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1.1

End of topic questions

Computation
Q1 Computation is the act or process of calculating or determining something by mathematical, logical or interactive methods.

Q2 “Computing is no more about computers than astronomy is about telescopes.”

Q3  Computability refers to what can and cannot be computed.

Q4 Computing is the study of natural and artificial information processes.

Q5 Artificial Intelligence is a branch of computing that studies the use of computers to perform. computational processes normally associated with the human intellect.

Programming, abstraction and automation

Q6 An algorithm is a description, independent of any computer programming language, of a process for achieving some task. It is a step-by-step procedure for solving a problem.

Q7 The purpose of an algorithm is to communicate a computation to humans not to computers.

Q8 They are not the same thing.  An algorithm is meant to be independent of any programming language and is aimed at describing to a human not a machine how to solve a problem.

Q9 No.
a) Abstraction – how to communicate complex ideas simply and how to decompose problems logically.

ii)  Automation – how to automate an algorithm.

Exam practice questions
Q10 1

i) The study of natural and artificial information processes.
ii) The act or process of calculating or determining something by mathematical, logical or interactive methods.
iii) A measure of what can and cannot be computed.
1.2

Activities
Page 9 - Define the boundaries
Take the middle filled glass and pour its contents into the middle empty glass

Assumption: The contents of the glasses had to remain unchanged or that the glasses could only be rearranged.
Message: you need to take time to clarify the rules/constraints/boundaries.
Page 10 - Lateral thinking puzzles

Romeo and Juliet are goldfish. They died when their bowl fell to the floor and shattered leaving a trail of broken glass and water.
The man is a dwarf and is unable to reach the lift button for the eighteenth floor when ascending the lift. Of course, if it has been raining in the morning the man will have his umbrella with him which he uses to press the lift button to the eighteenth floor.

Page 11 - Interpreting a hierarchy chart
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Page 11 - Module chart

Page 12 - Stepwise refinement

0 Calculate Sum and Average of two Numbers

  0.1 Get two numbers

    0.1.1 Read(No1)

    0.1.1 Read(No2) 

  0.2 Sum two numbers
    0.2.1 Sum ← No1 + No2

  0.3 Find Average

    0.3.1 Average ← Sum / 2

  0.4 Display Sum

    0.4.1 Write('Sum = ', Sum)

  0.5 Display Average

    0.5.1 Write('Average = ', Average)

Page 13 - Hierarchy chart for triangle problem

End of topic questions

Understanding the problem

Q11 A problem is a given where it is not immediately obvious how to reach the goal.

Q12 Problem solving involves moving from an initial state, the given, to a desired state, the goal, using a set of resources, possibly constrained, to help reach the goal.

Q13 Understanding a problem means turning an ill-defined problem into a well-defined problem stated clearly and unambiguously.

Defining the problem

iv) Givens

v)      Resources and constraints

vi) Goal

vii) Ownership

Q14 Ownership is not made clear. 

Q15 These are rules, regulations and guidelines for what you are allowed to do in solving a particular problem.
Q16 It enables a problem definition to be made clearer (by establishing the facts and rules and defining the boundaries of problem solving).
Defining boundaries

Q17 Defining boundaries to a problem means establishing the limits or rules about what can and cannot be done. These limits are a type of constraint.
Q18 Time, available equipment and software (resource-type constraints).

Q19 Lateral thinking allows an ill-defined problem to be transformed into a well-defined problem. Lateral thinking can be used to challenge assumptions, establish facts and rules and define the boundaries of problem solving.

Q20 Lateral thinking is used:

viii) To add facts to those started with by asking questions.

ix) To separate what is established from what hasn’t been established but has unconsciously been assumed. One way to do this is by closing your eyes and picturing the scene described. Then focusing on all the details of this picture which were not actually given because these are all assumptions.

x) To make new proposed facts from matching together other facts.

