	1.4 Data types, data structures and algorithms


	Topic Area
	Sub Topic 
	How I feel 

	
	Red 
	Amber
	Green 

	1.4.1 Data Types
	Primitive data types, integer, real/floating point, character, string and Boolean
	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Represent positive integers in binary

	
	
	

	
	
	Your notes

	1.4.1 Data Types
	      Use of sign and magnitude and two’s complement to represent negative numbers in binary.



	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Addition and subtraction of binary integers
	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Represent positive integers in hexadecimal. 
	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Convert positive integers between binary hexadecimal and denary. 
	
	
	

	
	
	Your notes









	1.4.1 Data Types 
	Representation and normalisation of floating point numbers in binary 

	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Floating point arithmetic, positive and negative numbers, addition and subtraction 
	
	
	

	
	
	Your notes

	1.4.1 Data Types
	Bitwise manipulation and masks: shifts, combining with AND, OR, and XOR. 


	
	
	

	
	
	Your notes

	1.4.1 Data Types 

	How character sets (ASCII and UNICODE) are used to represent text. 



	
	
	

	
	
	Your notes

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

	
	
	

	
	
	Your notes

	1.4.2 Data Structures 
	The following structures to store data: linked-list, graph (directed and undirected), stack, queue, tree, binary search tree, hash table. 

	
	
	

	
	
	Your notes

	1.4.2 Data Structures 

	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) 

	
	
	

	
	
	Your notes

	1.4.3 Boolean Algebra


	Define problems using Boolean logic.


	
	
	

	
	
	Your notes

	1.4.3 Boolean Algebra 


	Manipulate Boolean expressions, including the use of Karnaugh maps to simplify Boolean expressions
	
	
	

	
	
	Your notes

	1.4.3 Boolean Algebra 


	Use the following rules to derive or simplify statements in Boolean algebra: De Morgan’s Laws, distribution, association, commutation, double negation
	
	
	

	
	
	Your notes

	1.4.3 Boolean Algebra 

	Using logic gate diagrams and truth tables

	
	
	

	
	
	Your notes

	1.4.3 Boolean Algebra 


	The logic associated with D type flip flops, half and full adders


	
	
	

	
	
	Your notes








Exam Questions 
1. A school keeps data about each of its pupils. State the most suitable data type for each of the following data items (5)

· Pupil's surname
______________________________________________
· A single letter indicating whether they are male or female
______________________________________________
· The amount owed for school trips
______________________________________________
· The number of school trips they have participated in
______________________________________________
· Whether or not the pupil is entitled to free school meals
______________________________________________

2. Represent the denary number 123 in binary using 8 bits.

_____________________________________________________________(1)

3. How many different denary numbers can be represented using 8-bit binary?

_____________________________________________________________(1)

4. What is the hexadecimal equivalent of the denary number 123?

_____________________________________________________________(1)

5. Why are bit patterns often displayed using hexadecimal instead of binary?

_______________________________________________________________

_____________________________________________________________(2)




(c)RLE encoding is a lossless compression method, Give one disadvantage of loss less compression over lossy methods for the compression of images.

_____________________________________________________________(1)

6. Figure 1 shows the contents of a memory location.

	1
	0
	1
	0
	0
	1
	1
	1


					Figure 1
What is the denary equivalent of the contents of this memory location if it represents an unsigned binary integer?

_____________________________________________________________(1)

7. What is the hexadecimal equivalent of the binary pattern shown in Figure 1?

_____________________________________________________________(1)

8. Convert the hexadecimal number DA to denary.

_____________________________________________________________(1)
9. The ASCII system uses 7 bits to represent a character. The ASCII code in denary for the numeric character '0' is 48; other numeric characters follow on from this in sequence.
(a) Using 7 bits, what is the ASCII code for the character '2' in binary?

_____________________________________________________________(1)

(b) How many different characters can be represented using ASCII?

_____________________________________________________________(1)

10. One character encoding scheme is Unicode. An alternative character encoding scheme is ASCII.
(a) State one difference between Unicode and ASCII.

_____________________________________________________________(1)

(b) State one advantage and one disadvantage of using ASCII rather than Unicode for representing characters.

_______________________________________________________________

_____________________________________________________________(2)

11. How many times greater is the storage capacity of a 1 terabyte hard disk drive than that of a 256 megabyte hard disk drive?
Show each stage of your working.

_______________________________________________________________

_____________________________________________________________(2)

12. Represent the denary value -1 g as an 8-bit two's complement binary integer.

_______________________________________________________________

_____________________________________________________________(2)

13. What is the largest positive denary value that can be represented using 8-bit two's complement binary?

_____________________________________________________________(1)

14. Describe how 8-bit two's complement binary can be used to subtract one number from another number. In your answer show how the calculation 25 - 49 would be completed using the method that you have described.

