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Section A

1 The temperatures of an ocean are input into a computer system. They are recorded, and will be 
accessed, in the order in which they arrive. The data for one week is shown:

5, 5.5, 5, 6, 7, 6.5, 6

 (a) The data is to be stored in a data structure. The programmer stores the data in a queue. 

  Explain why a queue is used instead of a stack.

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

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

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

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

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

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

[2]

 (b) The data is processed. After processing, the value for the first day is stored as 0. The value 
for each following day is stored as an increase, or decrease, from the first day. 

  For example: if the first day was 7, the second was 6 and the third was 9, after processing it 
would be stored as 0, –1, 2.

  (i) The queue uses dequeue() to return the first element of the queue.

   dequeue() is a function. 

   Explain why dequeue() is a function, not a procedure.

[1]

  (ii) Complete the algorithm to process the data in the queue and store the results in an array 
called processedData.

   processedData[0] = 0

   firstDay = ………………………………………

   for count = 1 to 6

       processedData[………………………………] = dequeue() – …………………………………

   next count
[3]
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  (iii) The contents of processedData are shown.

0 0.5 0 1 2 1.5 1

   The data needs to be sorted into ascending order.

   Explain how a bubble sort algorithm sorts data. Use the current contents of 
processedData in your explanation.

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]
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  (iv) A bubble sort has the following complexities: 

Best time O(n)

Average and worst time O(n2)

Worst space O(1)

   Describe what each of these complexities mean.

   Best time O(n)

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

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

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

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

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

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

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

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

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

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

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

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

   Average and worst time O(n2) 

   Worst Space O(1) 

[6]
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2 A program needs to store the names of plants that are in a garden, so they can be easily found 
and accessed in alphabetical order.

 The data is stored in a tree structure. Part of the tree is shown.

Begonia Hosta
Peony

Daisy Sunflower

Rose

Lily

Fig. 2.1

 (a) (i) State the type of tree shown in Fig. 2.1.

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

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

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

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

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

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

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

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

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

[1]

  (ii) Show the output of a breadth-first traversal of the tree shown in Fig. 2.1.

[3]
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  (iii) Explain how backtracking is used in a depth-first (post-order) traversal. Use the tree in 
Fig. 2.1 in your explanation.

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

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

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

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

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

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

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

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

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

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

 .....................................................................................................................................[4]

 (b) The elements in the tree in Fig. 2.1 are read into a linked list producing an alphabetised list.

  (i) Complete the following table to show the linked list for the data. 

Data 
item Data NextPointer

0 Begonia

1 Daisy

2 Hosta

3 Lily

4 Peony

5 Rose

6 Sunflower

[2]
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  (ii) A new plant, Lavender, needs adding to the linked list. The linked list needs to retain its 
alphabetical order.

   Complete the table to show the linked list after Lavender is added.

Data 
item Data NextPointer

0 Begonia

1 Daisy

2 Hosta

3 Lily

4 Peony

5 Rose

6 Sunflower

[3]

  (iii) Hosta needs removing from the linked list.

   Explain how a data item is removed from a linked list. Use the removal of Hosta in your 
answer.

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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  (iv) The linked list is stored as a 2D array with the identifier plantList. The index of the 
first element of the linked list is stored in the identifier firstElement.

   All contents of the linked list need to be output in alphabetical order.

   Write an algorithm to follow the pointers to output the contents of the linked list in 
alphabetical order.

   Add comments to explain your code.

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]
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3 A recursive function, GCD, is given in pseudocode.

 function GCD(num1, num2)

     if num2 == 0 then

              return num1

     else

              return GCD(num2, num1 MOD num2)

     endif

 endfunction

 (a) The function uses branching.

  (i) Identify the type of branching statement used in the function.

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

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

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

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

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

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

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

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

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

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

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

[1]

  (ii) Explain the difference between branching and iteration.

[2]

  (iii) Identify the two parameters in the function.

1

2 
[1]

  (iv) State whether the parameters should be passed by value, or by reference. Justify your 
answer.

[2]
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  (v) Describe the arithmetic operation of MOD. Use an example in your answer.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[2]

 (b) Trace the recursive function when it is called by the statement GCD(250, 20). Give the final 
value returned.

Final return value: .
[3]

 (c) The function has been rewritten using iteration instead of recursion.

  (i) State one benefit and one drawback of using iteration instead of recursion.

Benefit 

Drawback 

[2]
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  (ii) Complete the missing statements in this iterative version of the function.

   function newGCD(num1, num2)

    temp = 0

    while (num2 != ………………………………

………………………………

………………………………

………………………………

)

      = num2

     num2 = num1 MOD 

     num1 = temp

    endwhile

    return 

   endfunction
[4]

4 Mabel is a software engineer. She is writing a computer game for a client. In the game the main 
character has to avoid their enemies. This becomes more difficult as the levels of the game 
increase. 

 (a) Mabel uses decomposition to design the program.

  Explain how decomposition can aid the design of this program.

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

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

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

 .............................................................................................................................................. [2]

 (b) The computer game allows a user to select a character (e.g. name, gender). They can then 
choose a level for the game (easy, normal, challenging). The user controls their character by 
moving it left or right. The character can jump using space bar as an input. If the character 
touches one of the enemies then it loses a life. The character has to make it to the end of the 
level without losing all their lives.

  The game is designed in a modular way.
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  (i) One sub-procedure will handle the user input.

   Describe three other sub-procedures Mabel could create for the given game description.

1 .........................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2 

3

[6]

  (ii) Describe the decision that the program will need to make within the user input sub-
procedure and the result of this decision.

[2]

  (iii) Define pipelining and give an example of how it could be applied in the program.

[2]
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 (c) The game’s ‘challenging’ level has intelligent enemies that hunt down the character in an 
attempt to stop the user from winning. The program plans the enemies’ moves in advance to 
identify the most efficient way to stop the user from winning the game. 

  The possible moves are shown in a graph. Each node represents a different state in the 
game. The lines represent the number of moves it will take to get to that state.

A
B E

F G

H
D

C

2

1
4

1

3

1
2

2

4

  Show how Dijkstra’s algorithm would find the shortest path from A to H.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (d)* Mabel has been told that true programmers write programs in a text editor, and do not use 
IDEs. Mabel does not agree with this statement.

  Discuss the use of an IDE in the development of this program.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [9]
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5 A 1-dimensional array stores the following data:

Index 0 1 2 3 4 5

Data 2 18 6 4 12 3

 (a) The array needs sorting into descending order. 

  Describe how a merge sort would sort the given array into descending order.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[6]

 (b) An insertion sort can be used to sort the array instead of a merge sort.

  Explain why an insertion sort might use less memory than a merge sort.

[2]
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6* Benedict runs a social networking website. He has been told he should use data mining to help 
him enhance and improve his website.

 Evaluate the use of data mining to help Benedict enhance and improve his social networking 
website.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [9]
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Section B

7 A program is needed to plan the layout of a garden. 

 The program will allow the user to create an image of the garden, for example:

Vegetable bed

Flower bed

Path Patio

Pear
tree

Pear
treeApple

tree

 (a) The programmer will use abstraction to produce the program interface to represent the 
garden.

  (i) Give two different examples of how abstraction has been used to produce the layout of 
the garden.

1 .........................................................................................................................................

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

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

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

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

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

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

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

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

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

2 

[2]

  (ii) Explain the need for abstraction in the production of this program.

[3]
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  (iii) The user needs to input data into the program to set up their garden layout.

   Identify three pieces of data that the user may input into this program.

1 .........................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2 

3 

[3]

 (b) The program is to be built using object oriented programming. 

  All items that can be added to the garden are declared as instances of the class GardenItem.

  The class has the following attributes:

Attribute Description Example

itemName The name of the item Flowerbed

length The length of the item in metres 2

width The width of the item in metres 1

  (i) The constructor method sets the attributes to values that are passed as parameters.

   Write pseudocode or program code to declare the class GardenItem and its constructor. 
All attributes should be private and initialised through the constructor (e.g. daisies = 
new GardenItem("Flowerbed",2,1) ).  [4]
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 ...........................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  (ii) The trees in the garden layouts are defined by the class Tree. This class inherits from 
GardenItem.

   The class Tree has the additional attributes: height, sun, shade. 

   If sun is true then the tree can grow in full sun, if it is false then it cannot. 

   If shade is true then the tree can grow in full shade, if it is false then it cannot. 

   The length and width of a tree are the same. Only one value for these measurements is 
passed to the constructor.