Planning a solution
xi) What strategies will you apply?

xii) What resources will you use?

xiii) How will you use the resources?

xiv) In what order will you use the resources?

xv) Are your resources adequate for the task?

Q21 A module is a self-contained entity that results when a problem is divided into sub-problems; each module corresponds to a sub-problem.

xvi) Top-down design means breaking a problem down into smaller problems called sub-problems which are easier to work on.

xvii) Stepwise refinement is the process of breaking a problem down through successive steps into smaller problems.

Q22 A structure table is an indented, numbered list of steps produced by the process of stepwise refinement.
Level 0 Travel from London to Manchester

Level 1

1. Join M1 at J1

2. Switch from M1 at J19 onto the M6 in direction of Birmingham

3. Leave M6 at junction J19 travelling in direction MANCHESTER along M56 then A556.

Exam practice questions
Answers could include:

· ‘On any topic’ means that the initial state is not clearly defined. What are the topics? These are not clearly defined.

· ‘Compose poetry’ is too vague a goal state. How will the system know that it has created poetry?

· What are the rules/guidelines governing the poetry creation process. Can they be specified? What length should each poem have, for example? It will be very difficult to specify these rules.

· Does this student have sufficient knowledge and skill to create such a system? The answer is likely to be no.
1.3

Activities

Page 14 – States of a lift 

Lift at ground floor and ground floor doors closing

Lift at ground floor and ground floor doors closed

Lift at ground floor and ground floor doors opening

Lift at ground floor and ground floor doors open

Lift at first floor and first floor doors closing

Lift at first floor and first floor doors closed

Lift at first floor and first floor doors opening

Lift at first floor and first floor doors open

Lift at second floor and second floor doors closing

Lift at second floor and second floor doors closed

Lift at second floor and second floor doors opening

Lift at second floor and second floor doors open

Lift travelling up between ground and first floor

Lift travelling up between first and second floor

Lift travelling down between second and first floor

Lift travelling down between first and ground floor

Lift stuck between ground floor and first floor

Lift stuck between first and second floor

Page 14 – Lift inputs and outputs


Button outside lift pressed on ground floor

Up button outside lift pressed on first floor

Down button outside lift pressed on first floor

Down button outside lift pressed on second floor

Button inside lift pressed on ground floor

Button inside lift pressed on first floor

Button inside lift pressed on second floor

Doors close button inside lift pressed

Doors open button inside lift pressed

Doors motors on to close command

Doors motors on to open command

Doors motors off command

Lift motor on to descend

Lift motor on to ascend

Lift motor off

Alarm button inside lift pressed

Doors fully open sensed

Doors fully closed sensed

Lift reached ground floor sensed

Lift reached first floor sensed

Lift reached second floor sensed


Obstruction to doors closing sensed

Up button outside lift on ground floor illumination on

Up button outside lift on ground floor illumination off

Up button outside lift on first floor illumination on

Up button outside lift on first floor illumination off

Down button outside lift on first floor illumination on

Down button outside lift on first floor illumination off

Down button outside lift on second floor illumination on

Down button outside lift on second floor illumination off

Floor level indication inside lift

Floor level indication outside lift ground floor

Floor level indication outside lift first floor

Floor level indication outside lift second floor


Page 18 – Decision tables
	2 
	3 Rules or condition options: Y means Yes, N means false No

	Conditions
	X > 6
	Y
	Y
	Y
	Y
	N
	N
	N
	N

	
	Y < 7
	Y
	Y
	N
	N
	Y
	Y
	N
	N

	
	Z = 3
	Y
	N
	Y
	N
	Y
	N
	Y
	N

	Actions
	Output 'Pass'
	X
	X
	X
	
	X
	
	X
	

	
	Output 'Fail'
	
	
	
	X
	
	X
	
	X


End of topic questions
Finite state machines

Q23     zero or more b’s 


or 


an even number of a’s 


or 


zero or more b’s followed by an even number of a’s followed by zero or more b’s 


or 


zero or more b’s followed by an odd number of a’s followed by one or more b’s followed by an
odd number of a’s followed by zero or more b’s.
Q24 Combination lock state transition diagram:


Combination lock state transition table:
	4 Input
	5 Current State
	6 Next state

	9
	Locked
	First Digit

	Anything but 9
	Locked
	Locked

	5
	First Digit
	Second Digit

	Anything but 5
	First Digit
	First Digit

	6
	Second Digit
	Unlocked

	Anything but 6
	Second Digit
	Second Digit


Q25 State transition diagram:

Q26 Decision table:
	7 
	8 Rule or condition options: Y means Yes, N means No

	Conditions
	X > 6
	Y
	Y
	N
	N

	
	Y < 7
	Y
	N
	Y
	N

	Actions
	Output "Pass"
	X
	X
	X
	

	
	Output "Fail"
	
	
	
	X


Exam practice questions
i. ABBABC
	Input
	Current State
	Output
	Next state

	A
	S​0
	A
	S​1

	B
	S​1
	B
	S​1

	A
	S​1
	A
	S​0

	C
	S​0
	C
	S​2

	A
	S​0
	A
	S​1

	B
	S​1
	B
	S​1


1.4

Activities
Page 19 - Cheese and pickle sandwich recipe
If white bread sliced already

  Then butter one side of each of two slices thinly and

      completely

  Else 

      Slice white bread twice with a bread knife to produce 

          biteably-thick slices taken together

      Butter one side of each of the two slices thinly and

          completely using another knife

Cut off slices of Cheddar cheese, using a clean sharp knife, 

    to cover one slice of bread with one layer of cheese, 

    thickness similar to thickness of one slice

Apply smothering of chutney pickle to cheese on slice of bread

Cover with second slice of buttered bread

Using the bread knife, cut the sandwich in two through two diagonally opposite corners

End of topic questions

Algorithms

Q27 An algorithm is a description of a process independent of any programming language. 

Q28 A program is a description in a programming language of a process that achieves some result that is useful to someone.
Q29 An algorithm describes how to solve some problem but an answer cannot be produced automatically from the algorithm alone, it can be manually though. However, some algorithms would take far too long to execute manually by a human. Therefore, an algorithm needs to be expressed as a computer program and the computer program executed automatically to obtain a result. 

b) ¾ fill saucepan with water from cold tap

ii) Place egg in saucepan

iii) Place saucepan on hob

iv) Heat water to boiling point

v) Reduce heat to simmering

vi) Start clock

vii) Switch off heat after two minutes

viii) Remove egg from saucepan

Planning an algorithm

i) Sequence – consecutive steps or groups of steps processed one after another in the order that they arise.

ii) Selection – a decision-making step.

iii) Repetition or iteration – a step or sequence of steps that are repeated until some condition is satisfied or while some condition is satisfied.

iv) Remove wheel with flat tyre from bicycle

v) Remove inner tube from wheel

vi) Find puncture

vii) Patch puncture

viii) Fit inner tube back onto wheel

ix) Inflate tyre

x) Fit wheel back onto bicycle

Step 1 refinement


1.1 Slacken wheel nuts until wheel loose


1.2 Slacken brake caliper


1.3 Remove wheel

Step 2 refinement


2.1 Apply first tyre lever to tyre and lock to a spoke

2.2 Apply second tyre lever and ease tyre over rim all way round

2.3 Remove inner tube

Step 2.3 refinement


2.3.1 Remove ring nut from inner tube adapter


2.3.2 Push/pull adapter through hole for adapter in rim until it 

                         no longer projects out through rim


2.3.3 Remove inner tube

Step 3 refinement


3.1 Pump some air into inner tube


3.2 Place inner tube in bowl of water


3.3 Look for escaping air

Step 4 refinement


4.1 Abrade rubber in area around puncture


4.2 Apply a layer of rubber solution the size of the patch around 


          puncture area


4.3 Press patch firmly onto area around puncture

Steps 5 and 7 are refined as well to be the reverse of 2 and 1 respectively

1. Repeat Until all chairs stacked

Step 1 refined

1.1 Repeat Until no more chairs

1.2 If next chair stack < 6

      Then stack chair

1.3 If next chair stack = 6

      Then place chair on new stack

Computer-base problem solving

xi) Identify the problem inputs

xii) Identify the problem outputs

xiii) Determine the variables

xiv) Derive the algorithm that transforms inputs into outputs

Q30  Assignment is an operation that assigns a value to a variable
Q31 .