_______________________________________________________________

_____________________________________________________________(2)

15. A computer stores the current temperature of a supermarket delivery van. The temperature in °C is stored as a two's complement integer using a single byte.
(a) Convert the freezer temperature value of -19 into binary.

_______________________________________________________________

_____________________________________________________________(2)



(b) State the range of temperature values that can be stored using 8 bits.

_____________________________________________________________(2)

16. A memory location contains the value 10101011. What is its denary equivalent if it represents a two's complement binary integer?

_______________________________________________________________

_____________________________________________________________(2)

17. A normalised floating point representation uses an 8-bit mantissa and a 4-bit exponent, both stored using two's complement format.

(a) This is a floating point representation of a number:
[image: ]






Calculate the denary number. Show your working.

_______________________________________________________________

_____________________________________________________________(2)

(b)Write the normalised representation of the denary value 12.75 in the boxes below: (2)

[image: ]
(c) Floating point numbers are usually stored in normalised form.
State two advantages of using a normalised representation.

_______________________________________________________________

_____________________________________________________________(2)


18. Convert the following denary numbers to normalised floating point binary form, using an 8-bit mantissa and a 4-bit exponent.
(a) -18.75

_______________________________________________________________

_____________________________________________________________(2)

(b) 0.0625

_______________________________________________________________

_____________________________________________________________(2)

19. An 8-bit word holds the binary pattern 10110010. Start with this bit pattern in each of parts (a), (b) and (c). There is no need to show the contents of the carry bit.

(a) State the contents of the word after a logical left shift of 2 bits. 

_____________________________________________________________(1)

(b) Interpreting the word as a number in two's complement form, state the contents of the word after an arithmetic right shift of 2 bits. 

_____________________________________________________________(1)

(c) State the contents of the word after a circular shift left of 3 bits.

_____________________________________________________________(1)


20. In a particular computer, characters are represented in 8 bits using the ASCII code.

The codes for uppercase letters are from 0100 0001 for A to 0101 1010 for Z.

The codes for lowercase letters are from 0110 0001 for a to 0111 1010 for z.

Give an 8-bit mask and the appropriate logical operation which will:
(a) change any uppercase letter into its lowercase equivalent

_______________________________________________________________

_____________________________________________________________(2)

(b) change any lowercase letter into its uppercase equivalent.

_______________________________________________________________

_____________________________________________________________(2)

21. A 32-bit register holds a four byte value. The bytes are numbered so that the first byte is leftmost. What mask and logical operator is required to achieve each of the following results:
(a) complement the second byte

_______________________________________________________________

_____________________________________________________________(2)

(b) set the third byte to zero?
_______________________________________________________________

_____________________________________________________________(2)

22. (a) Explain why the for... next loop repeated below is not the most efficient type of loop in this Situation.

[image: ]


_____________________________________________________________(1)

 (b) Rewrite the algorithm using a different type of loop. (3)









23. The birth weights in grams of 100 babies, which vary between 1500 to 4000 grams, are held in an array weight.
Write pseudocode for an algorithm which calculates the average birth weight, and then prints out the number of babies who are more than 500 grams below the average weight, together with the average weight of these.(5)










24. The marks for 3 assignments, each marked out of 10, for a class of 5 students are to be input into a two-dimensional array mark so that mark [3 , 1] , for example, holds the second mark achieved by the 4th student. Any missing assignments are given a mark of zero.
Draw a table representing this array, and fill it with test data.(2)










Write a pseudocode algorithm which allows the user to enter the marks for the class. Calculate the average mark for each student, and the class average.(4)









25. In a certain game, treasure is hidden in a 10x10 grid. The grid coordinates are given by grid [row, col] where grid [0, 0] represents the top left hand corner and grid [ 9, 9] the bottom right corner. The grid coordinates of the treasure are signified by a 1 at grid [row, col ] .
All other grid elements are filled with zeros.
What is the purpose of the following pseudocode algorithm?


[image: ]


_______________________________________________________________

_____________________________________________________________(2)

Write pseudocode statements to initialise the grid and "hide the treasure" at a random location inside the grid. (5)









26.(a) Explain why a queue may be implemented as a circular queue.

_______________________________________________________________

_____________________________________________________________(2)


(b) Explain what is meant by a dynamic data structure and why an inbuilt dynamic data structure in a programming language may be useful in implementing a queue.

_______________________________________________________________

_____________________________________________________________(2)

(c) Print jobs are put in a queue to be printed.  The queue is implemented in an array, indexed from 0, as a circular queue which can hold 5 jobs. Jobs enter the queue in the sequence Job1, Job2, Job3, Job4, Job5, Pointers front and rear point to the first and last items in the queue respectively,
(i) Draw a diagram to show how the print jobs are stored, Include pointers in your diagram , (3)








(ii) Two jobs are printed and leave the queue, Another job, Job6, joins the queue,
Draw a diagram representing the new situation, (2)





27. The size of some data structures is fixed when the structure is created,
(a) State the term used to describe such data structures.
Give one example of a type of data structure whose size is always fixed.
Give one advantage of using a fixed size data structure.

