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Teacher’s Introduction

This resource has been designed to support the development of students’ programming skills at K85,

It contains 10 unique exercises, featuring a range of scenarios that develop the core programming
principles, as well as bringing to life a number of important concepts across the A Level AQA specification
—-including programming constructs, recursion, global/local variables, modularity, debugging programs,
object-oriented techniques, divide-and-conguer algorithms, data structures and standard algorithms,

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 guestions that
test theoretical understanding of the code. The
code that these questions are based on is
provided as .cs files and as PDFs for convenient
printing. These guestions require written
responses only — ng programming is required.

Section B

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

B PGEEHNLS

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) and any other practical assessments.

The question/task sheets can be photocopied or, if using the PDF versions on the CD, can be printed or
simply followed on-screen (for Section B especially).

Suggested solutions and mark schemes for all questions/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 to the students via the HTML
interface (index;himl, but can be accessed directly from the rescurce foider.
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EXERLTSE 1— SEARCI

G AlGo

SECTION A

&

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

Explain why a constant was a suite his case.

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 pan

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 algorithm 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

h and binary search aigc%
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E XERLTSE 1 — SEARCHING AlG

Ms

SECTION B

Identify and correct the syntax error in this versiz:f of the linear sear:ﬁ%ﬁ

Program in guestion has been successfully corrected [

Maodify the program so that when the functions do not find the vail..z&gé,;s
part of the message shown on the console. 5

Pregram odated [

Modify the program so that the identifier x is

Program updated [ ]

ced with a better \

Modify the prog ®cursiveBinarySearch function
‘e start and end of the portion of the array w
earch to return the index of the search value if it is
iec not found” if the value is found not to be in the array. T

e main program procedure should be updated to call this procedu

Program updated [

Madify the program to add a getval function that asks the user for
integer, This function should take no arguments and be able 1o handé
input. The main program procedure should be updated to call this fus
will end up being passed to each of the search methods. :

o

Pragram updated [

Modify the program to add a generatelist function that is given A
returns an ordered array of all positive inteq m 1 to the given
procedure should be updated to call i dure to create the se
given by the user.

Program updated

C# Exercises for A Level Page 1of2
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Create duplicate copies of the methods 1inearSearch and binas
ke on comparing their time efficiency. The duplicate methods shoula
timedLinearSearch and timedBinarySearch. 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
e n for the length of the arr
e testsforthen

dded that accept
for testing purposes ¢
ts'that should be carried out on:

nerate an array of length n and then repeate

elements in the array are searched for.

v

MNext, a similar method called testBinaryTimings needs to be cre»
on arrays using binary searches and then find the average amount ofé
testLinearTimings function and modify the copy to fulfil the sap
searches. 5

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 £
searching alongside the average time taken for binary searching, suc

COPYRIGHT
PROTECTED
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EXERLISEZ 5

SECTION A

A1 Explain how the integer values for the arr : non line 9.

ala The character "\t' is used in the Main () m

Explain what it is and how i this case.

Explain the role played by this variable.

as far as the value before SIZE-1 instead of going all the way up to th

Explain why this is the correct approa s case.

C# Exercises for A Level Page 1of2

al s When the bubbleSort function is called, the program uses a Booieég‘

al s A FOR loop is used in the bubbleSort () method. The value of the
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al 7 The purposs of the split () mathod is to separate one array into
elements in the original array is even, the two arrays will be of equa

Determine what will happen to the middle elerment of the original a
array contains an odd number of elements. Explain the role of the D

Al g The merge sort algorithm is an example of a divide-and-conquer algs

Explain what a divide-and-conguer algorithm is.

Al Another method of sorting an array of numbers is known as an inserﬁis:s-‘
Describe how the insertion sort algorithm works. A

COPYRIGHT
........................................................................................................................................... COPYRIGHT

i
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EXERLISE Z — S0RTING ALGORTTHMS

SECTION B

Program updated [ ]

Modify the program

%
; %ﬁw»\ een achieved, modify the Main () method to make use of
-ﬁ‘iény FOR loops which do the same task.

@
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Program updated []

o, y the program so that the program does not crash if the user e
prompted to add a number to the array. Your solution should display:
them when they have entered a non-integer number and keep askin
a valid integer.

Sy el pen

1
"Mi‘ -
St

foud o focd fed ok ook bk

Program updated [

C# Exercises for A Level Page 1of2
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Currently, the code (which has just been improved in Task B4) that a
into the array is hard-coded into the main program procedure, and s¢

Modity 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 numListi
as described in Task B4. :

Program updated []

Modify the GetList fug e user can also choose to eny

s

e (e O ¢ O ¢ 44

; Hues correctly swapped around. The bubbleSort {} function s
accordingly to use this function. :

Program updated [

P58

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

Pregram odated [}

Modify the program’s cutput to observe the behaviour of the bubb
bubblesort (} function should now include a swaps variable that ¢
are made on each pass. The program should display the value of ow
performing the next pass. 5

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

Program updated [

C# Exercises for A Level Page 2 of 2
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EXeRLIE 3 — ToweRs oF HANOT

SECTION A

Al Give a line number from the Game cl stance variable is:

he methods in the Tower class are constructorg:

ala Discs can only be removed from or added to the end of a tower's a

State the data structure which represents this behaviour and descri
of that data structure.

Al 4 The program reqt

Il three towers get successfully instantiated despite the}

als The program does not accept "ONE", "TWQ" or "THREE" as valid inmé

Explain what would happen if such inputs were given and how (# WC%

ried to move a disc fi

Al G A less robust program could crash.

Explain how the Move ( ndies this eventuality.

C# Exercises for A Level Page 1of2

ion when the Game class tries to iny
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Al 7 The OR operator is used to perform a check before a valid move oc

Explain the role of the OR operator in this case.

d of the Tower

Alg The program uses nmultiple classes for encapsulation.

State the meaning of encapsulation and why it is useful.

ewites between an array and a list.

COPYRIGHT
PROTECTED

i

29

‘EducoﬂOné

C# Exercises for A Level Page 2 of 2




EXFReTSE 3 — ToweRs oF HANOT

Bt

SECTION B
1
show the name of the game.
Program updated []
2

g. it accepts "One", "ONE", "oNe" and "one".

P-ro‘g‘rgm updated []

3 | Theinstance variable Number in the Tower dass currently has publi
mutator methods for this varable and set its visthility to private, moc
program so that they call the relevant accessor/getter method instea;

Program updated [

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

updated []

g Modify the program to add a Checkiion function in the Game class
successfully completed the game, or otherwise returns False. (Hint: &t
line of code inside a method body!). The Main procedure should be:
function to end the game once it has been won, and then displays th
prints a message to tell the player that they have completed the gar}
have the while True: loop changed to use a more appropriate co
aswhile True loops should be reserved for testing purposes or ing

Program updated [ Q@ PY Rﬁ@ H’F
5 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 wi
moves, etc. :

hoose the numiber of disca
yutput the minimum number of move;

Modify the program to a!
and the program

9

29

‘EdUCQﬂOﬂé

0t moves, or else encouraging them to try again to see if they can m

Program updated [

C# Exercises for A Level Page 1 of 1




EXERLTSEA 5

SECTION A

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

e Node class that demonstrates parameteé

Al a2 A gueue is one type of data structure; a stack is ancther type.

Explain the difference between a gueue and a stack.

ind the tail node m

Al 4 The method IdentifyQueueTail () is used to

State why this method must therefor art of the Enqu

¥ i ntQueue () procedure uses a FOR loop.

Explain the purpose of the FOR loop.

al s The Node constructor sets a new node's pointer to be null. Explain wi

The queue is implemented as a |

Explain one advantac

C# Exercises for A Level Page 1of2

ithods) are there ir%‘

ked list instead of an array to im
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Having read and understood the code, describe in words how to en
that is implemented as a linked list.

Explain what a circular gueus is.

Explain \

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

ue is used in the program and how you can &

C# Exercises for A Level

Page 2 of 2
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EXERLTSE 4 — 51

SECTION B

message to the
lines of the exa

o oned aneh e

e

Tt the Plants :@E

Modity the program so that it outputs a meaningful message to the
dequeued {removed from the head of the queue). Be careful wherer

Program updated [}

Add a method called GetSize () to the Queue class which returns 1:
The method should work with empty queues (size = 0). Choose meary
name and any variables used within it. Write code in Program. cs tc
on all newly added code.

Program updated []

: way’ linked list) uses poin
ious value in the list. Modify the 1

new attribute. Finally, the constructor for a queue which takes a node
amended so that it calls the Enqueue () method from now on. Suita
into Queue. PrintQueus {) o ensure that it has succeadad. -

C# Exercises for A Level Page 1of3

COPYRIGHT
PROTECTED

9

29

‘EdUCQﬂOﬂé




Exemplar output is shown below.

Fenugreek

‘iva#exing should NOT be used. Assume that the first node in the guex

Add a Bump () procedure to the Cueue class.

When the function is called, as long as there are two or more items |
shown an on-screan printout of the queue and they should then be &
indicate a particular position in the queue (#1 represents the head ofé
head of the queue will be regarded as #1, the only valid inputs are in:
have no previous node with which to swap) and ranging all the way
gueue. Suitable validation should be included to make this procedu

2 Work through each of the three Pointer variables and modify th
© gueue). :
«  Work through each of the three pravious pointers and modify;
the tail towards the head of the queus), 5

e Quiput the newly sequencad queue.

Program updated [

C# Exercises for A Level Page 2 of 3
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Bubble sort is a sorting algorithm where values held in a linear data
compared and potentially swapped with adjacent values. On each pa;
value 'bubbles’ to the head and takes its place as the maximum valué:
successive passes to ignore that node.

Having developed a swapping procedure, make a copy of it and nam
and output statements can be deleted from <; . Modify Swap (&
position of an item in the queue (as i d the Swap () ph

The BubbleSort () procedure should return straight away if there &

gueue.

