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This Topic Exploration Pack should accompany the OCR resource ‘Data Structures’ learner

activities, which you can download from the OCR website.
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Arrays

1.4.2 a) Arrays (of up to 3 dimensions), records, lists, tuples

Arrays, records, lists and tuples are the main data structures that learners will encounter when
coding solutions to problems no matter what programming language they use. They should have
prior knowledge of data types before moving onto structures to store these. A rundown of basic

data types can be found at:

http://www.tutorialspoint.com/python/python variable types.htm

Some experience using the above data structures in a meaningful context would benefit learners,
such as asking the user for a name and what score they got in a computer game, then at the end
the program iterates through the dictionary (for example) and outputs a whole list of their names

and scores. A worksheet for this is provided.



http://www.tutorialspoint.com/python/python_variable_types.htm
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Activity 1 High Scores List using Dictionaries

Learner Task: produce a program that holds a table of high scores for a computer game.

Task 1

Create a dictionary of names and high scores. A breakdown of what dictionaries are and their

functions can be found at http://www.tutorialspoint.com/python/python dictionary.htm.

Task 2

Enable the user to look up someone’s high score from the dictionary.

Task 3

Enable the user to update the high scores table for a person.

Task 4

Enable the user to print out all the high scores in order (descending).

Full code for this activity:

from operator import itemgetter
high scores = {"mike":100,"joe":300,"emily":200}

def main() :
choice = None
while choice != "0":
print (
Hi scores system
0-Quit
1-Look up someone's high score
2-Add a score
3-Update a score
4-Display all high-scores
)
choice = input ("Choice: ")
#exit
if choice == "0":
print ("Goodbye")
#look up a score
elif choice == "1":
player = input ("Whose score would you like to look at?")
if player in high scores:
score = high scores[player]



http://www.tutorialspoint.com/python/python_dictionary.htm
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print ("\n", player, "'s high score is ", score)
else:
print ("Sorry, player ", player, "not in system")

elif choice == "2":
player = input ("Whose score would you like to add?")
if player not in high scores:
score = input ("What is their high-score")
high scores[player] = score
print ("\n", player, "'s score has been added to the system")
else:

print ("That player already exists. If you want to edit their
score do so from the menu")
#edit a high score

elif choice == "3":
player = input ("Whose score would you like to edit?")
if player in high scores:
score = input ("What would you like their new score to be?")
high scores[player] = score
print ("\n", player, "'s high score is now", score)

else:
print ("Sorry, player ", player, "not in system")
#display all high-scores
elif choice == "4":
for key, value in sorted(high scores.items(), key=itemgetter (1),
reverse = True) :
print (key, value)
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Storing Data

1.4.2 b) The following structures to store data: linked-list, graph (directed and undirected), stack,

queue, tree, binary search tree, hash table.

Stacks are best described as a stack of books. We can either add books to the stack (push) or
remove them from the top of the stack (pop). To access the item at the bottom of the stack we

have to pop the items off until we reach it. This data structure is known as FILO (First in last out).

Queues are best described as a queue for the bank. It is a FIFO (first in first out) structure. There

are methods to append to the end of the queue and a delete method to remove items.

Implementations for Stacks and Queues are already built into the Python programming language

as part of the ‘list’ documentation.

Linked lists are data structures that are advantageous over using arrays since they can grow or
shrink in size. They are made up of single instances of a node class that hold pointers to the next
node. Therefore if a linked list has no items in, it won’t take up a huge amount of room in memory,
but an empty array will. Linked lists are not so often used in Python, as use of the ‘list’ class is
more convenient a lot of the time. The list class in Python has an ‘append’ method, which usual

‘arrays’ found in other programming languages do not have and are fixed in size.




AS and A Level Computer Science Topic Exploration Pack

Activity 2 Linked lists in Python 3

Learners can implement the linked-list implementation in python using the worksheet. Diagrams

are used to illustrate what is going on.

Once learners have worked through the activities, this is a fully working implementation of a linked-
list. However, a list of extension activities given in the worksheet allow learners to increase the
functionality of the implementation.