Problem inputs: Three numbers

Problem Output: Largest number

Problem variables: x, y, z, Largest

Algorithm:

Input x, y, z

Largest ← x

If y > Largest

  Then Largest ← y

If z > Largest

  Then Largest ← z

Output Largest

Expressing algorithms
	n
	Result

	
	0

	2
	2

	6
	8

	34
	42

	12
	54

	0
	54


xv) Structured English

Input b, c

Calculate Square root of b squared plus c squared

Output result

xvi) Pseudocode

Input b, c

a ← Sqrt(b*b + c*c)

Output a


Exam practice questions
xvii) Selection, sequence 
xviii) Structured English is a very limited, highly restricted subset of the English language. Pseudocode is similar to real programming code but it is not real programming code.
	x
	y
	Result
	Output

	
	0
	0
	

	3
	1
	3
	

	7
	2
	10
	

	6
	3
	16
	

	8
	4
	24
	6.0


9 NP-type problem

10 No

2.1

End of topic questions

Variables

Q32 Player1TotalPoints

Q33 NextPlayerNumber

Q34 NumberOfCorrectAnswers

Q35 TotalNumberOfQuestions

Q36 NumberOfQuestionsTried

Assignment statement

Q37 NumberOfWrongAnswers := NumberOfQuestionsTried - NumberOfCorrectAnswers

Q38 PercentageCorrect := NumberOfCorrectAnwers / NumberOfQuestionsTried * 100

Q39 PercentageTried := NumberOfQuestionsTried / TotalNumberOfQuestions * 100

Q40 NumberOf5PoundNotes := Amount DIV 5
2.5

Exam practice questions

Q41 Advantages of named constants: easier to understand program code, easier to change if the value changes.

Q42 i)  Why are procedures used: to give a set of statements a name, to avoid repeating code as the same procedure can be called many times from different parts of the program.

      ii) Parameters are used to pass data within programs in and out of procedures or functions.

Q43  i) Global variables in the given code are: Name, Hours, RateOfPay.
 The local variable in the given code is: Total.

ii) Procedures and functions are self-contained if they do not use any global variables.   They only use local variables and parameters.

iii) Program bugs may be introduced by using global variables because local and global variables with the same name could be misidentified and as a side-effect of executing a procedure a global variable could change its value.

2.6

Activities
Page 71 – Distance array
a. Distance between Oxford and Manchester are held in Distance[1,2] and also in Distance [2,1]

b. Distance between Manchester and London are held in Distance[0,1] and also in Distance [1,0]

a. Distance between Oxford and Manchester

b. Distance between Manchester and Oxford

c. Distance[0,4] is out of bounds

d. Distance[0,0] refers to distance between London and London, so not relevant

Page 72 – Student array
Q44 Student[5].Name contains  Bill
Student[0].Marks contains  67

Q45 Harry’s marks are contained in  Student[4].Marks
Zak’s name is contained in        Student[6].Name
Exam practice questions

a. Salesperson number 7 issued 16 store cards during April.

b. Var StoreCards: Array [1..10, 1..6] Of Integer

c. StoreCards[8,1] := 13

a.

i. RejectTotal := RejectTotal – DailyRejects[DayNo]

ii. Var 
DayNo : Integer;
RejectTotal : Integer;
 DailyRejects : Array [1..7] Of Integer;

iii. The purpose of the variable DayNo is to control the loop. It is also used as the index for the array DailyRejects

iv. DailyRejects is an array of integers

b.    If RejectTotal > 7
Then Writeln (‘Investigate’)
Else Writeln (‘Inside weekly tolerance’);
3.1

End of topic questions

Structured approach to program design

i) N1.

ii) N2.

iii) Average.