Program updated [}

COPYRIGHT
PROTECTED
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EXERCTSE T — PRAUGHT?

SECTION A

A

Give the class name and the line number fro

QBtS INIHAISEA e s
has its value read I TUl e

Explain why the PlacePieces method is private instead of public,

Explain why the
to it.

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

number from the program where a priva

he Piece class requires one and only
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Al g Explain how the program generates the output shown below when it
rnethods involved and describe what they do, but you do not need ‘s
carry out their roles. s

COPYRIGHT
PROTECTED

Explain why this i d practice and what should be use
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alo A new King clag ed that inherits the Picce class.

ce is and why it is useful.

A1 10 | Explain the difference between functions, procedures and methods.

al 11 A Beard object is created to represent one game's board.

Explain the difference between an object and a dass in this case.

C# Exercises for A Level Page3of 3

Al s Explain the use of the MOD operator in placing the pieces on the boo
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EXERLISE T — PRAUGHTS

SECTION B

Modify the program so that the white squares zigiiindicated by an ur:%as
is displayed. 5

i
3
i
i

o A SRR, AR, TR HARTAR TR RATAR, TR G T
o i SRR, AR, SRR SR, FAERE AR, TR CRrs e (s
o AR SRR, SRR, R AR, AR AR, TRERIES ChAREs TREaiss s

o i SRR, SRR, SRR R, AT R, T
o AR SRR, AR, SRR WA FERE R TR G

.

Program updated [}

Modity the program to add a BoardSize attribute to the Beard cla
should be set to 8 in the constructor, and the Boardsize attribute
hard-coded values throughout the Board class.

Program updated [ ]

rdSize attribute.

o)
Q*
[©)
=
1%
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3
o))
3
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o))
(2]
=X
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=]
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o]
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=
Q.
R
o))
1%
5
e
C
—~
[s}]
]
[oR
-
[¢"]
=
<
=
=
w
sl
3

hoard. Zero-basad indexing should be used. Validate the user's mpufé
range, and return a Null value if either is out of range. :

Add a procedure called DisplayPiecent into the Board class. It s
and return the character representation of the piece found there, tre
differently from all white squares. Add code to the Program class to}

Mo piece is Found st [4,5). |
[@,8] is a white square so no pieces |

C# Exercises for A Level Page 1 of 4
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Add a private integer attribute called TurnNumber 1o the Board cigé
maoves made by the players. When whoever is playing as black (B) ma
of turns should be incrementad from 1 to 2. Amend the constructor 4\
rmethod and a mutator method that simply increments it f

Modify the program to add a validMove function in the Board cia,f
(representing a start position and an end posi*ssiion the board) as sr
of the given colour can move a piece £ start position to:
move. The ability to do repet : ‘game of draughts can bi

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 rmove in any diagonal direction.
¢ Pieces cannot move to a position that is not on the board.

Here is a pseudocode structure you can follow:

Store the PieceToBeMoved as a Piece variable
Return False if PieceToBeMoved isn't an actual Piece
Return False if the destination (s off the board

IF PieceToBeMoved is not a king:
e [Fit's Black’s move:
o IF Black is moving o ards’ AND T colur

; 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 there is o Red in between:

o

e ALLOW
o ELSE
«  DISALLOW
o ELSE
o DISALLOW
«  ELSE
o DISALLOW COPYRIGHT
o ELSE PROTECTED
»  DISALLOW

e FEISE

o .. asabove butr ea of ‘forwards’ and

. as ALl t with more freedom of movement bé: 19

29
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You can test your work by including this code in the Program class &
TurnNumber is setto 7 :

.WriteLine("
: wrlteLlne(
erteLlne(GameBoard ValidM
WPlteLlne(GameBoard Vali
i dests

WritelLine(G;

28

riteLine(™

erteLlne(GameBoard ValldMove(S 0, 4, 1));
.WritelLine(GameBoard.ValidMove(5, 4, 4, 3));
WPlteLlne(hameBoard ValldMove(s 6, 4, 73);
WPlteLlne( A\ 4 all be FALSE and produ
erteLlne(GameBoard ValldMove<6 7. 5, 63);

1n0((am@Board ValidMove(5, @, 4, 8});

ey nad
\\

erteLlne(GameBoard ValldMove(7 @ S 2)),

GameBoard.UpdateTurnNumber();

WriteLine("\n R =

MWriteLine( " \n? whan i
.WriteLine(GameB 0));
erteLlne( 2));

23}

s 33

e e N ATy .
LN NNR )_,

WPlteLlne(CameBoard ValldMove(@ 1
soritelined ooy END OF TR ¥

Program updated [ QQPY Rﬁ@HT
f PROTECTED

9
29
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Modify the program to add a GetMove procedure that asks the useré
at a time) and then checks if the playing piece lifted by the user is of
(using the turn number that the game is currently at). if the colour IS
proceed to read in an end position (one integer at a time) and chech
given by calling the validMove method. 5

ted accordingly 9

Assuming all checks pass, the move should be
i hould be told "1

amended accordingly. If validMove
the colour test fails, the user sh
"The board has n

nged. Try again; it is k

m the user should be fully validated usingé

: added to the Program class so that six moves can by
pme invalid. :

All four in

kﬁrﬁéram updated []

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 variables
piecas of each colour that have been removed from the board. '

Add lines of code to the GetMove method so that when a piece isjn:éa;
board. s

The rnain method of the program should be modified to runin a iooé
from each player until one of the players has won, displaying the star.
At the end of the game, a message should be displayed to say which:

Program updated [ ]

at when a piece reaches the oppe{s:s
e code for awarding King status for Red
ard size was increased or decreased. :

Modify the GetM
promoted t
ctige A/

4 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{}i{e]

COPYRIGHT
PROTECTED
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EXERCTSE 6 — TREE TRAVERSAL

SECTION A

Al 1 Give a class name and line number from the m that contains a

call to a constructor ... .Sl S T,

private attrinusef s SN L

Al a Draw the tree that is created by the program. You only have 1o showz%tei

ala The tres created by the program is a binary tree,

Explain the difference between a binary tree and a multi-branch tree

Al s The ‘prog ram.!

C# Exercises for A Level Page 1of2

on. Explain with reference to the Node i
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The program uses just four data types. Name all four of them.

Write the tree values as they woul

C# Exercises for A Level Page 2 of 2

in a depth-first, pos’f

alues as they would be returned in a depth-first, pre-
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EXERCTSE 6 — TREE TRAVERSAL

SECTION B

Modify Node . cs so that it contains a procedur
node, as per the example output belo
all four existing nodes of GreekT e

g%

at can print a full 3
code into Progra;

~GAMMA - - e
ue hold in 3
s o node iy

—————————— B
held in thi

5 o node to itz

no onode to it

Program updated [ ]

Modify Program.cs so that G
end of any existing cod

resents this binary tree;

Alpha
1
Beta Gamma
2 3
Delta Epsilon Zeta
4 5 b

Modify the program so that it creates a new tree called As .E;ort@d’]_‘lé
called Gold and have the value 24, and there should be only a right
whose value is 8. Add a line of code to display the full set of informat

Program updated [

C# Exercises for A Level Page 1of5
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Modify Program. cs to add a recursive PostOrderTraversal prs\
input and performs a depth-first, post-order tree traversal from that,
separated by > symbols as it progresseas. 5

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

If NOT Null:
e Traverse the Left subtree

call that passes

e Traverse the Ri a recursive call that passes;;
nod '

e Value followed by a > symbol withouit taking

PoétOrderTraversal procedure using the Root value from bmhé
the program. Each value should be displayed in the order in which it
and this should be manually checked for correctness. 5

Program updated [}

Modify the program to add a recursive PreOrderTraversal proce;é:*
input and performs a depth-first pre-order t saaversal from that rg
separated by > symbols as it progress :

ified to test the procaciure twifeé
edure using the Root value faom both

The Main proced

Program updated [_]

Modify the program to add a recursive InOrcerTravaersal proc
input and performs a depth-first, in- Order tree taaversa! from that rog
separated by > symbols as it progresses.

COPYRIGHT
PROTECTED

e procedure twice
Root value from both
slayed in the order in which it is ¢
ked for correctness.

The Main procedure should be modlfmd
InOrderTraversal proced §
program. Each value <h
this should be

9

29
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Program updated [
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7 Modify the program to add a BreadthFirstTraversal pmceduaﬁé
and performs a breadth-first tree traversal from that root node, outp
symbols as it progresses. 5

Here is an algorithm for guidance: 5
e Create two lists of Node objects: one for the current leve! and one =;};:s:
e Handle empty trees to improve this meth ) :

ustness
o Output a message

naies dt this level with the root of the tree ﬁCiSSiéi::
. 1 no nodes has not yet been encountered... :
Form a new empty list for the next level's nades
o Visit all the nodes in the list
= Qutput the value found at each node :
v fthe node has o 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 twiceé
BreadthFirstTraversal procedure using the Root value from i‘\
in the program. Each value should be displayed in the order in whick
and this should be manually checked for correctness. 5

2eFR
b
>

sortediree »

Program updated [ ]

ase of a binary tree is called a BINARY SEARCH TREE. It hasé
¥ Itis a binary tree. ;

»  When any node is chosen, its left subtree contains only value:

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

Modify 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: :

s Set up @ method that returns a Node and takes in 3 paramete COPYRIGHT
PROTECTED

boundary and a pointer to the upper boundary of the array. Ti:
the recursive calls, hence the need for3_ ;

2R

S Null immmediately:

: as O values in it g
oundary is greater than the upper boundmﬁ»‘: ’9

e and store the index of the midpoint of the array Qg
Determine the value held at the midpoint of the array :

Education

Declare and initialise a new node using the value just found a

o Set the left pointer of this new node by recursively calling the
portion of the sorted array (by setting the parameters fo descr
left of the mid-value) :

C# Exercises for A Level Page3 of 5




e  Set the right pointer of this new node by recursively calling tf
portion of the sorted array (by setting the parameters to descrg
right of the mid-vaiue) -

e Return the newly created node

arload the method 3
per boundaries w
ate the relevant poinf
f either of the following two case:

To make it easier to use this recursive method,
require the programmer to supply the lo
Main method. This new method :
defined method that w

e The arrayssisy

i

@5 i n procedure should be modified to create the array Numbe
{1,2,3,4,5,6,7,8}.Construct a Tree object using this array a
traversals on this tree.