Full code for this activity:

def main() :
Nodel = Node ("Apple") #head
Node2 = Node ("Orange")
Node3 = Node ("Pear")
Nodel.next = Node2
Node2.next = Node3
choice = None
while choice != "0":
choice = input ("""0-Exit 1-Print the linked list 2-Insert a value at
a certain point 3-Delete a linked-list value""")
if choice == "1":
printList (Nodel)
elif choice == "2":
dataToInsert = input ("What data would you like to insert?")
valueToInsertAfter = input ("Where would you like that data to go
after?")
InsertData (Nodel,dataToInsert,valueToInsertAfter)
elif choice == "3":
dataToDelete = input ("What data would you like to delete?")
Nodel = DeleteData (Nodel,dataToDelete)

def DeleteData (head,data):
current = head
previous = None
found = False
while not found:
if current.data == data:
found = True
else:
previous = current
current = current.next
if previous == None:
head = current.next
else:
previous.next = current.next
return head

def InsertData (head,data,location):
node = head # give the head node
while node != None:
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if node.data == location:
NewNode = Node (data)
NewNode.next = node.next

node.next = NewNode
node = node.next

def printList (head):
node = head # give the head node
print () #new line
while node != None:
print (node.data)
node = node.next

class Node:
def init (self, data):
self.data = data # instance variable to store the data (a name)
self.next = None # instance variable with address of next node

Binary trees are like an upside down tree where the root node is at the top. Each root node may

have two child nodes, named the left child and the right child.

Binary trees are most commonly used in Binary search trees, where elements deemed smaller
than the root node are given on the left child node and elements deemed larger are given on the
right child node. This gives order to the data structure and therefore can provide quicker search

times than other data structures.

Graphs are networks consisting of nodes that may be linked to one or more other nodes. Graphs
may be directed or undirected, meaning that in a directed graph you may only be able to traverse
to another node one way and not the other. Planning flight paths and train routes are good
examples to give for uses for graphs. A problem that illustrates graphs well is the travelling

salesman or this activity about trying to connect cities using as few paths as possible:
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http://csunplugged.org/minimal-spanning-trees

Hash tables are data structures that process the data you want to add into the table by firstly
performing a hash function to generate a value. This value is a ‘key’ which can later be used to
retrieve the data. A simple example of this would be if a hash function generated a key by adding
the two digits of a number together eg 16 would produce 7 as a key, and so would 25 and so 16
and 25 would be associated to this value. Hash tables are often used for database indexing as

they can be much more efficient than other table lookup structures.

Learners may not necessarily use all of these data structures in their projects but they are still
expected to understand how they work and why they are used. Learners should have covered the

basics of arrays, records and lists before moving onto this section.



http://csunplugged.org/minimal-spanning-trees
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Activity 3 Binary Tree in Python 3

Learners can implement the binary tree implementation in python using the worksheet. Diagrams

are used to illustrate what is going on.

The code in the worksheet is partially complete. For instance, the left hand tree is very much the
same code as the right hand side, which will encourage learners to look at what the code is

actually doing rather than blindly copying.

The worksheet finishes off with proof of how we know the code is working using a trick for

traversing binary trees.

Full code for this activity:

class BinaryTree:
def __init__ (self,rootID):
self.rootID = rootID
self.leftChild = None
self.rightChild = None

def insertLeft(self,newNode):
if self.leftChild == None:
self.leftChild = BinaryTree (newNode)
else:
t = BinaryTree (newNode)
self.leftChild = t
t.leftChild = self.leftChild

def insertRight(self,newNode) :
if self.rightChild == None:
self.rightChild = BinaryTree (newNode)
else:
t = BinaryTree (newNode)
t.rightChild = self.rightChild
self.rightChild = t

#pre order
def printTreePre (tree):
if tree != None:
print (tree.rootlD)
printTreePre (tree.leftChild)
printTreePre (tree.rightChild)

#in order
def printTreelIn(tree):
if tree != None:
printTreeln(tree.leftChild)

10
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print (tree.rootlID)
printTreeln (tree.rightChild)

#post order
def printTreePost(tree):
if tree != None:
printTreePost (tree.leftChild)
printTreePost (tree.rightChild)
print (tree.rootlID)

r = BinaryTree('a')
r.insertLeft ('b'")
r.insertRight ('c")
r.insertRight ('d")
printTreePre (r)
print ()
printTreeln (r)
print ()
printTreePost (r)

11
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Creating, Traversing, Adding and Removing Data

from Data Structures

1.4.2 c) How to create, traverse, add data to and remove data from the data structures mentioned
above. (NB this can be either using arrays and procedural programming or an object-oriented

approach).