   Write an algorithm, using pseudocode or program code, to declare the class Tree. 
Declare all attributes as private.

[5]
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  (iii) The Common Oak is a type of tree. It has a maximum height, length and width of 40 m. 
It can grow in sun and shade.

   Write a statement, using pseudocode or program code, to declare an instance of tree for 
the Common Oak. Give the object the identifier firstTree.

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

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

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

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

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

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

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

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

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

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

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

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

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

[4]

  (iv) The classes GardenItem and Tree use get and set methods to access and alter their 
private attributes.

   Write the get method getItemName and set method setItemName for class 
GardenItem. The set method takes the new value as a parameter.

   Do not write any other methods, or re-declare the class.

[4]
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  (v) The trees in the garden layouts are stored in a 1-dimensional array, treeArray. The 
array can store a maximum of 1000 items. The array has global scope.

   A procedure, findTree, takes as parameters:

•	 The maximum height of a tree
•	 The maximum width of a tree
•	 Whether the tree can live in full sun
•	 Whether the tree can live in full shade.

   It searches the array, treeArray, for all trees that do not exceed the maximum height 
and width, and that can grow in the conditions available. If there are no suitable trees, a 
suitable message is output.

   It outputs the name and details of the trees found in an appropriate message.

   Call the get methods, getItemName, getHeight, getWidth, getSun, getShade, to 
access the attributes.

   Write, using pseudocode or program code, the procedure findTree.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [6]
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 (c)* The programmer is designing the program to make use of caching and re-useable 
components.

  Explain and evaluate the use of caching and re-useable components in the design of the 
garden program.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [9]
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2
Section A

Answer all the questions.

1 A program stores entered data in a binary search tree.

 The current contents of the tree are shown:

Spain

NorwayGermanyAustria

Italy

France

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

  England, Scotland, Wales, Australia [3]
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 (b) Show the order of the nodes visited in a breadth first traversal on the following tree.

Spain

NorwayGermanyAustria

Italy

France

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…...…………………………………………………………………………………………………

 

[3]
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 (c) A pseudocode algorithm is written to search the tree to determine if the data item “Sweden” is 

in the tree.

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

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

 function searchForData(currentNode:byVal, searchValue:byVal)

       thisNode = getData(……………………………………………………………………………………………………………)

       if thisNode == …………………………………………………………………………………………………………… then

            return ……………………………………………………………………………………………………………

       elseif thisNode < searchValue then

            if currentNode.left() != null then

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

            else

                 return ……………………………………………………………………………………………………………

            endif

       else

            if ……………………………………………………………………………………………………………  != null then

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

            else

                 return false

            endif

       endif

 endfunction

  (i) Complete the algorithm.

[5]

  (ii) The algorithm needs to be used in different scenarios, with a range of different trees.

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

1 .........................................................................................................................................

.........................................................................................................................................2 
 [2]
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6
2 A company merger is joining five e-commerce retailers under one company, OCRRetail. Each 

retailer has a different sales system and OCRRetail wants to develop one computer system that 
can be used by all the retailers.

 
 Mary’s software development company has been employed to analyse and design a solution for 

the company.

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

   State what is meant by problem recognition and decomposition.

Recognition ........................................................................................................................

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

Decomposition ...................................................................................................................

 ...................................................................................................................................... [2]

  (ii) State one additional computational method.

 ...................................................................................................................................... [1]

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

  (i) Define the term ‘data mining’.

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

 ...................................................................................................................................... [1]

  (ii) Identify two pieces of information that data mining could provide OCRRetail about sales, 
and state how OCRRetail could make use of this information.

1 .........................................................................................................................................

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

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

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

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

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

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

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

2 

[4]
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 (c) Mary has developed the program and is considering using performance modelling before 
installing the system.

  (i) Define the term ‘performance modelling’.

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

 ...................................................................................................................................... [1]

  (ii) Identify one way performance modelling could be used to test the new system.

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

 ...................................................................................................................................... [1]

 (d) Mary created the program as a series of sub-programs that can be reused.

  Describe one benefit of Mary creating reusable program components.

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

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

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

 .............................................................................................................................................. [2]
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3 A puzzle has multiple ways of reaching the end solution. Fig. 3 shows a graph that represents all 

possible routes to the solution. The starting point of the game is represented by A, the solution is 
represented by J. The other points in the graph are possible intermediary stages.

Fig. 3

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

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

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

 ...................................................................................................................................... [1]

  (ii) Explain how the graph is an abstraction of the problem.

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

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

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

 ...................................................................................................................................... [2]

  (iii) Identify two advantages of using a visualisation such as the one shown in Fig. 3.

1 .........................................................................................................................................

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

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

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

2 

[2]
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 (b) Demonstrate how Dijkstra’s algorithm would find the shortest path to the solution in Fig. 3.

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [7]
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 (c)* The creator of the puzzle has been told that the A* algorithm is more efficient at finding the 

shortest path because it uses heuristics.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [9]
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 (d) A computer program version of the puzzle is to be developed. A programmer will use an IDE 
to debug the program during development.

  Describe three features of an IDE that help debug the program.

1 .................................................................................................................................................

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

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

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

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

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

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

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

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

2 

3 .................................................................................................................................................

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

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

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

 [6]
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 ..............................................................................................................................................

 

4 A recursive function, generate, is shown.

 function generate(num1:byval)
     if num1 > 10 then
         return 10
     else
         return num1 + (generate(num1 + 1) DIV 2)
     endif
 endfunction

 (a) Trace the algorithm to show the value returned when generate(7) is called. Show each 
step of your working.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]

 (b) The parameter, num1, is passed by value.

  Explain why the parameter was passed by value instead of by reference.

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

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

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

[2]
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 (c)* Parameters can be used to reduce the use of global variables.

  Compare the use of parameters to global variables in recursive functions.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [9]
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 (d) A student called Jason writes a recursive algorithm. The recursive algorithm uses more 

memory than if Jason had written it as an iterative algorithm.

  Explain why the recursive algorithm uses more memory than the iterative algorithm.

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

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

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

 .............................................................................................................................................. [2]
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5 A computer program stores data input on a stack named dataItems. The stack has two sub-
programs to add and remove data items from the stack. The stack is implemented as a 1D array, 
dataArray.

Sub-program Description

push() The parameter is added to the top of the stack

pop() The element at the top of the stack is removed

 The current contents of dataItems are shown:

6

15

100

23

 (a) Show the contents of the stack dataItems after each line of the following lines of code are 
run

  01 push(13)
  02 pop()
  03 push(10)
  04 push(20)

 Line 01 Line 02 Line 03 Line 04 Line 01 Line 02 Line 03 Line 04

6

15

100

23

 [4]
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 (b) The main program asks a user to push or pop an item from the stack. If the user chooses 

‘push’, the data item is added to the stack.  If the user chooses “pop”, the next item is removed 
from the stack, multiplied by 3 and output. 

  The main program is shown:

  01 userAnswer = input("Would you like to push or pop an item?")
  02 if userAnswer == "push" then
  03     push(input("Enter data item"))
  04 else
  05     print(pop() * 3)
  06 endif

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

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

push() ..............................................................................................................................

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

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

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

pop() ................................................................................................................................

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

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

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

 [4]

  (ii) The algorithm does not work when the user enters "PUSH" or "Push". The algorithm 
needs to be changed in order to accept these inputs.

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

Line number .......................................................................................................................

Change ...............................................................................................................................

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

 [2]


If userAnswer == “push” OR “PUSH” OR “Push”
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 (c) The stack is implemented as a 1D array, dataArray.

  Describe how a 1D array can be set up and used to push and pop items as a stack.

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

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

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

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

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

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

 

[3]
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 (d) As an array, the data in dataArray is sorted and then searched for a specific value.

  (i) The data in dataArray is sorted into ascending order using an insertion sort.  

   The current contents of dataArray are shown:

100 22 5 36 999 12

   Show the steps of an insertion sort on the current contents of the array dataArray.

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]
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  (ii) The array dataArray can now be searched using a binary search.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [7]
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  (iii) The array has 50 items.

   The function, searchItem(), performs a linear search for a data item.

   function searchItem(dataItem)
       for count = 0 to 49
           if dataArray[count] == dataItem then
               return(count)
           endif
       next count
       return(-1)
   endfunction

   Rewrite the function using a while loop.

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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Section B

Answer all questions.