Program updated [

9 Modify the program o add a SearchiST function in the Program
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 methaod:
e Ifthe node is a null pointer, return Fa

e [fthe sought value is found a
e Ifthe sought value.i:

return True :
iwve value found at that node, s

igivalue is greater than the value found at that noc“é"‘
saé by performing a recursive call '

The Main procedure should be modified to call the SearchisT func
created from the list{1,2, 3,5, 6, 7, 8 } to search for the values 6, 7, ;
displayed. An example is shown below as a guideline only.

| COPYRIGHT
" contain 82 It asctualls PROTECTED

9
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Here are the lines of code required to traverse an unordered tree usit
unsorted list of velues found. Put the lines of code into the correct oy
Program.cs as a new method. 5

InOrderListBuilder(SubtresRoot.Getlaft (), Currentlist
}

raturn Currentlist;

Ol O] w|

svia ) 8 - 3 %
il lie otard
SUDLAT SYaty

CurrentlList) : :
InOrderLis : eeRoot.GetRight(), CurrentLis?

tBuilder {Nuds Subte:

1 if (SubtreeRoot != ruill

Ii{
i | Currentlist.Add{SubtreaRoot.GetValue());

Now that @ function exists that can convert an unsorted tree into a I
Sort () method for sorting lists in C# ‘

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

A {27 Sort the list

B 11 NewBST;

C |44 {11 Turn the fras dnto
D |ListFormat.Sort();

E w

F

I
J Pras{NewTreeRoot);
K <int» ListFormat = nc e (3

R

27 Canvar EE N P N
o LnVREL L ARl 8

Program updated [

COPYRIGHT
PROTECTED

Modify the program by making a copy of the BreadthFirstTra
AddNode in the Program class. This version of the method should ta
parameters and add that node to that tree i
approach. It should return a Tree :

The main program iled to add some randomily chose

i

29
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#/, the program should perform all four traversals or the Ass

apparent that performing in-order traversal on a BST produces a so
Program updated [}
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EXERCTSE F — PIaksTRAS SHORTEST PATH

SECTION A

Al 1 On how many lines of Program.cs are other_

Give a line

al 2 The attributes in the Graph class are private.

Al 4 The code contains very few comments, and the purpose of some of t
be immediately clear to anyone who sees it. f

Explain what is happening o e 30

A1 5 Explain what is happening on Graph.cs lines 16-:19.

C# Exercises for A Level Page 1of3

s’ constructors oyl

#1.'cs that uses all three of the Boclean o\

Define what a public attribute is and explain why ar attribute may be E

COPYRIGHT
PROTECTED
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The 'closest node’ is the nede that you can advance to directly in o
Al 6 ) ; ) )
at. If a node is at & 'dead end’ and no nodes emanate from it, there

Using the comments given and by looking in detail at the lines of code

GetClosestNode in Graph.cs works.

Al 7 Sketch a UML class diagram for Edge. cs.

C# Exercises for A Level Page 2 of 3
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Al s 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 treeé

tNode function can be used as part of an implementa

C# Exercises for A Level Page3of 3
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EXERCTSE F — PIaksTRA S SHORTEST PATH

SECTION B

1 Modify the program by commenting out the e
replacing it with code which will mod

own here:

Target

Program updated [

Pragram updated ||

end’ nodes, which have no nodes emanating from them. Diagnose

To debug the problem, add a new private method to Program. s ¢
which receives two parameters (the graph and the node being invests

cases such as node F.

Finally, replace the code you have jus
instead to output the cl gach node.

g graph creation

Modify the program so that when itis run, the graph above is visuaiises}s

Modify the program to cutput the closest node that comes after eac!fé
was used in the given code from Section A. This should expose a bugé

that it uses the ()utr.:;

C# Exercises for A Level Page 1ofé&
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When manually performing Dijkstra's shortest path algorithm, a tabié%
« the name of each node
« whether that node has been visited (i.e. gll edges emanatin
»  the length 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;
Dijkstra’s algorithm on paper for bot ; hs shown previc

Section A

Shortest Distance to $tart Node

8§88 8i/8i8i8|8]|°e

Node Visited? Shortest Distance to 5tart Mode
A 0

Section Ar Shortest path from Ato | =

Section B: Shortest path from Ao F =

Maodify the program o model the table structure as a list of objects
class to perform Dijkstra’s algorithm: :

1} Build a new class called TableRow which contains four attrik%% QQPY Rg@HT
columns. %

2) Add accessor and mutator methods for all four aftributes i PROTECTED

3) Inthe Graph class, add a new privat i
returns the current graph desg:t
objects). It should be i

Giank table {the h‘i‘tL%
following the algorit

3% list of nodes called TableNodes 1'9
_ive a node variable called NodeMightBeAdded to temps
edges

| ag |
For all edges in the graph: ‘ EdUCQtiOﬂ
o Ifthe node at the start of that edge is not already 3

if the node of the end of that edge is not already i

= Make a new empty list of TableRow objects

C# Exercises for A Level Page 2 of &




e« For agll nodes in TableNodes: :
o Create a new TableRow object by passing the nods
o Add it to the list of TableRow objects 5
o {f the node is aiso the SourceNode for this graph,
this, use the fact that it will currently be the last e
been added, and bear in mind that SourceNode is
object)
Return the list of TableRow

nethod to update the instance variable DijkstraTakle. A
AddEdge () too so that the table version of the digraph is &
edge is added. Finally, add a public accessor method to provi
DijkstraTable variable é

5} Add a public procedure called PrintTable to the Graph ¢ -
console. it should work robustly whether Dijkstra’s algorithm
underway or is fully complete. This will involve watching out
\uCOD8) and unusual values (e.g. int .MaxValue) when outy
PrintTable using the following pseudocode, then add one
test that it works: 5

e Output suitable table column headings and an ovemrching%::s
e  for each row of the table: 5
If the row node is nul

o

underscore; athes

1

S

S i

Program updated [ ]

C# Exercises for A Level Page3 of &
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5 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 Ta Iqeti\iodé};
function returns a Boolean value to indicate whether the target node:

Here is a pseudocode outline of how * implemented:

teger variable called Minimumbiste
rivisited nodes) in the table and set its vaiue
" integer variable called CurrentDistance for tempors

Declare and iz

Declare an integer variable called NotedPositioniurmber to r :
where the TargetNode is found. Initialise this to -1 to help id

e FOR gl table rows in DijkstraTable (Hp: use o FOR loop):
o Ifitis an unvisited node:
v Qverwrite CurrentDistonce with that node's ¢
source node Z
= [fthe CurrentDistance < MinimumbDistance!
MinimumDistanceinTable to fold the value

o fitis the target node:
= Record the position in the {ist that you are ¢
e IF NotedPositionNumber is still -1, output an error message
e ELSE IF the target node's shortest distance to the source/start
MinimumDistancelnTable value, return “True”

o ELSE return “False”

o

code to Program.cs and i

Test the new method by adc;
and target nodes are the same.

in Program.cs SO

6 Each time a new row of the table is to be inspected, it has to be choss
unvisited nodes. The row with the shortest distance value in column
node to inspect. Modify the Graph class so that it has & new method
GetNextUnvisitedNode () which returns the node held at the tak
will be zero-based) containing the unvisited node with the shortest
ignored.

Hers is some test code and the expected outcomes that can be used

COPYRIGHT
Program. cs should have the following added to it: PROTECTED

9
29

‘EducoﬂOné
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Expected ocutcome:

Modify the program by adding a method called ce tAllEmana:im;
in a node 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 returin statement, inseit a block of code to o
that are in the list that is about to be returned:

o

COPYRIGHT
PROTECTED

Notice that the ‘visited’ property of NodeB i false before tes

true for testing purposes.

Program updated [ ]

9

ggram by adding a ConvertNodeToRowNumber fun
&8s the row index where it exists in the Dijkstratable list.

29
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Program updated [}
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g 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 shor
the same starting node, but the algorithm will terminate based on th

Here is the aigorithm that shouid be implemented:

e Declare the following 5 variables:
o A list of Node objects cal
Integers called hle:

o O O
%)
®
~
3
3

‘e Current which should be initiatised by :
NextUnvisitedNode() method :

WHILE the target node doesn't hold the shortest distance AN
o TableRowindex = the row index of Current (using an
o IF TableRowindex==-1, output an error string and re
o Populate StiliNotVisited by passing Current to an exi
Initialise a list of Edge objects called Retevantidges by
o FOREACH Edge in Diagram:
= If Current == the StartNode of that Edge: At
END OF FOREACH LOOP
Declare int FirstLegShortDistance and retrieve the disi:
TableRowlndex points to in the table, storing it here
o Declare int LastLegDistance (to be initialised later)
Declare int RowInTableGettingUpdated

o]

o

from the fdge
FegNewDistancefromSour:
. Node of that Edge to work out thy
vInTableGettingUpdated (call an existing
IF the distance in the table is larger than the &
e Update the distance in the table
e Update the “previous node” colurnn &
END OF FOREACH LOOP
Set the Visited? property of that row of the table to Tr;
{F the Current node is actually the TargetNode, set T
Update Current to the closest node to Current (use ari
o Print the table for testing plrposes with some blonk

O

O

o]

END OF WHILE LOOP ;
o RETURN "This table represents the shortest path MMM ANARAS

Finali date th de to call th thod as foll COPYRIGHT
inaiiy, update tne Program.cs code 1o Ca e method as 1oHowsE:
P - PROTECTED

9

29
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Program updated [
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EXERCISE € — BOMB SEARCH

SECTION A

A1 Which one of the three existing method stu

variables that ha

Al There is an extra, redundant method in Tile.cs called Reveal ().