Most learners will find the initial data structures easy to construct. In fact, in some cases these are
built directly into the language such as lists, tuples, dictionaries, stacks and queues that are built
into python. See this link for more information:

https://docs.python.org/3.1/tutorial/datastructures.html

Learners may find linked-lists and binary trees difficult, but a breakdown of these are given in
Activities 2 and 3. A simple implementation example of a graph can be found at

https://www.python.org/doc/essays/graphs/. Hash tables can also be constructed in the same way,

although the only difference would be that the key has been generated from a hash function of

some sort.

Learners will usually be able to understand the point of having a specific data structure, but may
have trouble understanding the relationship between nodes in a data structure using Object

Oriented techniques like Linked-Lists or Binary Trees (see Activities 2 and 3).

We'd like to know your view on the resources we produce. By clicking on ‘Like’ or ‘Dislike’ you can help us to ensure that our
resources work for you. When the email template pops up please add additional comments if you wish and then just click ‘Send’.
Thank you.

If you do not currently offer this OCR qualification but would like to do so, please complete the Expression of Interest Form which
can be found here: www.ocr.org.uk/expression-of-interest

OCR Resources: the small print

OCR’s resources are provided to support the teaching of OCR specifications, but in no way constitute an endorsed teaching method that is required by the Board, and the
decision to use them lies with the individual teacher. Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or
omissions within these resources.

© OCR 2015 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this
work.

OCR acknowledges the use of the following content: Maths and English icons: AirOne/Shutterstock.com

12


https://docs.python.org/3.1/tutorial/datastructures.html
https://www.python.org/doc/essays/graphs/
mailto:resources.feedback@ocr.org.uk?subject=I%20liked%20the%20AS%20and%20A%20Level%20Computer%20Science%20Topic%20Exploration%20Pack%20(Data%20Structures)
mailto:resources.feedback@ocr.org.uk?subject=I%20disliked%20the%20AS%20and%20A%20Level%20Computer%20Science%20Topic%20Exploration%20Pack%20(Data%20Structures)
http://www.ocr.org.uk/expression-of-interest

OCR customer contact centre

General qualifications
Telephone 01223 553998

Facsimile 01223 552627

Email general.qualifications@ocr.org.uk

@-LRQA I
( v

150 2001

A DIVISION OF
CAMBRIDGE ASSESSMENT

ovD"
W S.Q(_.G
ic

-

>
E w

/

For staff training purposes and as part of our quality assurance programme your call may be recorded or monitored.

©O0CR 2015 Oxford Cambridge and RSA Examinations is a Company Limited by Guarantee. Registered in England.
Registered office 1 Hills Road, Cambridge CB1 2EU. Registered company number 3484466. OCR is an exempt charity.


mailto:general.qualifications%40ocr.org.uk?subject=

	Contents
	Arrays
	Activity 1 High Scores List using Dictionaries
	Task 1
	Task 2
	Task 3
	Task 4

	Storing Data
	Activity 2 Linked lists in Python 3
	Activity 3 Binary Tree in Python 3
	Creating, Traversing, Adding and Removing Data from Data Structures
	TEP_1-4-2_Data_Structures_Teacher_Instr 2014_v2.pdf
	Contents
	Arrays
	Activity 1 High Scores List using Dictionaries
	Task 1
	Task 2
	Task 3
	Task 4

	Storing Data
	Activity 2 Linked lists in Python 3
	Activity 3 Binary Tree in Python 3
	Creating, Traversing, Adding and Removing Data from Data Structures



<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.6

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'Web'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 600

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