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

 For each item, the program needs to store:
• Item name (e.g. Box)
• Cost (e.g. 22.58)
• Date of arrival (e.g. 1/5/2018)
• Transferred (e.g. true)

 The items are added to a queue for processing.

 The queue is defined as a class, itemQueue. 

itemQueue

theItems[10] : Items
head : Integer
tail : Integer
numItems : Integer

constructor
enqueuer()
dequeuer()
setnumItems()
getnumItems()

 The head attribute points to the first element in the queue. The tail attribute points to the next 
available space in the queue. The numItems attribute states how many items are currently in the 
queue.

 (a) The data about the items can be stored using either a record structure, or as objects of a 
class.

  (i) Explain the similarities and differences between a record and a class.

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

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

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

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

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

 ...................................................................................................................................... [3]
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  (ii) Kamran chooses to use a record structure to store the data about the items.

   Record structures may be declared using the following syntax:

   recordStructure recordstructurename
       fieldname : datatype
       …
   endRecordStructure

   Complete the pseudocode to declare a record called items.

   recordStructure …………………………………………………………………………….

       itemName : …………………………………………………………………

       …………………………………………………….……………: Currency

       …………………………………………………….……………: Date

       transferred : …………………………………………………….……………

   endRecordStructure

 [5]

  (iii) New records may be created using the following syntax:

   recordidentifier : recordstructurename
   recordidentifier.fieldname = data
   …

   Write a programming statement to create a new item, using the identifier ‘box1’, with the 
item name “Box”, the cost 22.58, date of arrival 1/5/2018 and transferred true.

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

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

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

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

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

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

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

 ...................................................................................................................................... [3]
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 (b) The array, theItems, stores the items in the queue. When the tail of the queue exceeds the 
last element in the array, it adds a new item to the first element if it is vacant.  

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

Index 0 1 2 3 4 5 6 7 8 9

Element Data Data Data Data Data Data Data

  (i) Define the term ‘queue’.

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

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

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

 ...................................................................................................................................... [2]

  (ii) The attributes in itemQueue are all declared as private.

   Explain how a private attribute improves the integrity of the data.

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

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

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

 ...................................................................................................................................... [2]

  (iii) The constructor method creates a new instance of itemQueue and sets the head, tail 
and numItems attributes to 0.

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

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

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

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

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

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

 ...................................................................................................................................... [2]



24
  (iv) The enqueue method:

•	 takes as a parameter the item to insert in the queue
•	 checks if the queue is full
•	 reports an error and returns false if the queue is full
•	 does the following if the queue is not full:

o adds the item to the array at the tail position and adjusts the pointer(s)
o returns true

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

   Write an algorithm, using pseudocode or program code, for the enqueue method.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [6]
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  (v) Write a programming statement to declare an instance of itemQueue called myItems.

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

 ...................................................................................................................................... [1]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]
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  (vii) When the main program ends, the items and the queue no longer exist.

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

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

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

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

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

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

 ...................................................................................................................................... [2]

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

  Evaluate the use of caching and concurrent processing in this scenario and make a 
recommendation to Kamran.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [9]

END OF QUESTION PAPER 
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a
n
d

id
a
te

s
’ a

n
s
w

e
rs

, b
u
t b

e
 p

re
p
a

re
d

 to
 re

c
o
g

n
is

e
 a

n
d

 c
re

d
it u

n
e

x
p

e
c
te

d
 

a
p
p

ro
a

c
h

e
s
 w

h
e
re

 th
e
y
 s

h
o
w

 re
le

v
a

n
c
e

.  
U

s
in

g
 ‘b

e
s
t-fit’, d

e
c
id

e
 firs

t w
h

ic
h

 s
e

t o
f B

A
N

D
 D

E
S

C
R

IP
T

O
R

S
 b

e
s
t d

e
s
c
rib

e
s
 th

e
 o

v
e

ra
ll q

u
a
lity

 o
f th

e
 a

n
s
w

e
r. O

n
c
e

 th
e
 b

a
n

d
 is

 lo
c
a
te

d
, a

d
ju

s
t 

th
e
 m

a
rk

 c
o

n
c
e

n
tra

tin
g

 o
n

 fe
a
tu

re
s
 o

f th
e
 a

n
s
w

e
r w

h
ic

h
 m

a
k
e
 it s

tro
n
g

e
r o

r w
e

a
k
e

r fo
llo

w
in

g
 th

e
 g

u
id

e
lin

e
s
 fo

r re
fin

e
m

e
n
t.  

  
H

ig
h

e
s
t m

a
rk

: If c
le

a
r e

v
id

e
n

c
e
 o

f a
ll th

e
 q

u
a
litie

s
 in

 th
e
 b

a
n

d
 d

e
s
c
rip

to
rs

 is
 s

h
o
w

n
, th

e
 H

IG
H

E
S

T
 M

a
rk

 s
h

o
u

ld
 b

e
 a

w
a

rd
e

d
.  

 
L

o
w

e
s
t m

a
rk
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e
 a

n
s
w

e
r s

h
o
w

s
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e
 c

a
n
d

id
a
te
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e
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o
rd

e
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e
 (i.e

. th
e
y
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a
v
e

 a
c
h
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v
e

d
 a

ll th
e
 q

u
a

litie
s
 o

f th
e
 b

a
n

d
s
 b

e
lo

w
 a

n
d

 s
h

o
w

 
lim

ite
d
 e

v
id

e
n

c
e
 o

f m
e

e
tin

g
 th

e
 c

rite
ria

 o
f th

e
 b

a
n
d

 in
 q

u
e
s
tio

n
) th

e
 L

O
W

E
S

T
 m

a
rk

 s
h

o
u

ld
 b

e
 a

w
a

rd
e

d
.  

 
M

id
d

le
 m

a
rk

: T
h

is
 m

a
rk

 s
h

o
u

ld
 b

e
 u

s
e
d
 fo

r c
a

n
d

id
a
te

s
 w

h
o
 a

re
 s

e
c
u
re

 in
 th

e
 b

a
n

d
. T

h
e
y
 a

re
 n

o
t ‘b

o
rd

e
rlin

e
’ b

u
t th

e
y
 h

a
v
e

 o
n
ly

 a
c
h
ie

v
e

d
 

s
o

m
e

 o
f th

e
 q

u
a
litie

s
 in

 th
e
 b

a
n

d
 d

e
s
c
rip

to
rs

.  
 B

e
 p

re
p
a

re
d
 to

 u
s
e
 th

e
 fu

ll ra
n
g

e
 o

f m
a

rk
s
. D

o
 n

o
t re

s
e
rv

e
 (e

.g
.) h

ig
h
 B

a
n

d
 3

 m
a

rk
s
 ‘in

 c
a

s
e

’ s
o

m
e

th
in

g
 tu

rn
s
 u

p
 o

f a
 q

u
a
lity

 y
o

u
 h

a
v
e

 n
o

t y
e

t 
s
e

e
n

. If a
n
 a

n
s
w

e
r g

iv
e

s
 c

le
a
r e

v
id

e
n

c
e
 o

f th
e
 q

u
a

litie
s
 d

e
s
c
rib

e
d

 in
 th

e
 b

a
n
d

 d
e

s
c
rip

to
rs

, re
w

a
rd

 a
p
p

ro
p

ria
te

ly
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H
ig

h
 (th

o
ro

u
g

h
) 

P
re

c
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io
n
 in

 th
e
 u

s
e
 o

f q
u
e

s
tio

n
 

te
rm

in
o
lo

g
y
. K

n
o
w

le
d
g

e
 s

h
o
w

n
 is

 
c
o

n
s
is

te
n
t a

n
d

 w
e

ll-d
e
v
e

lo
p
e

d
. 

C
le

a
r a

p
p

re
c
ia

tio
n
 o

f th
e
 q

u
e
s
tio

n
 

fro
m

 a
 ra

n
g

e
 o

f d
iffe

re
n
t 

p
e
rs

p
e
c
tiv

e
s
 m

a
k
in

g
 e

x
te

n
s
iv

e
 

u
s
e
 o

f a
c
q

u
ire

d
 k

n
o
w

le
d

g
e
 a

n
d

 
u

n
d

e
rs

ta
n
d

in
g
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K
n

o
w

le
d
g

e
 a

n
d

 u
n

d
e

rs
ta

n
d
in

g
 

s
h

o
w

n
 is

 c
o

n
s
is

te
n
tly

 a
p
p

lie
d
 to

 
c
o

n
te

x
t e

n
a

b
lin

g
 a

 lo
g

ic
a
l a

n
d

 
s
u

s
ta

in
e
d

 a
rg

u
m

e
n
t to

 d
e

v
e

lo
p
. 