Explain why it is convenient to include this method.

C# Exercises for A Level Page 1of2

ard.cs is suite
umber from the program where a constr;

Al 3 Explain the purpose of the code Bombs = R*C / 3; inthe constru%;

. &8 only takes one parameter w

B

COPYRIGHT
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AT
A 8
Al 9
AL10

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

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

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

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

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 co!umré

C# Exercises for A Level Page 2 of 2
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EXERCISE € — BOMB SEARCH

SECTION B

thod of Tile.c
le.

1 Modify the program to implement the Expla1
output a description of a particular ti

Program updated []

&include accessor and mutator methods for inst:

Modlfy the SetUpRoard () procedure to add tiles to the board. Thcé
random positions on the board. Here is an algorithm to guide the imy

e Build a list of Bomb tiles
e Rulld o list of Safe tiles
e  Build an empty list of tiles to hold the newly shuffled list
e WHILE both lists contoin elements:
o Choose at random which list to remove a tile from: Bomb &
o Add the first tile from the chosen list to the shuffled list
Remove the first tile from the chosen list
o ENDWHILE :
e Determine which list has still got elements in it and add the rema;
shuffled list
e Place the tiles from the shufﬂed lis
Amend each tile’s adjace

% #ake the row and column position indices in as parameters
e Declare a counter variable to keep a running total ¢f bombs fou
e IF the row is not the top row, proceed to check the 3 squares abo
e IF the row is not the bottom row, proceed to check the 3 squares
e [F the tile isn't in the first column, proceed to check the square i
e [F the tile isni'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 ¢
expressions, Le. 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 cu

COPYRIGHT
PROTECTED

Program updated [ ]

ricédure so that the board is visuaiisecé
“The visualisation should show the row and: 1-9
nd there should be lines partitioning the rows and ¢

Modify the Disp
contents of

29
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Ur just developed a method for setting up a board, it would be i
WsUally see the positions of the bombs and the numeric values of the
first set up. Any bombs should be displayed as B. Any revealed numbs
single-digit numeric value.

C# Exercises for A Level Page 1 of 4
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You can also trv,
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if you are not happy with how well-distributed the bombs are, the iss
randomisation was used. Try to vary the randorm number selection pr

Once this is proven to work, create a second copy of the method ca
that it displays as a '?" character any tile that has not yet been revea
zero vaiue should be biank, not zero-valued.

emember that yo
cts in each of the pog

Add test code for both methods to Progra
SetUpBoard () first or there will he

Program updated []

t¥i to add code to the GetMove () method of the
ng with incorrect data types being enteredi. it should !6

o im updated []

Maodify the Board class to add a Reveal () function that gets a moi
GetMowve function) and reveals the chosen tite. The user’s selection s
ensure that the tile has not yet been revealed, and if it has, the functié
message and return False. The function should output a “Game Ove i
bomb has been revealed. Gtherwise, it should simply retumn a False y

The main program procedure should be modified to continually cal
the result in a variable, and then display the game board. The result ¢ COPYRIGHT
be used to decide whether to continue iterating. PROTECTED

Program updated []

9
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o s to store the number of safe (non-bomb) tiles

constructor and add suitable getter and setter methods.

1
R A AL LI, SEIRL PS50 KIIITI. FIPSIR SIS KISISS

s $ S % § {

Modify the Main program to display a celebratory message followed
player has revealed every tile except those containing bombs. Add &

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

the game.
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Program updated []

H !
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ExeRCISE 9— FILE HANDIING ANP HASH TABL

SECTION A

a literal fong valuy

A1 1 Give a line number from the program that con

Give a line & program where an array of fongs is decly

A1 3 Eﬁ&;lain how the program ensures that the newly generated product (
single digit provided by the user.

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

Describe what a tuple is.

COPYRIGHT
PROTECTED

3
3
3

als The program does not currently access the text file that stores mu!tigﬁ{%

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

ig

29
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Al 7 A fist 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 \

a) Explain what a hash function is.

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

{5 10 be limited, even though this may lead to:

C# Exercises for A Level Page 2 of 3
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A 116 The records of each product will be organised as a hash table using th
{ProductCode * (ProductCcde + ProductCode / 29))

A0

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

Compute the contents of this hash table manualily using the data fros
PRODUCTFILE.txt.

Hash Table Location First Entry
Tablie{d]
Table[l]
Table[2]
Table[3]
Table[4]
Table[5]

e Table[8]
Table[9]
Table[10]
Table [11]
Table[1l2]
Table[13]
Table [14]
Table[15]
Table[16]
Table[17]
Table[18]

C# Exercises for A Level Page3of 3
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EXERCTSE 9— FIIE HANPIING & 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.

nsole.ReadK

Program updated [ ]

Vel@'s a parameter and returns its hash value.
Program updated [ ]

displayed at the end of the fact file when it is output.

Program updated [}

ass method called GenerateHashValue which is a

Add a line of code to the ShowFactFile {) method so that the hai

Add g private class function called ReadInCidTextFile () 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 []

FileOfWholeTab
ask’s function ReadlIn0ldTe
display it in full. Add code to the

Add a private class procedure called
arrays generated from t
the ShowFactF]

Add a function called InitiallyPopulateHashFile () whicht
extracted from the old products file called PRODUCTSFILE txt and r
The hash table is a list of 19 lists of arrays, and the dedision as 1o whig
array gets added to is determined by its hash value. Use the identifies

returned by the function. Add code to the Main () method to call th*%*f

result in g variable.

Program updated [}

Add a procedure called WriteMigratedData () to write the curre '
called HASHFILE.txt, separating the arrays from each othar with the ">

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

Note: In the diagram below, the line numbers are 1 higher than the haE
line numbering in Visual Studio and the hash vaksdis not stored with
range from O to 79.

Program updated [ |

> a'sécond copy of the WriteMigratedData () called To
G 35 3 parameter and overwrites the current text file with it. ihi‘; :
flrst few lines from this copy of the method and inserting a parameter.:

Program updated [

Create a ReadHashFile () function which reads the entire contents
into the hash table format used previously: a list of lists of long intege
construct this function if you also construct a function called Conve
can convart one product’s details from a string representation 1o an arg

COPYRIGHT
PROTECTED

Program updated [ |
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EXERCTSE 10 — REVERSE POLIsH

45 3
£ 22

SECTION A
al1 Line 9 references the bitwise * operator, which
Explain what it achieves in C#.

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

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

Dascribe the main features of a stack.

COPYRIGHT
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AT
Al 8
Al 9
A110

Mathematical expressions can be represented as a binary tree, where.

produce the RPN expression, and an in-order tree traversal will prode:

Write the RPN expression produced by the following binary tree:

Draw the binary tree that is created by the f infix expression:%

Draw the binary tree that is created by the following RPN expression:

C# Exercises for A Level Page 2 of 2
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EXERCTSE 10 — REVERSE POLIsH

SECTION B

1 Modify the ConvertToPostfix functlon so t accepts a list ofis

parameter and returns a list of string

Program updated ]

TdPostfix function so that, at the very begin
alised: Stack and OpStack. :

Modify the ConvertToPostfix 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 ]

Modify the ConvertToPostfixz function so that the first task car
is a check to see whether the value of Ttemis an integer, and if it is
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 appended.
position.

Program updated L]

0 that the ELSE block wit
tement which checks that the Op
“ariable LastOp should be set to store a cogé
item at the top of the stack of operators {but it Shaé

Modify the ConvertToPost
begins with an in

Program updated ]

Modify the ConvertToPostfix function so that after the IF staten
there is a new and separate IF-ELSEIF-ELSE structure that implements,
nested IF structure must also sit inside the sare ELSE structure as the.

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

2. ftem is an opening parenthesis COPYRIGHT

3. LastOp is either + or -, and at the same time, Iteny 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!!

iof OpStack and store it in the va E
an opening parenthesis, push it to Stack . 1-9

not an opening parenthesis: 09

Push LastOp to Stack E dU cotion
Overwrite the top value of OpStack with Item ‘ g

ELSE

Push ttern on to OpStack

Program updated ]

C# Exercises for A Level Page 1of2




Modify the ConvertToPostfin function so that after the FOREAC%&
iterates from right to left through the Op3tack list and successively:
e pushes each item fo Stack 5
» pops each item from Cpstack {without storing or inspecti

Program updated L]

Modify the Main () procedure so th
valid strings.

