain lirmited ra
given. The original input cannot be calculated from the output value. The has
positions in hash files.
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D) 2 marks (1 mark for explaining that a hash function generates collisions as the a
possible combinations to reduce storage space / table size; T mark for explaining
would be very inefficient as all of the unused locations would still need to be ava
lot of memory/room):

This phenomenon is called a collision. [1]

A hash function is a function that produces a value;
range of values typically similar to the n
number of combinations for th
will be sparsely populate '

nds on thea key

: ms that need to be
he algorithm generates too wi
e inefficient as that would require

2 marks for S&S@®ing each term; 2 marks for comparative/contrasting remarks:

Serial files are appended with new data, so it is effectively organised into chroemléﬁ'«fi
Sequential files have their data inserted at a position determined by the relative p
some part of the data record can be compared with the other data records to dety

seguence,

Serial files require tess complex insertion operations but can take a long time to
N}y are not possible, but linear searches {Q{N)) are.

Sequential files require more complex insert/delete operations, but they can be ug

performances.

@ A0

8 marks (-1 mark for each data entry not placed correct!\/):

R

Hash Table Lo First Entry

56551,395032849,1299,5,3

" Table[2]

Table[3]

Table[4] 84057,373042803,2292,4,3

Table[5]

Tablel[s]

Tablel7] 58306,449598094,599,9,3

Table[8]

Table[9] 51565,534359435,1499,2,1

Table[10]

Table[11]

Table[12]

Table[12

77325,129819233,525,2,0

i’é.bler[15]

Table[16] 79250,976895865,4450,7,2
Table{17]
Table[18]
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1 mark available for commenting out code (using // or /*  */) and T mark for crea
precise name glven:

N a ) .
4 App.config
5

B B2
2 marks available for modifying the code as shown (or equivalent code):

Marks awarded for
»  correct method signature
e correct implementation of the hashing algorithm

B B3
2 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
e correctly inserting it in the same style as other lines
»  calling the existing GenerateHashValue function

B B4

code):

Award mark for:

e using TRY-CATCH to interc

@

&

@

® =

e parsinig the individual number strings to turn them into longs

e adding the newly read array to a list of arrays
= returning a list of arrays of long integers
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(or equivalent code):
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sing each array

method, pas

=

te

ture

signa

owlFactl

St

rect method
erating through the whole list

calling the
for A Level

o3
[+
@
- e}
o
]
>

co
it
0):

L
@
L3

v

Jain

N

Marks could be awarded for

in
C#E

3 marks available for modifying the code as shown



® B6
6 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
e declaring and creating a HashTable variable with the correct data type
»  pre-populating the HashTable with 19 empty lists
e calling the existing ReadIn0O1dTextFile () method to gather data fron
» finding the hash value for that row
e inserting the row into the correct list i
« returning the whole HashTable;

InMain():

@ BY
14 marks available for modifying the code as shown {or equivalent code):

Marks could be awarded:
« for calling TnitiallyPopulateHashFile to build @ HashTable
e for creating an empty array of 19 strings to push out to the file
« for iterating through all rows of the hash table
» for iterating through all elements in the list on each row
o [4] for successfully converting arrays to strings
# for delimiting the different products using the '>" character...
e for ... except at the end of a row
¢ for adding the line to be written to the array of,
» for opening the file to write all the daf,
for using TRY-CATCH to int

(that will be pushe

Giing exceptions
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| B8
3 marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for:
e [1] passing HashT in as a parameter
# [1] no longer declaring HashT inside the method
e [1] removing the call to other method (TnitiallyPopulateHashii}l

TableRowde

@ B9
& marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for:
» [1] for initialising a blank hash table structure as a list of lists of long int
e [1] for accessing the file and pulling in all data (e.g. using Readal1Lin
[1] for applying TRY-CATCH to the file read operatiq

COPYRIGHT
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L3

array of longs (within or as a separate me
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T mark for:
it performs EXCLUSIVE OR on the bits of both operands.

B A2

1 mark for:
Line 9

#® A% g !
2 marks (1 129%

L

mark for explatning that the function returns False if it fails to convert the value):
The 1sTot function tries o convert the value into an integer. If the value can be

integer and the function returns True. Otherwise, if the value cannot be converted;

CATCH block executes and the function returns False.

B/ Ak
2 marks for giving the correct expression (1 mark If the given expression is only par#
32+41-%4/ 5
@ AL

igniore redundant brackets:
d+5y*3-2/1)

B/ AS
T mark for each point up to a maxi
{1} itisa FILO (Flrst In Lash:

{Last-In, First- Out) data structure.

M
il
[1] Other iter ™ he stack are |nacceSS|bIe until they are at the top of the stack,
{1] A stack pointer is a separate integer variable that notes where the top of the sta

B A7
2 marks for giving the correct expression (1 mark if the given expression is only par
63 -

B A8

2 marks for giving the correct expression (1 mark if the given expression is only parfis

ignore redundant brackets:
6-33*2

B AY
6 marks (1 mark for each operator that has be.
correct child nodes; 1 mark for eac
child nodes in the correct ordzg,
the first operanr" q[v-
second ope

B AIO
6 marks {1 mark for each operator that has been given the correct child nodes; Tm

¥ explaining that if the given value can be converted into ar integs

2 marks for giving the correct expression (1 mark if the given expression is only part;

for each operator that has its child nodes in the correct order, Le. the left child node’

being the first operand given and the right child node being the second operand gi
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#® Bl

2 marks available for modifying the code as shown (or closely equivalent code):

e [1] for return type
e [1] for parameter part

GPostFind

B B2
2 marks available for modifying the code {(as shown below):

e [1} for foreach stepping through Elements
e [1} for calling the variable ltem

2

5
ks

oot

Sk
ot
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® B6
11 marks available for modifying the code as shown {or equivalent code):

Marks could be awarded for:
e [2] for the correctly implemented IF statement, {17 of which is for the co
» [1] for using the Add method to push to the OpStack stack/list
@ [1] for correctly phrased ELSE IF and its condition
[1] for settlng up the WHILE loop correctly, with G

wORE LY s
P fitastlp

Stack. AddTperator);

® B7
4 marks gvailable for modifying the code as shown {or equivalent code):

Marks could be awarded for:

[1} descending counter implemented in FOR loop
{1} starting at final element of OpStack

[1] for pushing to Stack

[1] for popping from OpStack

L]

®

L]

L]

t = OuStack.Cow i--3
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® B8
2 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
e [1} for calling DispiayListCfElements 10 show rasults
e [1] for calling ConvertToPostifx to show results
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