E
x
a

m
p

le
s
 u

s
e

d
 e

n
h

a
n

c
e
 ra

th
e
r 

th
a
n

 d
e
tra

c
t fro

m
 re

s
p
o

n
s
e

. 

C
o

n
c
e

rte
d
 e

ffo
rt is

 m
a

d
e
 to

 
c
o

n
s
id

e
r a

ll a
s
p
e

c
ts

 o
f a

 s
y
s
te

m
 / 

p
ro

b
le

m
 o

r w
e

ig
h

 u
p
 b

o
th

 s
id

e
s
 to

 
a

n
 a

rg
u
m

e
n
t b

e
fo

re
 fo

rm
in

g
 a

n
 

o
v
e

ra
ll c

o
n

c
lu

s
io

n
. J

u
d
g

e
m

e
n
ts

 
m

a
d
e

 a
re

 b
a

s
e

d
 o

n
 a

p
p

ro
p
ria

te
 

a
n
d

 c
o

n
c
is

e
 a

rg
u

m
e

n
ts

 th
a
t h

a
v
e

 
b

e
e

n
 d

e
v
e

lo
p
e

d
 in

 re
s
p
o
n

s
e
 

re
s
u
ltin

g
 in

 th
e
m

 b
e
in

g
 b

o
th

 
s
u

p
p

o
rte

d
 a

n
d

 re
a
lis

tic
. 

M
id

d
le

 (re
a

s
o

n
a
b

le
) 

A
w

a
re

n
e

s
s
 o

f th
e
 m

e
a
n

in
g
 o

f th
e
 

te
rm

s
 in

 th
e
 q

u
e
s
tio

n
. K

n
o

w
le

d
g

e
 

is
 s

o
u
n

d
 a

n
d
 e

ffe
c
tiv

e
ly

 
d

e
m

o
n
s
tra

te
d
. D

e
m

a
n
d

s
 o

f 
q

u
e
s
tio

n
 u

n
d

e
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to
o
d
 a

lth
o

u
g

h
 a

t 
tim

e
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 o

p
p

o
rtu

n
itie

s
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 m
a

k
e
 u

s
e
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f 
a

c
q

u
ire

d
 k

n
o
w

le
d
g

e
 a

n
d
 

u
n
d

e
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ta
n
d

in
g
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o
t a

lw
a

y
s
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k
e

n
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K
n

o
w

le
d
g

e
 a

n
d

 u
n

d
e

rs
ta

n
d
in

g
 

a
p
p

lie
d
 to
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o

n
te

x
t. W

h
ils

t c
le

a
r 

e
v
id

e
n

c
e
 th

a
t a

n
 a

rg
u
m

e
n

t b
u
ild

s
 

a
n
d

 d
e

v
e

lo
p
s
 th

ro
u
g

h
 re

s
p

o
n

s
e
 

th
e
re

 a
re

 tim
e
s
 w

h
e
n

 o
p
p

o
rtu

n
itie

s
 

a
re

 m
is

s
e

d
 to

 u
s
e
 a

n
 e

x
a

m
p
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 o

r 
re

la
te

 a
n
 a

s
p
e

c
t o

f k
n

o
w

le
d
g

e
 o

r 
u

n
d

e
rs

ta
n
d

in
g

 to
 th

e
 c

o
n
te

x
t 

p
ro

v
id

e
d

. 

T
h

e
re

 is
 a

 re
a
s
o

n
a

b
le

 a
tte

m
p

t to
 

re
a
c
h

 a
 c

o
n
c
lu

s
io

n
 c

o
n
s
id

e
rin

g
 

a
s
p
e

c
ts

 o
f a

 s
y
s
te

m
 / p

ro
b

le
m

 o
r 

w
e

ig
h

in
g
 u

p
 b

o
th

 s
id

e
s
 o

f a
n
 

a
rg

u
m

e
n
t. H

o
w

e
v
e

r th
e
 im

p
a
c
t o

f 
th

e
 c

o
n
c
lu

s
io

n
 is

 o
fte

n
 le

s
s
e

n
e

d
 

b
y
 a

 la
c
k
 o

f s
u

p
p

o
rte

d
 ju

d
g

e
m

e
n
ts

 
w

h
ic

h
 a

c
c
o

m
p

a
n

y
 it. T

h
is

 in
a
b

ility
 

to
 b

u
ild

 o
n

 a
n

d
 d

e
v
e

lo
p
 lin

e
s
 o

f 
a

rg
u

m
e

n
t a

s
 d

e
v
e

lo
p
e

d
 in

 th
e
 

re
s
p
o

n
s
e

 c
a

n
 d

e
tra

c
t fro

m
 th

e
 

o
v
e

ra
ll q

u
a
lity

 o
f th

e
 re

s
p
o

n
s
e

. 

L
o

w
 (b

a
s

ic
) 

C
o

n
fu

s
io

n
 a

n
d

 in
a

b
ility

 to
 

d
e
c
o

n
s
tru

c
t te

rm
in

o
lo

g
y
 a

s
 u

s
e

d
 in

 
th

e
 q

u
e
s
tio

n
. K

n
o
w

le
d
g

e
 p

a
rtia

l 
a

n
d

 s
u

p
e

rfic
ia

l. F
o
c
u

s
 o

n
 q

u
e
s
tio

n
 

n
a
rro

w
 a

n
d

 o
fte

n
 o

n
e

-d
im

e
n
s
io

n
a

l. 

In
a
b

ility
 to

 a
p

p
ly

 k
n

o
w

le
d
g

e
 a

n
d

 
u
n
d

e
rs

ta
n
d

in
g

 in
 a

n
y
 s

u
s
ta

in
e
d

 
w

a
y
 to

 c
o

n
te

x
t re

s
u
ltin

g
 in

 te
n
u

o
u

s
 

a
n
d

 u
n

s
u

p
p

o
rte

d
 s

ta
te

m
e

n
ts

 b
e
in

g
 

m
a

d
e

. E
x
a

m
p

le
s
 if u

s
e

d
 a

re
 fo

r 
th

e
 m

o
s
t p

a
rt irre

le
v
a

n
t a

n
d
 

u
n
s
u

b
s
ta

n
tia

te
d
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L
ittle

 o
r n

o
 a

tte
m

p
t to

 p
rio

ritis
e
 o

r 
w

e
ig

h
 u

p
 fa

c
to

rs
 d

u
rin

g
 c

o
u
rs

e
 o

f 
a

n
s
w

e
r. C

o
n
c
lu

s
io

n
 is

 o
fte

n
 

d
is

lo
c
a
te

d
 fro

m
 re

s
p

o
n

s
e

 a
n

d
 a

n
y
 

ju
d
g

e
m

e
n
ts

 la
c
k
 s

u
b
s
ta

n
c
e

 d
u

e
 in

 
p

a
rt to

 th
e
 b

a
s
ic

 le
v
e

l o
f a

rg
u

m
e

n
t 

th
a
t h

a
s
 b

e
e

n
 d

e
m

o
n
s
tra

te
d
 

th
ro

u
g

h
o
u
t re

s
p
o

n
s
e
. 
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A
O

1
 

D
e

m
o

n
s
tra

te
 k

n
o
w

le
d
g

e
 a

n
d

 u
n

d
e
rs

ta
n
d

in
g

 o
f th

e
 p

rin
c
ip

le
s
 a

n
d

 c
o

n
c
e

p
ts

 o
f c

o
m

p
u
te

r s
c
ie

n
c
e

, in
c
lu

d
in

g
 a

b
s
tra

c
tio

n
, lo

g
ic

, a
lg

o
rith

m
s
 

a
n
d

 d
a

ta
 re

p
re

s
e
n

ta
tio

n
. 

A
O

1
.1

 
D

e
m

o
n

s
tra

te
 k

n
o

w
le

d
g

e
 o

f th
e
 p

rin
c
ip

le
s
 a

n
d
 c

o
n

c
e
p

ts
 o

f a
b
s
tra

c
tio

n
, lo

g
ic

, a
lg

o
rith

m
s
, d

a
ta

 re
p
re

s
e

n
ta

tio
n

 o
r o

th
e
r a

s
 a

p
p
ro

p
ria

te
. 