Program updated ]
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SUGGESTED 50LUTIONS & MARK SCHEME

Exercise 1 — Searching Algorithms........................ ISIUOIOITOI..
SEBCHON A ettt s e b e ee e ners e metomeernesecesncsenc s
OY:To 1 To10 10 : OO .~ . oS

Exercise 2 — Sorting Alq
Section A A
SECHON GHEEEIN. ettt s e a ettt st n e

EXErCiSe 3 — TOWEIS Of HANOI .....ceveeeeerercereeeeressenenesensssensssssonsesonsesonseniss
SBOHDI A e s s s s s e e
SECHOM Booovooeeooeeieiesre e seecssisssis s e sss st st oo

Exercise 4 — Sorting (QUBUES .. ricnirsinscrssnsnssnsnssnsnssassnssnssnssnssnssnsanssndis
SECEION A oo et e ca s s ek ce s s et ceca s ac s
BREHION Bovoveooveceorseseses oo seeeeessaessensesssseseesseseseseressmerasssssssseesosesseseresararastsssenesssessssecrsearerraresene

Exercise 5 ~ Draughts.. e omsmsssssnsonsonsossonsosic
SOCTICHT A tooveevese oo eeeeoeeseeeeeeseeeseeeseeseseseseeeseee s eeeseeesse e eeseeseseseseseesseensseseseseseseessesesseeseresseesersrees
SBEHION Bl rissisace s ssssssss s ssssas s sasssssse st ens oo

Exercise 6 — Tree Traversal ........................... e R,
SECHON A Lceerrieeeeieesissesssesmsseessessassessen s e SR acs e rssseessscensconecssecrmscrmeonecsneons

Section Bueveeeeeeeeean B T e e ss oo recasee e

Exercise 7 — DIijKStra's:iit i i EPAN cveeeeeeceeeeeeeeeeeseeeeessessineenranesnensesesnes

E ise3~B b5 b '
Xargise T BAFCEY caonnosorronsonsoeronsonsossonsonsossocsossonsonsossonsossosronsossosossos

BRCEICHT A\ oo e e ee s s eemesess oo es e eessess s see s ees s es s eess s s se e s e e ss s sesreessseensessesresees
Y= T0 A0 T2 I8 = JONRU OO OO RO OO OO DU O VRO

Exercise 9 - File Handling and Hash Tables.......ccinennnrennsnvennsnvonincvneneis

SRCEION A ettt ses b saes st be st s st sae et b e st s as b sstos et st s st be et eonetssaesecoracaeross
SECEION Boreeorierecrecrrcorecorecssecressseiarecorcrsesracasetasecrsasnetoracsseersessatoresnmatresorecasaiasemmesseorscoseerocs

Exercise 10 — ReVerse PoliSh...... . eeiciieeicccceeneccsceenecceccencnconsonaanoossosasnoi
Section A

Section B

NB. When studying the suggested answers for Section B tasks, it is important to re
ways of achieving the same outcome, and credit should be given for alternative so

C# Exercises for A Level Page 1 of 78

COPYRIGHT
PROTECTED

i

29

Education |




7 mark for giving a suitable example:
Line 7/8/9

B A2
T mark for giving a suitable examp
Line 20

B AL

T mark for e g hg that binary search is more efficient / faster than linear search
Binary search i is usually more time-efficient (takes less time to run) than linear seas:

B AL
T mark for explaining that binary search can be performed only on sorted lists:
The list might be unsorted — a binary search requires the list to be sorted.

B AL
T 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.
There was no risk of accidentally overwriting it (i.e. no logic error was possible).

B AS
I mark for explaining the suitability:

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

8 A7

Up to 2 marks
The linea! h on will be exited when it hits the return statement with
happen becge® e Boolean expression evaluates to False, then the program ad
immaciately after the IF block anyway. Using ELSE is thus optional.

B AB

2 marks {1 mark for explaining that time complexity describes number of operation

mark for explaining how time complexity refates to varying input sizes).
The time complexity of an algorithm is a description of the number of operation
complete in relation to the size of the input given to the algorithim,

B AL

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

B8 AID

Up to 2 marks for explaining why rec suitable. For example:

n why ELSE is optional; award 2 marks for cle

iJ large arrays because each recursive
(or part of the list), return addresses, and
lich could lead to the computer running out ¢f memo
 combinations have imposed recursion limits for this reason.
recursive solutions less time-efficient than iterative solutions.

Recursion may not be suitabl
frame which includes

C# Exercises for A Level Page 2 of 78
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SECTION B
# Bl

1 mark availoble for providing this correctiorn:
= should be replaced with == on Line 3

B B2

T mark available for modifying the code as shown

In linear search:

B B3

(]

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

P
R

4
b

+ o o

B BS

« handling (but not accepting) invalid input
«  using appropriate messages
e returning the resulting value as an integer

= modifying the main program procedure to use getval to set the value

[
ey
o
%
it

s

in the main program:

8
LXF

R

H

C# Exercises for A Level Page 4 of 78
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B B8
2 marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for:
» creating a generatelist function that correctly generates and returns 3
length ’
modifying the main program procedure to use generatelist to creat

R

L]

georey
Sovved
%3}
5]
]
A
[}
l’:’
fesd
LA
o
1]
4]
T
[yl
-5
¢
s
i
[
[0
]
fia o
sy
&
9
i

8 B7

Marks could be awarded for:
e correctly counting and returning th

«  correctly counting and retuir;
creating a test fugg

< searchiall

C# Exercises for A Level Page 5 of 78
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COPYRIGHT

PROTECTED

ag
Education

in program

in the ma

Page 6 of 78

C# Exercises for A Level



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 a

B A2
T mark:
Line 66
A O
1 mark for a ;&}table definition:

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

B A4

2 marks for any two of these points:

\fis an escape sequence.

in this case it represents the Tab character.

it is usad here so that lists get cutput with their values all starting at a new tab s
in @ human-friendly format, horizontally across the screen without overdapping.

@ 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
... and when this occurs, the sorting

... as the array is sorted.
This improves the o
the array ck ’Lf

iied Tmmediately...

fat are in order.

B AB

2 marks for any two of these ideas:

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

if the pointer were permitted to point at the last element, it would atternpt to con:éss

immediately to its right.

This would be an "array cut of bounds’ exception / a logic error / a run-time error.;

B A7
3 muarks (1 mark for explaining DIV; 1 mark for explaini

iiients, calculated from the original arr

2 marks {1 mark for explaining that divide-and-conguer algorithms break a proble
(divide); T mark for explaining that these problems can then be further divided untily

{conguer)):

C# Exercises for A Level Page 7 of 78
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act on BOTH arrc%
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A divide-and-conquer algorithm is an algorithm that breaks down a problem intof
that can be individually solved and then recombined to solve the original probierr%

B AD

2 marks (1 mark for giving the time complexity of a bubble sort; T mark for giving th
Bulsble sort has a time complexity of O(n2). Merge sort has a time complexity of

B8 AID

& marks (1 mark for describing how an

Ses a sorted list and an unsorts:
each element in the unsorted li

0 the correct position in the sorted list):

B B2

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

Main method (1 mark):

& Aam ok & 3 NN
sode Writeline

nrdrvayin

Sripd

COPYRIGHT
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W B3
T mark deducted per earmarked part missing or improperly used:

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

Marks could be awarded for:

s setting up a loop that ends only once enou
successfully adding valid values to
displaying a clear error m i
correctly allowing

®

&

L]

i
1

A ome §
N an 1

{numbersSbtained < SIZE};

un| g nk is given

® usmq try—except structure to detect invalid input and having an appaopn%s‘

ancther value to be added under these circumstances 5
¢ modifying the main program procedure to use the getiist function apg

C# Exercises for A Level Page 9 of 78
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ahf] listTePopulate}

urbersistained «

vetuarn MietTobapulste; 77 B3

# BE

7 marks available for modifving the code as shown (or equivalent code):

Marks could be awarded for:

&

®

[1] reading in the user's preferred mode of entry
[1] identitying if they have chosen option #1

{1} embedding previously written code successfully into the new selectiot
(1] making it clear to the user how to format their comma-separated list
{1 '

i separating the list into values
[1] adding the values correctly to the list
[1] returning the comma-separated list as an

v Readidine{d};

EOWED OOT BN N

listioPopula

“SIZE. prtl
IictTofopulateip] = int.Parse{rowmafeparatedStrdngsinliy

IiztToPopulate;

C# Exercises for A Level
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COPYRIGHT

PROTECTED

B BY
2 marks {as shown below, or equivalent code):

by

Wb, eenk

l,érrectly from within the bubble sort method):

»

o
<

T mark (calli

SWED
aoeie

e gt

foo Segrdt

B B8
6 marks for overall quality:

Award marks as follows:

[0] for minimal commenting

&

[2] for clear comments but not many cf t

[4] for medium-level volume

[6] for excellent comm

steful com

r inaccurate/wa
¥ aid maintainability and readability

®

®

Page 11 of 78

C# Exercises for A Level



GHT

N
O

Education

PROTECTED

COPYR

o
M~
e
O
o™
=
8]
o
T
a8
hed
by
s}
e}
4
24
o
I
for
|
eIl

C# Exercises for A Level




B BS
4 marks available for modifying the code as described:

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

)
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“.,ur identifying data structure as a stack; 1 mark for describing a sit
T mark for descrlbmg what it means for a data structure to be FILO): 5

This behaviour is represented by a stack data structure.
A stack is a First-In, Last-Out (FILO) data structure {can also say LIFO),
maaning that only the most recently stored data can be acressed.

B A4
1 mark per relevant point in the explanation (up fo 3

This is achieved through the use of multiple constructors,
Al three require a constructor to build a new object, but by default any newly b
integers, as well as a tower number.

it is only Tower #1 that needs further information, so it is built using a different cc

This is possible in OOP thanks to method overloading.

B AS
T mark for each part of the explanati

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

.. resulting in o

B AS A
2 marks for quoting code and giving an explanation in prose; limit to T if no refereny

Line 45 solves this:

i if (StartTower.CheckTower{}.Count i= 8)

..and the corresponding ELSE block on Line 64 absorbs the cases where there ar

alsa

{
fonscle.Writeline(“Invalid m are ne -
¥
w A7
3 marks for communicati % (s needed to avoid an exception being:s

This is requwedi 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 neved
TRUE.

C# Exercises for A Level Page 14 0f 78
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B A8

4 marks {1 mark for explaining that the value of the top disc is returned; T mark far;é:.:
removed from the tower;, T mark for explaining that -1 refers to the right of the list,

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

Hlde int Removeldsc{}

sunt-L1}:

b

The code oif
The code on @&

... 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 element of the list, which is:

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

B A3
Up to 2 marks:

Encapsulation means grouping together related data and subroutines and controli

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 me

changing how the methods are used,

B AlO

Up to 3 marks for full explanation; limit to 2 if the w;

{01 Arrays & lists use numeric indexes.