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(3)

(b) A queue data structure has two painters called front and next which are defined as:
front points to the first item in the queue
next points to the next available space

The queue is defined as a first in, first out (FIFO) data structure,
(i) State the condition of the pointers when the queue is empty.

_____________________________________________________________(1)

(ii) Write an algorithm to remove one data item from a queue. (4)









(c) The queue may be represented by a fixed size data structure
[image: ]




Explain, with the aid of a diagram, what happens when attempting to add 3 data items to the queue (5)










28. A list data structure can be represented using an array.
The pseudocode algorithm below can be used to carry out one useful operation on a list.
[image: ]
(a) The initial values of the variables for one particular execution of the algorithm are shown in the trace table below, labelled Table 1 .
Draw the trace table for the execution of the algorithm. The first line is given.

	
	
	
	
	List

	ListLength
	New
	p
	q
	[1]
	[2]
	[3]
	[4]
	[5]

	4
	38
	-
	-
	9
	21
	49
	107
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



(b) Describe the purpose of the algorithm in Figure 1.

_____________________________________________________________(1)

(c) A list implemented using an array is a static data structure. The list could be implemented using a linked list as a dynamic data structure instead.
Describe one difference between a static data structure and a dynamic data structure. 

_____________________________________________________________(1)


29. (a) The birds Robin, Sparrow, Blackbird, are entered, in the order given, into a linked list so that they may be processed alphabetically. Draw a diagram of this linked list. (2)









(b) Redraw the diagram after two additional items, Chaffinch and Goldfinch, are added. (2)













(c) Show the list implemented in an array of records, with each node holding a data item and a pointer, after the addition of the new items.(4)









(d) Write a pseudocode algorithm to print out the birds in the list in alphabetical order. (4)


30. A Last In, First Out (LIFO) data structure has a pointer called top.
(a) What is this type of data structure known as?

_____________________________________________________________(1)

 (b) Name and briefly describe one type of error that that could occur when attempting to add a data item or remove a data item from the data structure. 

_______________________________________________________________

_____________________________________________________________(2)


(c) Describe briefly one use of this type of data structure in a computer system.

_______________________________________________________________

_____________________________________________________________(2)


(d) Write a pseudocode procedure for reversing the elements of a queue with the aid of a stack. (6)




31 .Student records held by a school are stored in a database which organises the data in files using hashing.
(a) In the context of storing data in a file, explain what a hash function is. 


_____________________________________________________________(1)


(b) The system allows for a maximum of 1000 unique 6-digit integer student IDs in the file holding current student records. Give an example of a hashing function that could be used to find a particular record. Ignore collisions.

_______________________________________________________________

_____________________________________________________________(2)

32. A bank has a number of safety deposit boxes in which customers can store valuable documents or possessions. The details of which box is rented by a customer with a particular account number are held in a dictionary data structure. Sample entries in the dictionary are:
{0083456: 'e11', 0154368: 'B74', 11 78612: 'B6', 0567123: 'A34'}

(a) What value will be returned by a lookup operation using the key 1178612?
_____________________________________________________________(1)

     (b) The dictionary is implemented using a hash table, using the algorithm
accountNumber mod 500
What value is returned by the hashing function when it is applied to account number 0093421?

_____________________________________________________________(1)

(c)What is the maximum number of entries that can be made in the dictionary?

_____________________________________________________________(1)

(d)(i) Explain what is meant by a collision.

_____________________________________________________________(1)

(ii) Give an example of how a collision might occur in this scenario, using sample account numbers.

_______________________________________________________________

_____________________________________________________________(2)

(iii) Describe one way of dealing with collisions in the hash table.

_____________________________________________________________(1)

33. The figure below shows an adjacency matrix representation of a directed graph (digraph).

[image: ]








(a) Draw a diagram of the directed graph, showing edge weights. (3)












(b) Draw an adjacency list representing this graph. (3)










(c) Give one advantage of using an adjacency matrix to represent a graph, and one advantage of using an adjacency list. Explain the circumstances in which each is more appropriate.

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(4)


34. An undirected graph is shown below.



[image: ]






(a) Complete the adjacency matrix below to represent this graph. (4)



	
	A
	B
	C
	D
	E
	F
	G
	H

	A
	

	
	
	
	
	
	
	

	B
	

	
	
	
	
	
	
	

	C
	

	
	
	
	
	
	
	

	D
	

	
	
	
	
	
	
	

	E
	

	
	
	
	
	
	
	

	F
	

	
	
	
	
	
	
	

	G
	

	
	
	
	
	
	
	

	H
	

	
	
	
	
	
	
	




(b) List the nodes in the order in which they would be visited using
(i) a depth-first search

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(3)


(ii) a breadth-first search

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(3)







35. Data may be stored as a binary tree.
(a) Show how the following data may be stored as a binary tree for subsequent processing in alphabetic order by drawing the tree. Assume that the first item is the root of the tree and the rest of the data items are inserted into the tree in the order given,

Data items: magpie, robin, chaffinch, linnet, thrush, blackbird, fieldfare, skylark, pigeon.