A
O

1
.2

 
D

e
m

o
n

s
tra

te
 u

n
d

e
rs

ta
n

d
in

g
 o

f th
e
 p

rin
c
ip

le
s
 a

n
d

 c
o

n
c
e

p
ts

 o
f a

b
s
tra

c
tio

n
, lo

g
ic

, a
lg

o
rith

m
s
, d

a
ta

 re
p
re

s
e
n

ta
tio

n
 o

r o
th

e
r a

s
 a

p
p

ro
p
ria

te
. 

A
O

2
 

A
p

p
ly

 k
n

o
w

le
d
g

e
 a

n
d

 u
n
d

e
rs

ta
n
d

in
g

 o
f th

e
 p

rin
c
ip

le
s
 a

n
d

 c
o

n
c
e

p
ts

 o
f c

o
m

p
u
te

r s
c
ie

n
c
e

 in
c
lu

d
in

g
 to

 a
n
a

ly
s
e

 p
ro

b
le

m
s
 in

 c
o

m
p

u
ta

tio
n
a

l 
te

rm
s
. 

A
O

2
.1

 
A

p
p
ly

 k
n

o
w

le
d
g

e
 a

n
d

 u
n
d

e
rs

ta
n
d

in
g

 o
f th

e
 p

rin
c
ip

le
s
 a

n
d

 c
o

n
c
e

p
ts

 o
f c

o
m

p
u
te

r s
c
ie

n
c
e

. 

A
O
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.2

 
A

n
a
ly

s
e

 p
ro

b
le

m
s
 in

 c
o
m

p
u
ta

tio
n
a

l te
rm

s
. 

A
O

3
 

D
e

s
ig

n
, p

ro
g

ra
m

 a
n
d

 e
v
a

lu
a
te

 c
o
m

p
u
te

r s
y
s
te

m
s
 th

a
t s

o
lv

e
 p

ro
b
le

m
s
, m

a
k
in

g
 re

a
s
o

n
e

d
 ju

d
g

e
m

e
n
ts

 a
b
o

u
t th

e
s
e
 a

n
d

 p
re

s
e
n

tin
g

 
c
o

n
c
lu

s
io

n
s
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A
O

3
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D

e
s
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n
 c

o
m

p
u
te

r s
y
s
te

m
s
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a
t s

o
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e
 p

ro
b
le
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. 

A
O

3
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P
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g
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 c

o
m

p
u
te

r s
y
s
te

m
s
 th

a
t s

o
lv

e
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ro
b
le

m
s
. 

A
O
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E

v
a

lu
a
te

 c
o

m
p

u
te

r s
y
s
te

m
s
 th

a
t s

o
lv

e
 p

ro
b
le

m
s
, m

a
k
in

g
 re

a
s
o
n

e
d

 ju
d
g

e
m

e
n
ts

 a
b
o

u
t th

e
s
e

 a
n

d
 p

re
s
e
n

tin
g

 c
o

n
c
lu

s
io

n
s
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 m
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c
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lle
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f
u
n
c
t
i
o
n
 
s
e
a
r
c
h
F
o
r
D
a
t
a
(
c
u
r
r
e
n
t
N
o
d
e
:
b
y
V
a
l
,
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Answer all the questions.

Section A

1 A programmer needs to sort an array of numeric data using an insertion sort.

 (a) (i) The following, incomplete, algorithm performs an insertion sort.

   Complete the algorithm.

procedure sortit(dataArray, lastIndex)

 for x = 1 to lastIndex

  currentData = dataArray[……………………]

  position = x

  while (position > 0 AND dataArray[position-1] > currentData)

   dataArray[position]  = dataArray[………………………]

   position = position - 1

  endwhile

  dataArray[position] = …………………………

 next x

endprocedure

[3]
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  (ii) Show how an insertion sort would sort the following data:

6 1 15 12 5 6 9

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [6]

 (b) (i) Using Big-O notation state the best case complexity of insertion sort.

 ...................................................................................................................................... [1]

  (ii) Explain what your answer to part (b)(i) means.

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

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

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

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

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

 ...................................................................................................................................... [3]
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 (c*) The number of data items in the array is continually increasing.

  Insertion sort has a worst case time complexity of O(n2) and space complexity of O(1).

  An alternative sorting algorithm that could be used is bubble sort which also has a worst case 
time complexity of O(n2) and space complexity of O(1).

  Briefly outline how the bubble sort algorithm works. Discuss the relationship between the 
complexities and the two sorting algorithms and justify which of the two algorithms is best 
suited to sorting the array. [9]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................................
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2 A programmer is developing an ordering system for a fast food restaurant. When a member of 
staff inputs an order, it is added to a linked list for completion by the chefs.

 (a) Explain why a linked list is being used for the ordering system.

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

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

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

 .............................................................................................................................................. [2]

 (b) Each element in a linked list has:

   • a pointer, nodeNo, which gives the number of that node
   • the order number, orderNo
   • a pointer, next, that points to the next node in the list

  Fig. 2.1 shows the current contents of the linked list, orders.

nodeNo orderNo next

0 154 1

1 157 2

2 155 3

3 156 ∅

Fig. 2.1

	 	 ∅ represents a null pointer.

  (i) Order 158 has been made, and needs adding to the end of the linked list.

   Add the order, 158, to the linked list as shown in Fig. 2.1. Show the contents of the linked 
list in the following table.

nodeNo orderNo next

[2]
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  (ii) Order 159 has been made. This order has a high priority and needs to be the second 
order in the linked list.

   Add the order, 159, to the original linked list as shown in Fig. 2.1. Show the contents of 
the linked list in the following table.

nodeNo orderNo next

[3]

 (c) The linked list is implemented using a 2D array, theOrders:

   • Row 0 stores orderNo
   • Row 1 stores next

  The data now stored in theOrders is shown in Fig. 2.2.

184 186 185 187

1 2 3

Fig. 2.2

 theOrders[1,0] would return 1

 The following algorithm is written:

procedure x()
 finished = false
 count = 0
 while NOT(finished)
  if theOrders[1,count] == null then
   finished = true
  else
   output = theOrders[0,count]
   print(output)
   count = theOrders[1,count]
  endif
 endwhile
 output = theOrders[0,count]
 print(output)

endprocedure



9

Turn over© OCR 2017

  (i) Outline why nodeNo does not need to be stored in the array.

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

 ...................................................................................................................................... [1]

  (ii) Complete the trace table for procedure x, for the data shown in Fig. 2.2.

finished count output

[3]

  (iii) Describe the purpose of procedure x.

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

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

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

 ...................................................................................................................................... [2]
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  (iv) A new order, 190, is to be added to theOrders. It needs to be the third element in the 
list.

   The current contents of the array are repeated here for reference:

184 186 185 187

1 2 3

   Describe how the new order, 190, can be added to the array, so the linked list is read in 
the correct order, without rearranging the array elements.

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]

 (d) The user needs to be able to search for, and find, a specific order number.

  State an appropriate search algorithm that could be used, and justify your choice against an 
alternative Search algorithm.

Appropriate Search Algorithm ....................................................................................................

Justification ................................................................................................................................

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

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

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

 ...................................................................................................................................................
 [3]
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 (e) The programmer is writing the program using an IDE.

  Identify three features of an IDE that the programmer would use when writing the code and 
describe how the features benefit the programmer.

1 .................................................................................................................................................

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

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

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

2 .................................................................................................................................................

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

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

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

3 .................................................................................................................................................

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

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

 ...................................................................................................................................................
 [6]

 (f*) The programmer is considering using concurrent programming.

  Discuss how concurrent programming can be applied to the food ordering system and the 
benefits and limitations of doing so. [9]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................................
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3 An encryption routine reads a line of text from a file, reverses the order of the characters in the 
string and subtracts 10 from the ASCII value of each letter, then saves the new string into the 
same file.

 The program is split into sub-procedures. Three sub-procedures are described as follows:

 • Read string from file
 • Push each character of the string onto a stack
 • Read and encrypt each character message

 (a) (i) Identify one further sub-procedure that could be used in the program.

 ...................................................................................................................................... [1]

  (ii) Describe two advantages of splitting the problem into sub-procedures.

1 .........................................................................................................................................

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

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

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

2 .........................................................................................................................................