01 Arrays & lists hold values with g
1 Arrays have an immut

1 ... lists can.g

ility is not used:

f iching/same data types.
il
i

C# Exercises for A Level Page 150f 78
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SECTION B
# Bl

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

kY

B B2

using try—catch OR alternative approach, e.g. locking f
N inputs given in upper case / lower case E
s successful conversion from words to numbers

e robust defence against invalid inputs

« replicating the work for both inputs

P S i
WM ETREWES }

Lo Readiine{};

COPYRIGHT
PROTECTED

i

29

‘EducoﬂOné

C# Exercises for A Level Page 16 of 78




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

Private visibility [0 marks in itself]:

fumber = Hewlinmber;

it has been used {1 mark]:

wovesouni+dy

B B4
4 marks avaitable for developing the method, +1 mark for calling it:

St

{1PlaySams. Thaokl

C# Exercises for A Level Page 17 of 78
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B BE

4 marks available for:

¢ checking if the game 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

31 CheckToweri )
{1].CheckTowe

Fiaysame, Getiovel 3
PlayGame. ShowBoar

[

3
B~
2
s
]

B B&

6 marks available for reading in the number of discs and validating it, then proceed,

Marks could be awarded EARLY in Program.cs for validati

Marks can be awarded LATER in Program.cs forr, how many mov

Readidnme{} )

2] and outputs [2].

C# Exercises for A Level Page 18 0f 78
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T mark for saying three members:
3 members = 2 attributes + 1 method

2 marks (1 n3 5 explaining that a queue is FIFO (First-In, First-Out); T mark for \

(First-in, Last-Out)):

The first elernent placed into a queue is the first element to be removed from the &

placed into a stack is the last element 1o be removed from the stack.
B A4

T mark for explaining the cause of the error:

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

B AL

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.

B A7

3 marks {1 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-length arrays):

A fixed-length array has to declare the number of memory locations it will use, and t
Alist has a dynamic size, so it doesn't take up more memory than it neads. This m:
be more efficient than if they used arrays instsad.

Array immutability is thus a barrier here,

B A8

7 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

ytraversing all poin

wly added node.

o

" explaining that a circular queue has a fixed size; T mark for exp
start and enca#®ters; 1 mark for explaining that elements are placed at the front
room remaining at the rear of the queue):

A drcular gueue is a gueus 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
new elements are added to the front of the queue, and the end pointer is move

C# Exercises for A Level Page 19 0f 78
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B A0

2 marks (1 mark for identifying that the gueue (s a dynamic queue (no fixed length)é
detect whether it is circular or dynamic):

The quaue in the progrem is dynamic {not circuler) because it has no end pointer §

SECTIONB
B1
mark available for modifying the

OB

(or equivalent codej:

CurrentTail

Quepehtead = Addediicde;

s
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B B3

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

Marks can be awarded for:

« handling null pointers
e setting the head of the queue to be the ta
= advancing the tail pointer while t%

length of 1)

Jeans with lists of leng
e nodes in the fist {which w

« keeping arun W many nodes were found
“ '~ dccurately
E B4

& marks available for modifving the code as shown (or equivalent code):

Marks could be awarded for:
e adding a previcusNode atiribute to the Node dass
e setting the previcusiode attribute according to a parameter passed into
#  modifying the adgvalue procedure to correctly set the previocusNode at}

In Node . cs: [0 marks] for this:

i1 mark] for this:

)
%
R
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i1 mark] for this:

wold SetPresd - ipdatedPrevious)

Previcusiode = UpdatedPreviosus;

In Queue.cs

11 mark] for this:

Ry

eifiodeIndex + AL

B B
6 marks avalable for modifying the code as shown {or equivalent code):
{2 marks} for successfully producing the GetNaodedt (n) function:

)

o,

at
Quantityifiodesid;
b3
13

b
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y procedure handling short gueues effectively AND robu

\

ot

m

“

i3 marks] for the 21

ing pointers

nosen

csition

agForward

3

bmplex job of handl

us (B

3w
A

L

b SEtE

5

tard

ater

SeiPoi

P

W34

R )

ey
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# B
9 marks available for modifying the code as shown (or equivalent code):

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

GueusHead = Brim,

3
E

ingForward. GetPointer] j. GetPravicus{iy;

o 5

1 ®Erating correctly (OUTER loop)
« [1] foriterating correctly (INNER loop)
e [1} for swapping effectively

gePointer»EnddfSar

tvalusi

Walust 3y

Tevalue Rightvalued » &) 7

C# Exercises for A Level Page 24 of 78

COPYRIGHT
PROTECTED

i

29

‘EducoﬂOné




T mark for:
Line 13 of Board.cs

B A2

T mark for 1 example in each line !
B Line 7/8

5, Piece.cs Line 14/15
gne 21, Piece.cs Line 22/27

Declared: Board.cs |

B AZ

T 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

.. s0 to protect programmers 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 poinit of need [1], ... but it ¢
because all pieces will be initialised without being kinged [1] and the king=false set}

B AS
T mark per point; must include first point:

Option 2 is correct [1 — essentj

The board isa2D arr jjects, many of them null pointers {1}

image of thi

B AE

T mark per point:

is] thelr position, we would have to be able to iterate thy
4 and this would require them to be in a data structure anyway

%
3

e The main method constructs a new Board object; only one for one game:

s  The display () method of this one board is called from within the mai

e 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 various rows of the board are iterated through using the GatlLangt
rows there are...

e .. and within each row the columns are iteratively visited by using the ¢
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

. haracter code R
acters. All rows end
amed GetColour () of th

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 throughs:

readability/maintainability.

C# Exercises for A Level Page 25 0f 78
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B A8

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

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

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

B AS

2 marks (1 mark for explaining what |

ark for explaining why mhez:«éﬁ
relating it to draughts); for e 5

K&s on the functionality of a different class. it is us
®8 i-unultiple classes share the same data or methods. Here, it ¢z
specialised v \--’"of a playing piece with some unique attributes arid methods w
existing Piece class.

B AlO

3 marks {1 mark for explaining what a function is, 1 mark for explaining what a pr Z
what @ method is):

A function is a subroutine that returns a value, whereas a procedure is a subrouting
meathod is a subroutine that is part of & certain class (s method can be either a fury

B ANl

2 marks {1 mark for explaining that a class is a template used to define objects; 1 m\
an existing instance of a class):

A class is a template of what attribute and methods are nee
that class that has its own concrete attributes. Her

&iined in their class from w

23

¥ {{{row + ool) 8 2) == &) S W
¥
i
¥ d £ Py, 8
Weited™ 1Th: &4
kS
F
ging 3T (DreuchtsBeardlroe. woll f= ol

g B2

T mark available for modifying the code as shown (or equivalent code}:

s

ES

v, 7] DraughtsBosrd;
BoardSizes &7 W2

1 mark for the constructor:

C# Exercises for A Level Page 26 of 78
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B B3
2 marks available for madifying the code as shown (or equivalent code):

T mark per meaningful line:

B B4

= [1] returning the piece at the position given by the input list, applying s
e [1] checking for nulls and white squares in the DisplayPieceat meth
[1] displaying the contents of all squares with pieces on them appropriat

&

InBoard.cs:

LHOER
2]

]
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COPYRIGHT
PROTECTED

i

29

‘EducoﬂOné




B BE

2 marks for the TurnNumber work:

d UpdateTurniunber{}

Turniiusberdd;

10 marks for validating the move attempted:
Marks could be awarded for:

®

&

®

creating a validMove function that returns True if a given move by & givers;s:s
returning False if there is no piece at the start position 0 move
returning Folse if the end position is not on the board :
returning False if the player tries to move a token non-diagonally or more t
returning False if the end position is not empty
returning False if the player tries to move a token two snaces without taking

handling non-integer input
checking for the existence of a ni

i¥{PieceToBedoved == null}

C# Exercises for A Level Page 28 0of 78
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B B

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

Marks could be awarded for:
« handling null pointers at vacant squares
=  returning True when Black is found on a black square on Black’s turn
e returning True when Red is found on a black square on Red'’s tut
returning False in other cases
suitable console output

b3
3
E

Y+ Row o+ CLT 4
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B BY

8 marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for:

£

creating a GetMove function that returns start and end positions as a pag
by player input is valid

getting a start position and an end position from the tiser
checking whether or not the move is valid
asking the user for new input if the mr¢
displaying appropriate messa ‘
amending TurnNumks
sensible out

dnaffected by an invalid move

Ao

£n Y
F {Eradfow 2

o
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In Program. cs: Test code:

B B8
6 marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
= creating a CheckWon function that returns either the playing piece colo
empty string if no player has won
#« calling CheckWon after each move
e creating a game loop that exits
= alternating turns betwee
e displaying a meggat

nd of the game to say which player has wor;
GetMove to remove a piece :

[

ey

avendiye ey
FETAST
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Removing a piece (in Board.cs)

v, S5 EndRos

B B8

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

Marks could be awarded for:

®

&

correctly placing this after the move has taken place
checking the turn and the end row criteria simultaneously
treating Red differently in case of a different-sized board
calling the amended SetKing () method

C# Exercises for A Level Page 36 of 78
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SECTION A
B A
T mark each:

e

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

B A2
1 mark for:

Line

B A3

B AL

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

es can have a maxirmum of two s
fave any number of child nodes}):

The nodes i

25

] swail have a maximum of two child nodes, whereas any i
¢nild nodes. :

B AL

T mark for explaining encapsulotion and 1 mark for relating it to Node:

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

B AB

T mark for each: COPYRIGHT
Tree, Node, int/integer, String/string. PROTECTED
B A7

T mark for:

GrezkTree.GetRoot().GetRight().G

i

B A8

2 marks (1 4

29

‘EducoﬂOné

L)