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(3)


(b) Show how the data could be represented using three one-dimensional arrays.

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(3)

(c) List the order that the nodes would be visited using
(i) a pre-order traversal

_______________________________________________________________

_____________________________________________________________(2)

(ii) an in ·order traversal

_______________________________________________________________

_____________________________________________________________(2)



(iii) a post -order traversal

_______________________________________________________________

_____________________________________________________________(2)

36. In what order should the following tree be traversed so that each section and subsection

_____________________________________________________________(1)

[image: ]



37. (a) Complete the following truth table for the XOR logic gate. (1)

[image: ]




(b)Draw logic circuits for the following Boolean expressions:
(i) Q = A ⊻ B v B         		   (3)




(ii) Q = A  B  C      		    (3)




(iii) Q =  (A v B) v (A  C)		    (3)




38. The figure below shows a logic circuit.

[image: ]

(a) Write the equivalent Boolean expression.

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(4)




(b) What are the values of F, G, H, K and Q if A, B, C and D and E are all equal 1?


_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(5)

39. Three sensors A, Band C are used to monitor a process. A signal X is output from the circuit.
X has the value 1 if ei ther of the following conditions are met:
Sensor A outputs 1 AND sensor B outputs a
Sensor B outputs 1 OR sensor C outputs a
Draw a logic circuit to represent these conditions.	 (5)




















Figure 1 

[image: ]

40. (a) Write a Boolean expression for P in the logic circuit shown in Figure 1.

_____________________________________________________________(1)

(b) Write a Boolean expression for R.

_____________________________________________________________(1)

(c) Draw the truth table for the logic circuit.    (3)






41. Simplify the Boolean expressions below.

(i) A v B  (A  B)					     (3)






(ii) (A  B)  (A v B)  (B v B)                         (4)






42. (a) State the names of the logic gates represented by each of the truth tables below. (2)

[image: ]
(b) Simplify the following Boolean expressions.
(i) B  (A  A)

_____________________________________________________________(1)
(ii) A  B  B

_____________________________________________________________(1)
(iii) (A  B)  (A  B)

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_____________________________________________________________(4)


(c) Draw a logic circuit for the following Boolean expression:
Q = A  B  (A  C)	(3)







43. A Karnaugh map is shown below.

[image: ]
What Boolean expression does this map show?

_____________________________________________________________(1)

44. A Karnaugh map is shown below.
[image: ]	
What Boolean expression does this map show?
_______________________________________________________________

_____________________________________________________________(2)

45. Use Karnaugh maps in the format given below to simplify the following expressions:
(a) (B  C)  (A  C)  (A  B)  (A  B   C)			(3)

[image: ]


(b) (A  B)  (B  C)  (B  C)				(3)

[image: ]

46. Use a Karnaugh map to simplify the following expression.
(A  B  C  D)  (A  B  C  D)  (A  B  C  D)  (A  B  C  D)
[bookmark: _GoBack] (A  B  C  D)  (A  B  C  D)  (A  B  C  D)		(4)







47. A half-adder is used to find the sum of the addition of two binary digits.
(a) Complete the diagram below to construct a half adder circuit. (3)
[image: ]


(b) Complete the following truth table for a half adder's outputs S and C.
[image: ]
(c) How does a full adder differ from a half adder in terms of its inputs?
_______________________________________________________________

_____________________________________________________________(2)

48. An edge-triggered D-type flip-flop can be used as a memory cell to store the value of a single bit.
The following graph shows the clock cycle and the input Signals applied to D.
(a) Label each rising edge on the diagram below. 				(1)
(b) Draw the flip-flop's output Q on the graph.				(4)

[image: ]


image4.png
) Chapter 33 - Arrays and Tuples pdf - Adobe Acrobat Pro.

File Edit View Document Comments Forms Tools Advanced Window Help

&) cmie - ) comtion - &2) ottt @ sec - s

[ - p—

string surnane
date dateofBirth
string class
end record
Thia s an example of a user-defined data type.
Avariable of type s tudent may then be declarod as
student : studentType

red 10 as student . surname.
The surname of the student, for example, would be referred 1o a5

for row = 0 to 9

for col = 0 to 9
if gridirow, col] == 1 then
Print("zow ", row, " column ", col)
endis
next col
next row