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

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

 ...........................................................................................................................................
 [4]

 (b) A function, readMessage:

   • takes the file name as a parameter
   • reads and returns the line of text

  Complete the pseudocode algorithm for readMessage:

 function …………………………………………………………(fileName)

  messageFile = openRead(…………………………………………………………)

  message = messageFile.readLine()

  messageFile. …………………………………………………………

  return …………………………………………………………

 endfunction
 [4]



14

© OCR 2017

 (c) A function, push, can be used to add a character to a stack. For example:

theStack.push("H")

places the character H onto the stack, theStack.

A procedure, pushToStack, takes a string as a parameter and pushes each character of the 
message onto the stack, messageStack.

Complete the procedure below.

Add comments to explain how your code works.

procedure pushToStack(message)

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

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

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

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

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

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

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

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

endprocedure
 [5]

 (d) Describe the steps that the program would have to take in order to encrypt the characters 
stored in the stack, and save them in a single variable.

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [5]
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4 A data structure is shown below in Fig. 4.1. 

D X

H
G

I

M

J

N
L

K

E F

B A C

Fig. 4.1

 (a) Identify the data structure shown in Fig. 4.1.

 .............................................................................................................................................. [1]

 (b) The programmer is considering using a depth-first (post-order) traversal, or a breadth-first 
traversal to find the path between node A and node X. 

  (i) Explain the difference between a depth-first (post-order) and breadth-first traversal.

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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  (ii) Show how a depth-first (post-order) traversal would find the path between node A and 
node X for the structure shown in Fig. 4.1.

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [6]

  (iii) Explain how you used backtracking in your answer to part (b)(ii).

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

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

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

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

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

 ...................................................................................................................................... [3]
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5 A recursive function, calculate, is shown below:

01 function calculate(num1, num2)
02  if num1 == num2 then
03   return num1
04  elseif num1 < num2 then
05   return calculate(num1, (num2-num1))
06  else
07   return calculate(num2, (num1-num2))
08  endif
09 endfunction

 (a) Identify the lines where recursion is used.

 .............................................................................................................................................. [1]

 (b) Trace the algorithm, showing the steps and result when the following line is run:

print(calculate(4,10))

 [5]
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 (c) Re-write the function so it uses iteration instead of recursion.

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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Section B

Answer all questions.

6 A software developer is creating a Virtual Pet game. 

 The user can choose the type of animal they would like as their pet, give it a name and then they are 
responsible for caring for that animal. The user will need to feed, play with, and educate their pet.  

 The aim is to keep the animal alive and happy, for example if the animal is not fed over a set 
period of time then the pet will die. 

 •  The game tells the user how hungry or bored the animal is as a percentage (%) and 
the animal’s intelligence is ranked as a number between 0 and 150 (inclusive).

 • Hunger and boredom increase by 1% with every tick of a timer.
 • When the feed option is selected, hunger is reduced to 0.
 • When the play option is selected, bored is reduced to 0.
 •  When the read option is selected, the intelligence is increased by 0.6% of its current 

value.

 An example of the game is shown:

What type of pet would you like? Fox or Elephant?

Fox

What would you like to name your Fox?

Joanne

Joanne’s stats are

Hunger: 56%

Bored: 85%

Intelligence: 20

What would you like to do with your pet? Play, Read or Feed?

Fig. 1.1

 (a) Identify three inputs that the user will have to enter to start, and/or play the game.

1 .................................................................................................................................................

2 .................................................................................................................................................

3 .................................................................................................................................................
 [3]
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 (b) The developer is using decomposition to design the game.

  (i) Describe the process of decomposition.

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

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

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

 ...................................................................................................................................... [2]

  (ii) The developer has produced the following structure diagram for the game:

Virtual Pet

Choose Pet

Start game Play game

ReadFeed

Reduce
Hunger to 0

Timer

   Complete the structure diagram for the Virtual Pet game by filling in the empty boxes.
 [6]
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 (c) The developer needs to write procedures for the options play and read. Each of the options 
changes its corresponding value, and outputs the results to the screen.

  (i) Write a procedure, using pseudocode, to reset bored and output the new value in an 
appropriate message.

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

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

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

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

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

 ...................................................................................................................................... [3]

  (ii) Write a procedure, using pseudocode, to increase intelligence by 0.6% and output 
the new intelligence in an appropriate message.

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

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

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

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

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

 ...................................................................................................................................... [3]
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 (d) The developer is extending the game to allow users to have multiple pets of different types. 
The developer has written a class, Pet.

  The attributes and methods in the class are described in the table:

Identifier Attribute/Method Description

petName Attribute Stores the pet’s name

bored Attribute Stores the % bored

hunger Attribute Stores the % hunger

intelligence Attribute Stores the intelligence

type Attribute Stores the type of animal

new Method Creates a new instance of pet

feed Method Reduces hunger to 0 and outputs hunger

play Method Reduces bored to 0 and outputs bored

read Method Increases intelligence by a set value

outputGreeting Method Outputs a message to the user

  Part of the class declaration is given:

 class Pet
  private petName
  private bored
  private hunger
  private intelligence
  private type
 … 
 …
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  (i) After a user enters the pet name, and chooses a type, the constructor method of Pet is 
called to create a new instance. The method needs to set petName, as well as hunger, 
bored and intelligence to starting values of 0.

   Write, using pseudocode, the constructor method for this class.

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]

  (ii) Write a line of code that creates a new instance of Pet for a Tiger called “Springy”.

 ...................................................................................................................................... [2]
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  (iii) The method outputGreeting for the superclass is written as follows:

 public procedure outputGreeting()
  print("Hello, I'm " + petName + ", I'm a " + type)
 endprocedure 

   A class is needed for Tiger. The class needs to:

 • inherit the methods and attributes from pet 
 •  in the constructor, set type to Tiger, intelligence to 10, hunger to 50 and 

bored to 10
 • extend the method outputGreeting, by outputting an additional line that 
  says “I like to eat meat and roar”

   Write, using pseudocode, the class Tiger.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]
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 (e*) The developer made use of abstraction when creating the Virtual Pet game.

  Discuss the need for and purpose of abstraction and how abstraction will be used in the 
development of the game. [9]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................................
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 (f) The developer is storing the user’s pets in a 1-dimensional array. At each timer interval, the 
array is searched, using a linear search, to check if any pets’ hunger or bored values are 
greater than 90%. If they are, an alert is displayed to the user.

  (i) State the complexity of searching the pets in Big-O notation.

 ...................................................................................................................................... [1]

  (ii) A given computer takes 4 milliseconds (ms) to search an array of 20 pets. Calculate an 
estimate of how long the computer will take to search an array of 100 pets.

   Show your working.

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

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

 ...................................................................................................................................... [2]

END OF QUESTION PAPER
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a
re

fu
lly

 A
p

p
e
n

d
ix

 5
 In

tro
d

u
c

tio
n

 to
 S

c
rip

t M
a

rk
in

g
: 

N
o

te
s

 fo
r N

e
w

 E
x

a
m

in
e
rs

.  
 P

le
a
s
e

 a
s
k
 fo

r h
e
lp

 o
r g

u
id

a
n

c
e
 w

h
e
n

e
v
e

r y
o

u
 n

e
e

d
 it. Y

o
u
r firs

t p
o
in

t o
f c

o
n
ta

c
t is

 y
o

u
r T

e
a
m

 L
e
a
d

e
r. 
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  U
S

IN
G

 T
H

E
 M

A
R

K
 S

C
H

E
M

E
  

 P
le

a
s
e

 s
tu

d
y
 th

is
 M

a
rk

 S
c
h

e
m

e
 c

a
re

fu
lly

. T
h

e
 M

a
rk

 S
c
h

e
m

e
 is

 a
n
 in

te
g

ra
l p

a
rt o

f th
e
 p

ro
c
e
s
s
 th

a
t b

e
g

in
s
 w

ith
 th

e
 s

e
ttin

g
 o

f th
e
 q

u
e
s
tio

n
 p

a
p

e
r 

a
n
d

 e
n

d
s
 w

ith
 th

e
 a

w
a

rd
in

g
 o

f g
ra

d
e

s
. Q

u
e
s
tio

n
 p

a
p
e

rs
 a

n
d
 M

a
rk

 S
c
h

e
m

e
s
 a

re
 d

e
v
e

lo
p
e

d
 in

 a
s
s
o

c
ia

tio
n

 w
ith

 e
a

c
h

 o
th

e
r s

o
 th

a
t is

s
u

e
s
 o

f 
d

iffe
re

n
tia

tio
n

 a
n

d
 p

o
s
itiv

e
 a

c
h

ie
v
e

m
e

n
t c

a
n
 b

e
 a

d
d
re

s
s
e
d

 fro
m

 th
e
 v

e
ry

 s
ta

rt.  
 T

h
is

 M
a

rk
 S

c
h

e
m

e
 is

 a
 w

o
rk

in
g
 d

o
c
u

m
e
n

t; it is
 n

o
t e

x
h

a
u

s
tiv

e
; it d

o
e

s
 n

o
t p

ro
v
id

e
 ‘c

o
rre

c
t’ a

n
s
w

e
rs

. T
h

e
 M

a
rk

 S
c
h

e
m

e
 c

a
n
 o

n
ly

 p
ro

v
id

e
 ‘b

e
s
t 

g
u

e
s
s
e
s
’ a

b
o

u
t h

o
w

 th
e
 q

u
e
s
tio

n
 w

ill w
o

rk
 o

u
t, a

n
d
 it is

 s
u

b
je

c
t to

 re
v
is

io
n
 a

fte
r w

e
 h

a
v
e

 lo
o

k
e

d
 a

t a
 w

id
e
 ra

n
g

e
 o

f s
c
rip

ts
.  