An exceptionggs
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B AY
T mark for giving the correct depth-first {post-order) tree traversal:
4,2,3,1

B AIQ
T mark for giving the correct depth-first (pre-order) tree traversal;
1,2,4,3

B Al

T mark for giving the correr order) tree traversal:

1,234

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

in Neode . cs:

C# Exercises for A Level Page 38 of 78
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B B2
T mark for instantiating the new nodes; 3 marks for assembling the tree:

In Program. cs:

a
A
ot

-

o
[P

B T e I )
5

] “
Epsil: gal;
Ets.o

- - Y
Eta.5 fat a3

B B3

T mark for instantioting o new Tree, T mark for instantiating both Gold and Shoe, ¥ '

Shoe into the new Tree correctly, 1 mark for correct output:

r

5 odifying the code as shown (or equivalent code):

Marks are aw®ed for:

» creating a PostOrderTraversal procedure that takes a Node object as:
s implementing the IF structure correctly to handle null values (leaf 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

C# Exercises for A Level Page 39 of 78
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B B5
5 marks available for modifying the code as shown (or equivalent codej:

Marks are awarded for:
s creating a PreOrderTraversal procedure that takes a Node object as iy
¢ implementing the IF structure correctly to handle null values {leaf nodes):
s performing a recursive call by passing the left/right nade
displaying all values in the tree in the correct « depth-first, pre-of

ety

eopd

gt

® BE

raversal procedure that takes a Node object as ing

® perf"o“r‘rﬁi'ng a recursive call by passing the left/right node :
= displaying all values in the tree in the correct order for depth-first, post-¢
e appropriately modifying the main program procedure

IndrderTraver

e

oS

AssortedTres, Getlo

C# Exercises for A Level Page 40 of 78
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B BY
7 marks available for modifying the code as shown (or equivalent code):
Marks could be awarded for the bullets shown:

®

®

[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 tree passe

L]

['the nodes in the list

Output the value found at each node
» If the node has a left/right node further down the tree, a

o [1] Having visited all this lavel's nodes, set the next tevel's list to

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

Nodes&tiextiovel Add{MNodecdThistevel {pointer Getlefe ]

C# Exercises for A Level Page 41 0f 78
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B B8

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

e [1] taking in three parameters: intf], int, int

s [1] handiing null, length=0 and Lo>Hj

# [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

o
e [1] V¥ calls the method

e [1] Main performs all four traversals

onstructBl
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# BIO

3 marks per correctly sorted program:

[}

#® 8N
6 marks for the AddNode method developed from the breadth-first traversal meth

Marks are awarded for
e [11 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
® [1] retaining the FOR loop

e [2] adding the two ELSE blocks which i statements

5 marks for the correct code in the

Marks are awarded fo
3 r more new nodes to AssortedTree
+ [1]%¢ hg and initialising a new BST

e [1] deriving the BST values from AssortedTree

+ [1] outputting all four traversals

e [1] correciness — the in-order traversal should be SORTED
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1 mark for:
Line 100

B A% ’{i
1&
Z2marks (Tn Wv

A public attnbute is a (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 entira class, meaning that yo

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

B Ak
T mark for each appropriote comment giver:

Frogram.cs Line 30:

A new edge { 1is built

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

... one-way only [1]

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

B AS
T mark for each appropriate comment
Graph.cs Lines 16-19:
A new graph ig W\ad 2

B AB

10 marks {1 mark per useful point):

) g suitable definition; 1 mark for giving a valid reason to use pr

1. The method takes in one nade and returns its closast node. {1]

2. lfthe node passed in as a parameter is null, return Null immediately, [1]

3. ifthe node sits on its own and there are no edges in the digraph, then re
4. Next, the program iterates through all of the edges in the digraph and bu

are connected directly to the node being investigated {NodeToCheck). |
called EmanatingEdges and checks two possibilities:

a. that the start node along that edge is the one being investigatad

b. that the end node along that edge is the ong.weing investigated,

one-way edge, in which case it wot, nt to include it |

5. In the event that none of the ed sorary list (EmanatingEdg

investigated, a Null is ret

6. Otherwise, the = tiy output the temporary list of ali of the

7. It will tegn itz n the list of edges and continuously overwrite t

edge it finds to be shorter than previous ones. i1} in orde

% N\j Edge variable with a high integer value so that any further cony

than this. [1] ‘

8. To determine the node to be returned from this function, it checks if the r\

(NodeToCheck) is at the beginning of the adge, in which case it returns &
Otherwise, it returns whichever node is at the beginning of the
edge. {1]
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e exists as a meaningful answer.;;

COPYRIGHT
PROTECTED

i

29

‘EducoﬂOné




B A7
T mark for each of the following:
1. Rectangular shape with three parts for: class neme, attributes, methods §

2. Class name = Edge [1} '
3. Attributes = StartNode, EndNode, Distance, OneWay [1]. Data types shows

4. Methods = 4x Get, 4x Set, Visualise [1]

ut all atiributes a\

Canstructors can be omitted. Visibility settings can_ :
ts can be omitted.

public, indicated by —and + respectively b

Edge
- StartNode: Node
- EndNode: Node

- Distance: int
- OnaWay: boao!

+ GetStartNodel)
+ GetEndNode()
+ GetDistance()
+ GetOneWay()
+ SetStartNode()
+ SetEndMNode()
+ SetDistance()
+ SetOneWay()
+ Visualise(}

B AB
2 marks (1 mark for explaining what a graph |

laining the features E

es and a set of edges that con
odes are connected by more than o

A graph is a data type that consis
A tree graph contains no o

# AS
T mark for eXg5g#"g the purpose of Dijkstra's shortest path algorithm:

Dijkstra's shortest path algorithm is used to find the shortest path between two noc{\‘s

#® A0
4 marks (1 mark for describing how all edges from the start node are checked: T mas;
fo 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 nod:

visits the closest connected node. The edges connected to the new node are chec:i;

note of the path that was teken o 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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SECTION B
# Bl

T mark available for each part of the modification {or equivalent code):

creating six node objects [1]

-3

creating seven edge objects [1]

creating and populating a graph object with al

setting the start and end nodes as A a

B B2

T mark available for modifying Program.cs gs shown without rewriting any code blc

Page 48 of 78
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B B3

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

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

# 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 F\
. Y ¢ : COPYRIGHT
: v — - PROTECTED
D Y 0 >4 A
£ Vv v
F Y B i
G D
. G 6g
| o > 24 > 20 MINIMUM VALUE FOUND | G Education |
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Section B

MNode Yisited? Shortest Distance to Start Node
A Y {
B V w =>4 A
C \ 0 > 2
D Vv 0 =>14->9
E \Y o >5
F MUM VALUE FOUND
s Se path fromAtol=A B, F I [1]
& Sel '\__;Shortest path fromAtoF=A CED,F [1]

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

T mark for a complete set of accessors and mutators

TableRow.cs
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4 marks for successfully implementing oll parts of the algorithm in C#

T mark lost per area of difficulty encountered, i.e. not achieved
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cessfully implementing all parts of the algorithm

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

& marks for suc

Step (4)
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Stap (5}
& marks for successfully implementing all parts of the algorithm in C#

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

TikstraTablefil.GetRowdodal}) == nuil}

LSema g &V L
SELTEL AT

e

=+ awarded as bonuses for coming up with original extensions/improveme
» awarded for excelient code style even if some areas required assistance
e deducted for very poor coding style

ne main bullet points in the question being fully impi
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B B
3 marks available for a complete, working implementation of the requirements, ev

example shown

Marks are awarded for:
a correct method signature and return statement

the correct deployment of IF and FOR
accurate use of list indexing and method calls

&

RER A 5 TR S
dogetvisitedyy &% Dijxstratabl

gt

B BY
5 marks available for implermenting the code as shown (or equivalent code):

Marks could be awarded for:
[2] finding the relevant nodes which emanate from th
=« [2] isolating only those that have not yet b
e [1] implementing the quick check

ven node in the d

®

uccessful ocutcome

tallEmanstingiodes
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PROTECTED

oty

e,

could & awarded for:

Marks

erating through all rows
appropriately checking for the equality of two objects

it
h

®

&

eration of possible errors

andling the return statement, including consid

®

Page 56 of 78

C# Exercises for A Level



B B
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
& [1] establishing the WHILE loon
[1] using TableRowIn;

#°(NB Line 377 is for testing orily)

3 & 35
isRowindex}.Ge

setDiztancel§;

tiegshoribista

C# Exercises for A Level Page 57 of 78

COPYRIGHT
PROTECTED

9
29

‘EducoﬂOné



et

St

Kk

C# Exercises for A Level

Page 58 of 78

COPYRIGHT
PROTECTED

i

29

Education



SECTION A
B A
T mark for:

GetMove ()

e

B A2
1 mark for:

Class name: Program

W A3 i
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 exacth

B Ad
3 marks for:

All new tiles are, by default, set to be hidden (not revealed) [1]
... and the number of adjacent bombs cannot yet be known, so it defaults to 0 [1]
... but whether it is a bomb or not can be passed in as a parameter [11 '

B AS

8 A7

2 marks (1 mark for explaining how try—catch statements work, and T mark for exploé:
be usefl in this casel:

{1} How it works: Try—catch statements are used to handle errors by attempting tc
running the code in the catch block instead if an error is thrown within the try blog
[1] In this case: If a System.OverflowException arises because negative numbers ar:
program can exit cleanly or request input from the user to prevent it from crashi

B AB

2 marks for:
A list can contain any number of elements, [1]

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

but when working with fists a i

B AD “
Any 2 mark3} 11

While it would still work, [1]

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

... and arrays offer all of the structural features required [1].