Wito psaudocod statements to inliaise the gric and *hid the troasure* a a random location
inside the grid

v - = -
=) DiesciNOK O™ 6
) Pt ot st e o w
N upil[0] = “Mary"
s pogtiial 2. Tho bith weights i grams o 100 babies, which vary between 1500 to 4000 grams, ar held
Records date, the data needs
EEH 1. oo v ey 0t o st o o e 0 RS Wit pscudooods foran algor whih calculates the avrage birth weight, and then prints
10bo lored inaflo on dk.Tha most common vay of st rc 2Pl o 0ut 1 numbe of babies who ere more then 500 grams below the average wa, togemer
metimes you need to create and intert ing with the average weight of theso. i)
e 1 rcords, A ecordconains e offlld, cach holdng o ]
one item of data. For example, in a file hoiding o a two-dimensional array mark so that mark 3, 1), for example, holds the sscond mayk
e s N [T o by h i s o g s g e
i
Gemma == %
i o Gerrard 17/11/2008 o Wite & pseudocads algorithm which allows the user to enter the marks for the class,
s = Davidson 08/08/2002 Callulats the average mark for each student, and the class average, 2]
2016 e
e o . ot g, oo s 10101 g ot o by
three recards, sach record having § fields. In some languages, a grld(row, coL| where giid (0, 0) represnts the 10p eft hand comer and grid (9, 9] the
The table shows a file containing Mm'mﬂﬂ ’ battom right cormer. Tha grid coordinates of the treasure are signified byalatgridrow,col]
typa wil be dedlared in the folowing ma Al other grid slements are filod with zeros.
et - “





image5.png
) Chapter 34 - Queues.pdf - Adobe Acrobat Pro

File Edit View Document Comments Forms Tools Advanced Window Help

&) crmie B comtine - &) Cotorie - (@ secne 5 (3

P YS—

SEHLI® 8/

w ) K| eS wx -

= g

ue is determined by their priority, with the
jest priority items at the back. It is therefore.
er than at the rear.

iority of each item in the queue, starting at the
same or lower priority is found, at which point

next points to the next available space

The queue is defined as a first in, first out (FIFO) data structure.

() State the condition of the pointers when the queue is empty.

(i) Write an algorithm to remove one data item from a queue.
(©) The queue may be represented by a fixed size data structure,

f¢e——— data structure ‘J

[
% |

Explain, with the aid of a diagram, what happens when attempting to add 3 data
items to the queue.

U]
@

(81

OCR F453-01 Qu § June 2012

(]





image6.png
) Chapter 35 - Linked Lists pdf - Adobe Acrobat Pro

Fle Edt View Document Comments Forms Tools Advanced Window

Hep

&) cmie - ) comtion - &2) ottt @ sec - s

P YS—

=] D e 5

w Y ®e® wx -

= (5 Fine

CHAPTER 35 - LISTS AND LINKED LISTS

item
jeleting the first item

rting into an empty st and d
the free space list.

)

Exercises

1

if ListLength > 0 then
while p <= ListLength AND List([p] < NewItem
p=p+1
endwhile
for g = ListLength downTo p
List[q + 1] = List[q]
next gq
endif
List[p] = NewItem
ListLength = ListLength + 1

(a) The initial values of the variables for one particular execution of the algorithm are shown in the
trace table below, labelled Table 1.

Draw the trace table for the execution of the algorithm. The first line is given and you will need to
draw extra rows,





image7.png
) Chapter 38 - Graphs pdf - Adobe Acrobat Pro
File Edit View Document Comments Forms Tools Advanced Window Help

&) cotborne - ) secre~ A s

Dies O &

— DATA STRUCTURES CHAPTER 36 - GRAPHS

s were visited i tho order A G F JHD G EB K.
oquence involved some choices, 5o s not unique. Another depth-first oute would be

EHJFGBK

th-first search
J breacin-frs traversal, we visit all the neighbours of a node, and then il the neighbours of the
jode visited, il the neighbours of the second nadis and so on, before moving further away from the.
ode.

F
#

L

61 Draw a diagram of he directed graph, showing edge weights. 5]
(o) Draw an adjacency fst reprasenting this graph. @

{6 Glee ono advariago of using an acjacency mat 10 ropresant a graph, and ane ackantage
ofusing an adjacancy ls. Expain the ircumstances i which cach is more approprise “

2. An undirected graph is shown below.

Figuro 38.4

Pagel7ofl7 2263words [F 83

© - ceojumm] L]





image8.png
) Chapter 38 - Graphs pef - Adobe Acrobat Pro
Fie

Edit View Document Comments Forms Tools Advanced Window Help
) creste~ ) combine - 3) Collaborste - ) Secure = Sign + (3] Forms ~ [y Muttimedia + (5 Comment -
B 0’v3” ) & (@8 5% - = (] Fnd -
- ST ST asACeTIoy ST EXPIAIN e circumstances in which each is more appropriate.

2

N

(a) Complete the adjacency matrix below to represent this graph.