 T
h

e
 E

x
a

m
in

e
rs

’ S
ta

n
d

a
rd

is
a

tio
n

 M
e

e
tin

g
 w

ill e
n
s
u

re
 th

a
t th

e
 M

a
rk

 S
c
h

e
m

e
 c

o
v
e

rs
 th

e
 ra

n
g

e
 o

f c
a
n

d
id

a
te

s
’ re

s
p
o

n
s
e
s
 to

 th
e

 q
u

e
s
tio

n
s
, a

n
d
 th

a
t a

ll 
E

x
a

m
in

e
rs

 u
n
d

e
rs

ta
n
d

 a
n

d
 a

p
p

ly
 th

e
 M

a
rk

 S
c
h

e
m

e
 in

 th
e
 s

a
m

e
 w

a
y
. T

h
e

 M
a

rk
 S

c
h

e
m

e
 w

ill b
e
 d

is
c
u

s
s
e
d

 a
n

d
 a

m
e

n
d

e
d

 a
t th

e
 m

e
e
tin

g
, a

n
d
 

a
d
m

in
is

tra
tiv

e
 p

ro
c
e
d

u
re

s
 w

ill b
e
 c

o
n
firm

e
d
. C

o
-o

rd
in

a
tio

n
 s

c
rip

ts
 w

ill b
e
 is

s
u

e
d

 a
t th

e
 m

e
e
tin

g
 to

 e
x
e

m
p

lify
 a

s
p
e

c
ts

 o
f c

a
n
d
id

a
te

s
’ re

s
p
o

n
s
e
s
 a

n
d
 

a
c
h
ie

v
e

m
e

n
ts

; th
e
 c

o
-o

rd
in

a
tio

n
 s

c
rip

ts
 th

e
n

 b
e

c
o

m
e

 p
a
rt o

f th
is

 M
a

rk
 S

c
h

e
m

e
.  

 B
e

fo
re

 th
e
 S

ta
n
d

a
rd

is
a
tio

n
 M

e
e
tin

g
, y

o
u
 s

h
o
u

ld
 re

a
d

 a
n

d
 m

a
rk

 in
 p

e
n

c
il a

 n
u
m

b
e
r o

f s
c
rip

ts
, in

 o
rd

e
r to

 g
a

in
 a

n
 im

p
re

s
s
io

n
 o

f th
e
 ra

n
g

e
 o

f 
re

s
p
o

n
s
e

s
 a

n
d

 a
c
h

ie
v
e

m
e

n
t th

a
t m

a
y
 b

e
 e

x
p

e
c
te

d
.  

 In
 y

o
u
r m

a
rk

in
g

, y
o

u
 w

ill e
n
c
o

u
n

te
r v

a
lid

 re
s
p
o

n
s
e

s
 w

h
ic

h
 a

re
 n

o
t c

o
v
e

re
d
 b

y
 th

e
 M

a
rk

 S
c
h

e
m

e
: th

e
s
e
 re

s
p
o

n
s
e

s
 m

u
s
t b

e
 c

re
d
ite

d
. Y

o
u
 w

ill 
e

n
c
o

u
n

te
r a

n
s
w

e
rs

 w
h

ic
h

 fa
ll o

u
ts

id
e
 th

e
 ‘ta

rg
e

t ra
n
g

e
’ o

f B
a

n
d

s
 fo

r th
e
 p

a
p
e

r w
h

ic
h

 y
o

u
 a

re
 m

a
rk

in
g

. P
le

a
s
e

 m
a

rk
 th

e
s
e

 a
n

s
w

e
rs

 a
c
c
o
rd

in
g

 to
 th

e
 

m
a

rk
in

g
 c

rite
ria

.  
 P

le
a
s
e

 re
a
d

 c
a
re

fu
lly

 a
ll th

e
 s

c
rip

ts
 in

 y
o

u
r a

llo
c
a
tio

n
 a

n
d

 m
a
k
e

 e
v
e

ry
 e

ffo
rt to

 lo
o
k
 p

o
s
itiv

e
ly

 fo
r a

c
h

ie
v
e

m
e

n
t th

ro
u
g

h
o
u

t th
e

 a
b

ility
 ra

n
g

e
. A

lw
a

y
s
 

b
e
 p

re
p

a
re

d
 to

 u
s
e
 th

e
 fu

ll ra
n
g

e
 o

f m
a

rk
s
. 
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  L
E

V
E

L
S

 O
F

 R
E

S
P

O
N

S
E

 Q
U

E
S

T
IO

N
S

:  
 T

h
e
 in

d
ic

a
tiv

e
 c

o
n

te
n
t in

d
ic

a
te

s
 th

e
 e

x
p

e
c
te

d
 p

a
ra

m
e

te
rs

 fo
r c

a
n
d

id
a
te

s
’ a

n
s
w

e
rs

, b
u
t b

e
 p

re
p
a

re
d

 to
 re

c
o
g

n
is

e
 a

n
d

 c
re

d
it u

n
e

x
p

e
c
te

d
 

a
p
p

ro
a

c
h

e
s
 w

h
e
re

 th
e
y
 s

h
o
w

 re
le

v
a

n
c
e

.  
U

s
in

g
 ‘b

e
s
t-fit’, d

e
c
id

e
 firs

t w
h

ic
h

 s
e

t o
f B

A
N

D
 D

E
S

C
R

IP
T

O
R

S
 b

e
s
t d

e
s
c
rib

e
s
 th

e
 o

v
e

ra
ll q

u
a
lity

 o
f th

e
 a

n
s
w

e
r. O

n
c
e

 th
e
 b

a
n

d
 is

 lo
c
a
te

d
, a

d
ju

s
t 

th
e
 m

a
rk

 c
o

n
c
e

n
tra

tin
g

 o
n

 fe
a
tu

re
s
 o

f th
e
 a

n
s
w

e
r w

h
ic

h
 m

a
k
e
 it s

tro
n
g

e
r o

r w
e

a
k
e

r fo
llo

w
in

g
 th

e
 g

u
id

e
lin

e
s
 fo

r re
fin

e
m

e
n
t.  

 

 
H

ig
h

e
s
t m

a
rk

: If c
le

a
r e

v
id

e
n

c
e
 o

f a
ll th

e
 q

u
a
litie

s
 in

 th
e
 b

a
n

d
 d

e
s
c
rip

to
rs

 is
 s

h
o
w

n
, th

e
 H

IG
H

E
S

T
 M

a
rk

 s
h

o
u

ld
 b

e
 a

w
a

rd
e

d
.  

 
L

o
w

e
s
t m

a
rk

: If th
e
 a

n
s
w

e
r s

h
o
w

s
 th

e
 c

a
n
d

id
a
te

 to
 b

e
 b

o
rd

e
rlin

e
 (i.e

. th
e
y
 h

a
v
e

 a
c
h

ie
v
e

d
 a

ll th
e
 q

u
a

litie
s
 o

f th
e
 b

a
n

d
s
 b

e
lo

w
 a

n
d

 s
h

o
w

 

lim
ite

d
 e

v
id

e
n

c
e
 o

f m
e

e
tin

g
 th

e
 c

rite
ria

 o
f th

e
 b

a
n
d

 in
 q

u
e
s
tio

n
) th

e
 L

O
W

E
S

T
 m

a
rk

 s
h

o
u

ld
 b

e
 a

w
a

rd
e

d
.  