)

Lists could perhaps be useful if adding advanced features later such as hidden zon '
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B AID
T mark for writing the correct code:
Arena.Getlength(l};

SECTION B
B

2 Bl
5 marks available for the code as shown (or equ

»  [1] for outputting reveal d
e [1] for outputtln

N

B B2
8 marks available for modifving the code as shown (or equivalent code):

e [1] per correctly functioning accessor method with suitable return type an:
e {1} per correctly functioning mutator method with void return type and o

B B3
16 marks gvailable 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 Ec
# [1] using Rows*Cols-Bombs to make a list of Safe *i! :
» [1] creating an empty shuffled list
s [1] establishing a WHILE loop wi
« [1] implementing randorr‘.
[1 addlng the

ined using AND

sus achieving shuffling)

i@ shuffled list each time

le from the correct list each time 3

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

@ the tiles into the 2D array Arena

« [7] for bwldmg and applying a method for updating the adjacent bomb
the algorithm {described in the task) being achieved
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B B4
8 marks available for modifying the code as shown (or equivalent codej:

Marks could be awarded for:
e [1] displaying B for a bomb
+= [1] displaying a singie digit for how many bombs surround a tile
e [1] for partitioning the rows
s  [1] for partitioning the columns
« [1] for displaying row numbers
e [1] for displaying column num
# [2] forthe DisplayG

od showing ? symbols and spaces
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g B3

& marks avaitable for programiming the GetMave{) function as shown below (or equs

Marks could be awarded for:
«  [1] per DO-WHILE (or alternative} to disallow progress until & valid valu
e [1] per use of TRY-CATCH to intercept invalid data types, max of [2] mark
= [1] for clear outputs to prompt the user throughout ..
[1] for returning an array of two values
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i} Thosenfol »= Tolsis

B B8
&8 marks available for modifying the code as shown (or equivalent cade):

Marks could be awarded for:
e [1]calling GetMove ()

» [1] displaying an appropriate message if the user selects a tile that has al

returning False in this case
= [1] revealing a tile chosen by the user if and only if i

s [1] returning False if a safe tile
# [3] modifying the main_
to reveal tiles ;

ot already been re

SR ety
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From Program.cs:

b
fro

£

fying the code as shown (or equivalent code):

Marks could ¥&awarded for:
s [1] adding a new counter variable as an instance attribute to Board.cs
e [1] adding a getter and setter method for the new attribute
s |

= [1] incrementing the counter variable as part of the Reveal () method

1
1

s [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,

] :
] adding an assignment statement to the constructor o initialise it to 0
]
]
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T mark for:
Line 52

W A2
1 mark for giving a suitable lin

Line 23/ Line 1o,

ey
# A3 o
2 marks (1 mark for any appropriate point made); for example:

in the CenerateNewProductCode method, the result of multiplying the barco

by 10,000 using MOD, so the highest value it could be is 9,999, which means that

result {11,

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

in 0000 [1].
When these two numbers are added, the original category number thus becomes:
digit. [1]

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

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

# AL
I mark for explaining why.2 710t be used; for example:
The Quant

across, whic fficient in terms of time and space.

The data typ'ea-‘a"r'é-all the same (long), so there is no need for the flexihility of cath;%s

B A
T mark for:
File

8 A7

2 marks (1 mark for exploining that a hash function is used to place the data; T ma .

entries is created when multiple daota entries are placed in the same location):

f vartous data tyfi

Ve to change, which would mean constantly creating r\

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 on in the table (i,
data is appended to a list of data entries in that po ‘

NEsEi

B A8

A hash function is & function that produces a value within a certain limited ra

given. The original input cannot be calculated from the output value. The hasky

positions in hash files.
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by 2 marks (1 mark for explaining that g hash function generates collisions as the al,

possible combinations to reduce storage space / table size; 7 mark for explaining ¢
would be very inefficient as all of the unused locations would still need to be avail

lot of memory/rooim):

This phenomenon is called a collision. [1]

A hash function is a function that produces avalu
range of values typically similar to the
number of combinations for the
will be sparsely populat

o AS |
’ <>
2 marks for ¢ &a\»\ ng each term; 2 marks for comparative/contrasting remarks:

aends on the key £
s ritems that need to be ¢
Igorithm generates too wid
be inefficient as that would require ag

Serial files are appended with new data, so it is effectively organised into chronak\'\?

Sequential files have their data inserted at a position determined by the relative pg

some part of the data record can be comparad with the other data records to detg

seguence,

Serial files require less complex insertion operations but can take a long time to sg

N}) are not possible, but linear searches (O(N)) are.

Sequential files require rmore complex insert/delete operations, but they can be ug
performances. Z

8 AlD

8 marks (-1 mark for each data entry not placed correct!

Hash Table Loca Ot

56551,395032849,1299,5,3 38399,43

" Table[2]

Table[3]

Table[4] 84097,373042803,2299,4,3

Table[5]

Table[6]

Table[7] 58306,449598084,599,9,3 45857,94

Table[8] :

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

Table[10]

Table[11]

Table[12] 5849,399,12,7 30000,28

77325,129819233,525,2,0

able[15]

Table[16] 79250,976895865,4450,7,2
Table[l7]
Table[18]
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SECTION B
# Bl

T mark available for commenting out code (using // or /% */) and T mark for crea

precise name giver:

DS Ré’f};ﬂ:ncng

) PR-UE?L&TFELEJA
* Brogram.as

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

Marks awarded for:
e correct methoed signature
s correct implementation of the hashing algorithm

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

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

B B4

code):

Award mark for:
using TRY-CATCH to interc

® parsmg'the individual number strings to turn them into longs
s adding the newly read array to a list of arrays
= returning a list of arrays of long integers
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3 marks availdble for modifying the code as shown (or equivalent cod

in
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B B
& marks available for modifying the code as shown (or equivalent code):

Marks could be awarded for:
s declaring and creating a HashTable variable with the correct data type
#«  pre-populating the HashTable with 19 empty lists ,
s calling the existing ReadInOldTextFile () method to gather data frorﬁ{:
# finding the hash value for that row 5
e inserting the row into the correct list i
= returning the whole HashTab

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

Marks could be awarded:
¢ forcalling InitiallyPopulatelashlile to build 8 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
e for iterating through ell elements in the list on each row
s [4] for successfully converting arrays to strings COPYRIGHT
« for delimiting the different products using the ‘>’ character... PROTECTED
e for ... except at the end of a row 5
+ for adding the line to be written to the array of
= for opening the file to write all the dat
e for using TRY-CATCH to int
= for a method call frc

(that will be pushe}z

Githg exceptions

i

29

‘EducoﬂOné
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B B8
3 marks available for modifying the code as shown (or equivalent codej:

Marks could be awarded for:
s [1] passing HashT in as @ parameter
# [1] no longer declaring HashT inside the method

s [1] removing the call to other method (ITnitiallyPopulateHash?i

[

St

#® BY

8 marks available for modifying the code as shown (or equivalent codej:

Mearks could be awarded for:
= [1] for initialising a blank hash table structure as a list of lists of long int
s [1] for accessing the file and pulling in all data (e.g. using ReadallLin
# [1] for applying TRY-CATCH to the file read operatic
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I mark for:
it performs EXCLUSIVE OR on the bits of both operands.

B A2

1 mark for:
Line 9

mark for explatning that the function returns False if it fails to convert the vaiue):

The Teint function iries to convert the value into an integer. if the value canbe ¢
integer and the function returns True. Otherwise, if the value cannot be converted:

CATCH block executes and the function returns False.

B A4

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

32+41-%4/

8 AL

2 marks for giving the correct expression (1 mark if the given expression s only para‘;{a;‘

ignore redundant brackets:
d+5*B-2/1

B AS
T mark for each point up to a maxi

{1] It is a FILO (First- In L {Last-In, First-Out) data structure.

[1] hems aregg n to the top of a non-full stack.

{11 ltems ard - removed from the top of a non-empty stack.

[1] Cther iters@®ythe stack are inaccessible until they are at the top of the stack. :
i1} A stack pomter 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 partis
63-2* 5
B AS

2 marks for giving the correct expression (1 mark if the given expression is only parf%fi

ignore redundont brackets:

6-3)%2

B AD

6 marks (1 mark for each operator that has be; Q
correct child nodes; 1T mark for eac has its

child nodes in the correct ordg Id node being

the first operand qzv
second opei 'l}i

nt chtld node being the O O

GO

B AlO

& marks {1 mark for each operator that has been given the correct child nodes; 1 mc:

¥ explaining that if the given value can be converted into an integsis:;

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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SECTION B

# 81
2 marks available for modifving the code as shown (or closely eguivaient code):

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

B B2
5 3
#¥or modifying the code (as shown below or closely equivalent cody,

{1] per correctly written line

# B3
2 marks avaifable for modifying the code (as shown below):

e {1} for foreach stepping through Elements
= [1] for calling the varable ltem

teagh
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B B
17 marks available for modifying the code as shown {or equivalent code):

Marks could be awarded for: ;
e [2] for the correctly implemented IF statement, [1] of which is for the corr
» [1] for using the Add method to push to the OpStack stack/list ‘
s [1] for correctly phrased ELSE IF and its condition
# [1] for setting up the WHILE loop correctly, with
e [1] for implementing a pop operation o
= [1] for IF statement dealing with.s
® [1] for ELSE part cont
e [1] for IF block
= 1T Rl

or pre-set to null
iwo lines of code
by pushing Operator to &

B

LSE

-
>
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—
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o
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.
&
o
<
C
%

VY wipm —o 08§ 41 mettim —o Ban §§ & A oo
P Item == " i} {{ilastlp == "+ {{ Lastlg ==%

B BY
4 marks gvailable for modifying the code as shown (or equivalent code):
Marks could be awarded for:

« [1] descending counter implemanted in FOR loop
« [1] starting at final elernent of OpStack
e [1] for pushing to Stack

L]

[1] for popping from OpStack
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B B8

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

Marks could be awarded for:
@« {1} for calling DisplayListCfFElements to show results
e [1] for calling ConvertToPostifx to show results
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