A B c D E

F

1654x11700n <

Page 18 0f 15

B1owords [

&

=]

Clmm[~]





image9.png
B - Trees.pdf - Adobe Acrobat Pro
) Chapter 39 - Trees.pe
File Edit View Document Comments Forms Tools Advanced Window Help

) e ) contine - ) Coiome - (@ Sere+ P S~ [5] Foms - [ timedin - (S Comment~

i | 0| © € =N
P + 4 s &R e ® wx =
=y =] v k| {2

2. »
ubsection is
sequence?

lence in which algebraic expressions
ilers 1o evaluate expressions.





image10.png
1

E:)

2

q

Page 220123

) Chapter 40 and 41 Logic gates pdf - Adobe Acrobat Pro

Fle Edt View Document Comments Forms Tools Advanced Window Help

&) cmie - ) comtion - &2) ottt @ sec - s

[ T p—

.%H e"sls

) K| &S -

=)

Find 5

S —

SECTION 3 BOOLEAN ALGEBRA

CHIPTEN 40 - LOGIC GATES AND TRUTH TABLES.

Defining problems using Boolean logic
Wo can defineproblems n erms of Boolean ogi

Example 1
A boler s two sensors, @ prossirg sensor and a lempersture senoor, I othr
pressuro (P} s too High, a vahve (] wil close.

This can bo axpressed as =T v P or altamatvely asV = TOR P

T tabla represering thesa conditions could ba drawn as folows:

o temperature

Exercises

1. ) Completethe folowing bl fo the XOR lgic gate.

y

[Cutpita

it Binary value

Gondition

1 Temperature {00 nigh

61 Draw logc crcuits for th follawing Boclean xr

T

Tomperature nottoo hgh

0 a-avav-s

0
T Prossure to0 igh
o Pressure not 00 high

M 0=-ArBvC

Example 2
A chemical process s sensor 1o
“The sarm fs sounded i

sither temperatura >= 100°C AND rotator s OFF.

dotoct a dangarous stuaton, i which case

o PH> B AND lemperature < 100°C
A tabl can be drawn 1o eprésent ihose conditons s Bacleen values,

o it sounds an slarn (3,

) 0= viane)

2 The igur below shows & oo Gt

Tnput Binary value

Gondition

T

Temperatre >=100C
Temperature < 100°C

Fotator ON

Fotator OFF.

Pr>6

{e) Wite the oquivalent Bosloan axpression.
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it Binary value Gondition

1 Temperature {00 nigh
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o

6] Drawlog cicuts for th following Boclean expressons:
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Pressure not 00 high

Example 2
A chamical process s sensar o
“The sarm fs sounded i

sither temperatura >= 100°C AND rotator s OFF.

otect a dangarous sitation, i wich case i sounds an sarn (3

o PH> B AND lemperature < 100°C
A tabl can be drawn 1o eprésent ihose conditons s Bacleen values,

Tnput Binary value Gondition
Tompeature >=100°C

[ o

1
T T | Tempenatue <100
Fotator ON
Fotator OFF.
Pr>6

L o

{e) Wite the oquivalent Bosloan axpression.

e dagiions oan he WA 6] What @ the values of .G, H, K and Q1 A, B, G and D and E aro i equel 17

e o) or ety s A T AND NOTF)OR (°ANDOT 1) Three sensors A, B andl C ara e 1o moritor a process. A signal X output from the circu

Xnas tho valup 1 i iter o th
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Sonsor A oulputs 1 AND sensor B outputs 0
‘Sensor B cutpuls 1 OR sensor C outpuls 0
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{c) Draw the truth table for the logic circut. * Simpilty Boolean exprossions using Karnaugh maps.
Introduction
A Karugh 2 s anaratve way of silfingBookan agrsssans which s o s
15 i Bookan dgtea o tces ot u 10 v o it S s
2 s U 0ol dtoct 105 of essions i comrrn o
The two-variable problem
ha 110 blow shows i corspndancsbetvesn a it taleand a Karacgh e,
B
2. Simpify the Boolean expressions below. o
O AvBAAY -8 1
0 ~AARBIALAVE) A (BYE) o
.l stttn s oo s sy i sl T
[CinputA | inputB | Output
[ ] L The values inside tha squares are copied from the output column of the truth tebe, so there s one
o 1 [ ‘square in the Kamaugh map for every fow In the truth table. Suppose we have the. following truth table:
. v 0
1 1 1| Logio gate name: InputA_[ “Input B a
| - o [ 0%
) [] KR EETC
i (.
| [ ) 7
— Tho conesponng Krnaugh map s
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] [inputA | inputB | Output Lifr]ef
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4 o C : e value nsi ha sauers arecopod o tho ot coa o h it e, 50 ters s o
A 0 1 0 S0 1 b Kamaugh map fo very o b th i tal Suppocs wo ave h g o bl
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o The conssponding Kameugh mao .
1 1 [ Logic gate name: ordne Kadrmugh rep)
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CHAPTER 42 - KARNAUGH MAPS

aroup outined in green “wraps around” but i stil a singlo group. Tho exprossion simpifios to