 
M

id
d

le
 m

a
rk

: T
h

is
 m

a
rk

 s
h

o
u

ld
 b

e
 u

s
e
d
 fo

r c
a

n
d

id
a
te

s
 w

h
o
 a

re
 s

e
c
u
re

 in
 th

e
 b

a
n

d
. T

h
e
y
 a

re
 n

o
t ‘b

o
rd

e
rlin

e
’ b

u
t th

e
y
 h

a
v
e

 o
n
ly

 a
c
h
ie

v
e

d
 

s
o

m
e

 o
f th

e
 q

u
a
litie

s
 in

 th
e
 b

a
n

d
 d

e
s
c
rip

to
rs

.  

 B
e

 p
re

p
a

re
d
 to

 u
s
e
 th

e
 fu

ll ra
n
g

e
 o

f m
a

rk
s
. D

o
 n

o
t re

s
e
rv

e
 (e

.g
.) h

ig
h
 B

a
n

d
 3

 m
a

rk
s
 ‘in

 c
a

s
e

’ s
o

m
e

th
in

g
 tu

rn
s
 u

p
 o

f a
 q

u
a
lity

 y
o

u
 h

a
v
e

 n
o

t y
e

t 
s
e

e
n

. If a
n
 a

n
s
w

e
r g

iv
e

s
 c

le
a
r e

v
id

e
n

c
e
 o

f th
e
 q

u
a

litie
s
 d

e
s
c
rib

e
d

 in
 th

e
 b

a
n
d

 d
e

s
c
rip

to
rs

, re
w

a
rd

 a
p
p

ro
p

ria
te

ly
. 
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A

O
1

 
A

O
2

 
A

O
3

 

H
ig

h
 (th

o
ro

u
g

h
) 

P
re

c
is

io
n
 in

 th
e
 u

s
e
 o

f q
u
e

s
tio

n
 

te
rm

in
o
lo

g
y
. K

n
o
w

le
d
g

e
 s

h
o
w

n
 is

 
c
o

n
s
is

te
n
t a

n
d

 w
e

ll-d
e
v
e

lo
p
e

d
. 

C
le

a
r a

p
p

re
c
ia

tio
n
 o

f th
e
 q

u
e
s
tio

n
 

fro
m

 a
 ra

n
g

e
 o

f d
iffe

re
n
t 

p
e
rs

p
e
c
tiv

e
s
 m

a
k
in

g
 e

x
te

n
s
iv

e
 

u
s
e
 o

f a
c
q

u
ire

d
 k

n
o
w

le
d

g
e
 a

n
d

 
u

n
d

e
rs

ta
n
d

in
g

. 

K
n

o
w

le
d
g

e
 a

n
d

 u
n

d
e

rs
ta

n
d
in

g
 

s
h

o
w

n
 is

 c
o

n
s
is

te
n
tly

 a
p
p

lie
d
 to

 
c
o

n
te

x
t e

n
a

b
lin

g
 a

 lo
g

ic
a
l a

n
d
 

s
u

s
ta

in
e
d

 a
rg

u
m

e
n
t to

 d
e

v
e

lo
p
. 

E
x
a

m
p

le
s
 u

s
e

d
 e

n
h

a
n

c
e
 ra

th
e
r 

th
a
n

 d
e
tra

c
t fro

m
 re

s
p
o

n
s
e

. 

C
o

n
c
e

rte
d
 e

ffo
rt is

 m
a

d
e
 to

 
c
o

n
s
id

e
r a

ll a
s
p
e

c
ts

 o
f a

 s
y
s
te

m
 / 

p
ro

b
le

m
 o

r w
e

ig
h

 u
p
 b

o
th

 s
id

e
s
 to

 
a

n
 a

rg
u
m

e
n
t b

e
fo

re
 fo

rm
in

g
 a

n
 

o
v
e

ra
ll c

o
n
c
lu

s
io

n
. J

u
d
g

e
m

e
n
ts

 
m

a
d
e

 a
re

 b
a

s
e

d
 o

n
 a

p
p

ro
p
ria

te
 

a
n
d

 c
o

n
c
is

e
 a

rg
u

m
e

n
ts

 th
a
t h

a
v
e

 
b

e
e

n
 d

e
v
e

lo
p
e

d
 in

 re
s
p
o
n

s
e
 

re
s
u
ltin

g
 in

 th
e
m

 b
e
in

g
 b

o
th

 
s
u

p
p

o
rte

d
 a

n
d

 re
a
lis

tic
. 

M
id

d
le

 (re
a

s
o

n
a
b

le
) 

A
w

a
re

n
e

s
s
 o

f th
e
 m

e
a
n

in
g
 o

f th
e
 

te
rm

s
 in

 th
e
 q

u
e
s
tio

n
. K

n
o

w
le

d
g

e
 

is
 s

o
u
n

d
 a

n
d
 e

ffe
c
tiv

e
ly

 
d

e
m

o
n
s
tra

te
d
. D

e
m

a
n
d

s
 o

f 
q

u
e
s
tio

n
 u

n
d

e
rs

to
o
d
 a

lth
o

u
g

h
 a

t 
tim

e
s
 o

p
p

o
rtu

n
itie

s
 to

 m
a

k
e
 u

s
e
 o

f 
a

c
q

u
ire

d
 k

n
o
w

le
d
g

e
 a

n
d
 

u
n
d

e
rs

ta
n
d

in
g

 n
o
t a

lw
a

y
s
 ta

k
e

n
. 

K
n

o
w

le
d
g

e
 a

n
d

 u
n

d
e

rs
ta

n
d
in

g
 

a
p
p

lie
d
 to

 c
o

n
te

x
t. W

h
ils

t c
le

a
r 

e
v
id

e
n

c
e
 th

a
t a

n
 a

rg
u
m

e
n

t b
u
ild

s
 

a
n
d

 d
e

v
e

lo
p
s
 th

ro
u
g

h
 re

s
p

o
n

s
e
 

th
e
re

 a
re

 tim
e
s
 w

h
e
n

 o
p
p

o
rtu

n
itie

s
 

a
re

 m
is

s
e

d
 to

 u
s
e
 a

n
 e

x
a

m
p

le
 o

r 
re

la
te

 a
n
 a

s
p
e

c
t o

f k
n

o
w

le
d
g

e
 o

r 
u

n
d

e
rs

ta
n
d

in
g

 to
 th

e
 c

o
n
te

x
t 

p
ro

v
id

e
d

. 

T
h

e
re

 is
 a

 re
a
s
o

n
a

b
le

 a
tte

m
p

t to
 

re
a
c
h

 a
 c

o
n
c
lu

s
io

n
 c

o
n
s
id

e
rin

g
 

a
s
p
e

c
ts

 o
f a

 s
y
s
te

m
 / p

ro
b

le
m

 o
r 

w
e

ig
h

in
g
 u

p
 b

o
th

 s
id

e
s
 o

f a
n
 

a
rg

u
m

e
n
t. H

o
w

e
v
e

r th
e
 im

p
a
c
t o

f 
th

e
 c

o
n
c
lu

s
io

n
 is

 o
fte

n
 le

s
s
e

n
e

d
 

b
y
 a

 la
c
k
 o

f s
u

p
p

o
rte

d
 ju

d
g

e
m

e
n
ts

 
w

h
ic

h
 a

c
c
o

m
p

a
n

y
 it. T

h
is

 in
a
b

ility
 

to
 b

u
ild

 o
n

 a
n

d
 d

e
v
e

lo
p
 lin

e
s
 o

f 
a

rg
u

m
e

n
t a

s
 d

e
v
e

lo
p
e

d
 in

 th
e
 

re
s
p
o

n
s
e

 c
a

n
 d

e
tra

c
t fro

m
 th

e
 

o
v
e

ra
ll q

u
a
lity

 o
f th

e
 re

s
p
o

n
s
e

. 

L
o

w
 (b

a
s

ic
) 

C
o

n
fu

s
io

n
 a

n
d

 in
a

b
ility

 to
 

d
e
c
o

n
s
tru

c
t te

rm
in

o
lo

g
y
 a

s
 u

s
e

d
 in

 
th

e
 q

u
e
s
tio

n
. K

n
o
w

le
d
g

e
 p

a
rtia

l 
a

n
d

 s
u

p
e

rfic
ia

l. F
o
c
u

s
 o

n
 q

u
e
s
tio

n
 

n
a
rro

w
 a

n
d

 o
fte

n
 o

n
e

-d
im

e
n
s
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