<)

variable problem
ariaies, each row or coumn represents a combinaton o two vriabes

 tho oxprossion A v (A & ~ B A C » D) n a Karaugh map, and hence simpiy the expression.

e S

Exercises
1. AKamaugh map is shown below.
o
"8

00

o1

1"

10]

What Boolean expression doas this map show?
2. AKamaugh mep s shown bolow.

oo
ag\_00

00

11

o
o[ o
1
1

o)

What Boolean expression oes this map show?
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N <)

variable problem
ariaies, each row or coumn represents a combinaton o two vriabes

oo co
ABN\_ 00 01 11 10 ABN_00 o1 1 10

 tho oxprossion A v (A & + B A C » D) i a Karaugh map, and hence simpiy the expression.

oo

LIENEEERE

]
o
[AERERE NENERENE
]

TXercrses
1. AKamaugh map is shown below.

What Boolean expression doas this map show?

2. Akamaugh mep is shown bolow.

BN\_00 o1 1 10
0o 1]o]o
o[ o[ 1o o
RN ERERE
LENEEERE

What Boolean expression oes this map show?

@ BACIVANG)VANB) YA A8 A~C)
® (AAB)V (B A-ClvBAC)
o
AN 01 11 10

3. Use Kamnaugh maps in the format given below to simpify the following expressions:

2]

5]
]
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ariaies, each row or coumn represents a combinaton o two vriabes

 tho oxprossion A v (A & ~ B A C » D) n a Karaugh map, and hence simpiy the expression.

2. AKamaugh mep i shown bolow.

o
o
1
1

What Boolean expression oes this map show?

2]

) &)
B ABN_ 00 01 11 10 ABN_ 00 01 11 10 3. Use Kamaugh maps in the formt given below to simpify tho following expressions:
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N of the Karnaugh map method
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ted by an OR symbol (v) (CARBACAD)V(ANBACADIVAABACAD)Y(AA-BAGAD)
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B er of groups
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only tokos on a now valu f he value at D has changed a the point of & lock puse Exercioes

s tht the clock pule il 26z or slors' the nput value at D unithe next clock pus.

Eictiecteombiol ool i 1. A Ra-adder i used to find the sum ofth adcltion of o binary digs.

(@) Compiet th diagram below 1o consruct a hal adder cirut,

of a D type flip flop as a memory unit

comprises several NAND (or AND and OR) gates and is effectively 1-bit memory. To store eight
f1p-fops aro required. Register memorios ar consiructed by connectng a saris of fip-1ops

s ar typicaly used for the intermediat storage nesdid during arfhmetic operatons. Statc

o created using D-type fp-fops. magin tying 0 assemble 16 of memory i this way!
below Hstrtes how he output Q oy changes to match the nput D inresponse toth risng

v cook signal.  thersore delays, or stores’ he vlue of O by up to one lock cyce.

b) Complete the folowing truth table for  haf adder's outputs S and C.
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. i that the clock pulse wil froeze or store’ the input value at D unti the next clock pulse.
i i S o 1t e ples, i oo il ol thessame Yok, 1. Ahalf-aider is used 10 find the sum of the addtion of two binary digits
a) Gomplete the clagram below to consiruct a haf adder cirout 18

of a D type flip flop as a memory unit
| comprises several NAND (or AND and OF) gates and is effectively 1-bit memory. To store eight i N
f1p-fops aro required. Register memorios ar consiructed by connectng a saris of fip-1ops
ct e typically ser for theintermediae storage needed during arthmetic operaions. Statc
o created using D-type fip-lops. magine tryng 10 assembe 16GE of memary inthis way!
below Hustrtes how he output Q oy changes o match the nput D inresponse o th risng
v cook signal.  thersore delays, or stores’ he vlue of O by up to one lock cyce.

] 1

) How does a full adder difer from a half adder in terms of s inputs?

An adge-riggered D-type fip-flop can be used as a memary cellto store the value of a single bt
The following graph shows the clock cycle and the input signals appiied to D.

(e} Label each rising sdgo on the diagram below
o) Draw the fip-flop's output Q n the graph.
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Now normalise the numbar by moving the binary point rght 1 place, which increases tho.

number, and decrease the exponent by 1

Rt [o31[oTe o 1[1[0] [a]i]e]T

Q11: Subtract the number 01001000 0011 from 01011000 0000

Underflow and overflow

Underflow occurs when a number is 100 small 1o be represented in the alltted number of bits, I, for
‘exampl, a very small numbar s divided by another number greater than 1, underfiow may accur and the.

resuit wil be represented by 0.

Overflow ocours when the resul of a caloulation is 100 lerge to be held in the number of bits alocated

Exercises

1. Anormalised floating point representation uses an 8-bit mantissa and a 4-bit exponant, both stored

using two's complement format.
(e} Thisis a floating paint representation of a number

[o[i[1[e[oTo]o] [e[a[i]a

Mantissa Exponent
Galcuiate the denary number. Show your working.
b} Wrke the normalisod representtion of the denary valua 12.75 In the

T

boxes below:

6-31

@

= EIRIPEEE

Mantissa Exponent 2]
6} Floating point numbers are usually stored in nomalised form.
State two advantages of using a normalised representation. 2
2. Convert the following denary numbers to normalsed fioating point binary form, using an 8-bit
mantissa and a 4-bit exponent.
1654 x11.70 in i,
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Now normalise the numbar by moving the binary point rght 1 place, which increases tho.

number, and decrease the exponent by 1

Rt [o31[oTe o 1[1[0] [a]i]e]T

Q11: Subtract the number 01001000 0011 from 01011000 0000

Underflow and overflow

Underflow occurs when a number is 100 small 1o be represented in the alltted number of bits, I, for
‘exampl, a very small numbar s divided by another number greater than 1, underfiow may accur and the.

resuit wil be represented by 0.

Overflow ocours when the resul of a caloulation is 100 lerge to be held in the number of bits alocated

Exercises

1. Anormalised floating point representation uses an 8-bit mantissa and a 4-bit exponant, both stored

using two's complement format.
(e} Thisis a floating paint representation of a number

[o[i[1[e[oTo]o] [e[a[i]a

Mantissa Exponent
Galcuiate the denary number. Show your working.
b} Wrke the normalisod representtion of the denary valua 12.75 In the

T

boxes below:

6-31

@

= EIRIPEEE

Mantissa Exponent 2]
6} Floating point numbers are usually stored in nomalised form.
State two advantages of using a normalised representation. 12)
2. Convert the following denary numbers to normalsed fioating point binary form, using an 8-bit
mantissa and a 4-bit exponent.
1654 x11.70 in i,
S &7 [




image3.png
) Chapter 33 - Arrays and Tuples pdf - Adobe Acrobat Pro.

Fle Edt View Document Comments Forms Tools Advanced Window Help

) reste - ) Combine + &) Cotborste g} Secure =/ Sign -

[T P yi—

=) P 28 NG KOS -

=)

Find 5

CHAPTER 35 - ARRAYS, TUPLES AND RECORDS.

G101 7 - DATA STRUCTURES

ples

A tuple is an ordered set of values, which
numbers, or even graphic mages, sound fles or
o the same type. However, a tuple, ke a sting,
hanged, and you cannot dynamically add elements to or

ould be elements of any type such as sirings, ntegers o réel
armays. Unlke arrays, the lements do not all have to be
5 immutable, which means that s slements cannot be
ielete elements from a tuple.

In Python a tuple is written in parentheses, for example:

pupil = (ndohn”, 78, "a")

‘Yo can refer o individusl elements of a tuple, for sxample
name = pupil(0]
bt the following staement is Invalic

Pupil0] = "Mary"

Records
can read of
f you want to store ata permanently so fhat you : o
T T o coon iy sl igo ot o Gt coner
s dotaase, but sometimos you need o create and interrogate your ow fles
5. A record cortains a number o flelds, each holding
you might have the foloving

update It at a fuiure date, the data needs
jontly is 10

1 of records
Gonerally, a file consists of a numbr of
one ftem of data. For example,in  fle hoiding data about students

record structure:
5 Firstname
e Gemma.
B Paul
2016 Een

Class
26
26
£

DateOBirth.
01/05/200¢
1771172003
08/08/2002

Surname
Banes
Gerrard
Davdson

arecord

The tabie shows a fle containing three records, each record having § felds. In soms languages.

Exercises

1. Referting to the BircWatch program iven carler in this chapter:
(a) Explain why the for

et lop rpeste oo i et e
in this situation. il

for count = 0 to 7
4f bird == birdName(count] then
birdeound = True

birdsObserved = input ("Enter numper of birds observed:

birdCount [count] = birdCount [count] + birdsObserved
endif

next count
b) Rewrito the slgorithm using a difierent type of oop.

2. The birth weights in grams of 100 babies,

e ey btwoon 150010 4000 rars,
in an array weight. i

Wite pseudocode for an algorithm which calculates the
out the numiber of babies who are more than 500
with the average veight of these.

average bith weight, and then prints
‘9rams below the average welgh, togethor

The marks for 3 assignments, each marked out of 10, for & cla
Mo a two-cimensional array mark so that mark 3,
achiovad by the dth student. Any missing assignment

555 0f 6 students e to bo input
11, for example, holds the second mark
s &re givon a mark of zero,

Draw atablo representing this array, and fil It with tost data,

Wite & psaudocode algorithm which allows the user to enter the marks for he class,
Callulats the average mark for each student, and the class average,

In a certan game, treasuro i hidden in a 10x10 grid. The grid coorcinates are given by
9xid[rou, col] where grid (0, 0) represents the top left hand comer ant s set 14 a1 e

1654x11700n <