Q46 Structure table for displaying the times table of a given integer.


0
Times Table



0.1
Input integer



0.2
Produce times table




0.2.1 FOR EACH number between 1 and 12




0.2.2 Calculate product




0.2.3 Display product

Features of structured programming

Q47 Examples of poor programming style:
Single letter identifiers (they don’t convey their purpose).
Multiple statements on one line (makes it more difficult to understand what the program does).

     Pascal version
Factorial := 1;

Readln(Number);

For Count := 1 To Number

  Do

     Factorial := Factorial * Count;

Writeln(Number, ‘! = ‘, Factorial);

Exam practice questions

Q48 A structured approach to programming includes using parameters to pass values, avoiding global variables, using meaningful identifiers, effective use of indentation, use of named constants, using user-defined data types.

iv) Table is a parameter used in the program
v) The parameter Table is used to pass the address of Table to the procedure ReadTenIntegers.
3.2
Activities

Page 93 – Bubble sort
vi) 78 is in its final place after the first pass.

vii) 56 is in its final place after the second pass.

viii) 98 is in its final place after the first pass.
ix) 78 is in its final place after the second pass.

End of topic questions

Linear Search

a) Trace table:


	ElementSought
	Found
	ThisElement

	
	
	

	Harry
	1
	False

	
	2
	

	
	3
	

	
	4
	

	
	5
	True


b) Trace table:


	ElementSought
	Found
	ThisElement

	
	
	

	Joe
	1
	False

	
	2
	

	
	3
	

	
	4
	

	
	5
	

	
	6
	

	
	7
	

	
	8
	

	
	9
	


ThisElement is now greater than the maximum number of array elements and the algorithm stops without finding Joe.

	NoMoreSwaps
	Element
	[1]
	[2]
	[3]
	[4]
	[5]
	[6]
	[7]

	True
	
	96
	59
	74
	32
	27
	64
	23

	False
	1
	59
	96
	
	
	
	
	

	
	2
	
	74
	96
	
	
	
	

	
	3
	
	
	32
	96
	
	
	

	
	4
	
	
	
	27
	96
	
	

	
	5
	
	
	
	
	64
	96
	

	
	6
	
	
	
	
	
	23
	96

	True
	
	
	
	
	
	
	
	

	
	1
	
	
	
	
	
	
	

	False
	2
	
	32
	74
	
	
	
	

	
	3
	
	
	27
	74
	
	
	

	
	4
	
	
	
	64
	74
	
	

	
	5
	
	
	
	
	23
	74
	

	True
	
	
	
	
	
	
	
	

	False
	1
	32
	59
	
	
	
	
	

	
	2
	
	27
	59
	
	
	
	

	
	3
	
	
	
	
	
	
	

	
	4
	
	
	
	23
	64
	
	

	True
	
	
	
	
	
	
	
	

	False
	1
	27
	32
	
	
	
	
	

	
	2
	
	
	
	
	
	
	

	
	3
	
	
	23
	59
	
	
	

	True
	
	
	
	
	
	
	
	

	
	1
	
	
	
	
	
	
	

	False
	2
	
	23
	32
	
	
	
	

	
	3
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	
	
	
	
	
	

	True
	
	
	
	
	
	
	
	

	False
	1
	23
	27
	
	
	
	
	

	True
	
	
	
	
	
	
	
	


Function Search (List: array Of String; Max: Integer;
                                ElementSought: String): Integer;

Var

  ThisElement : Integer;

  Found : Boolean;

Begin

  ThisElement := 1;

  Found := False;

  Repeat

    If List[ThisElement] = ElementSought

      Then Found := True

      Else ThisElement := ThisElement + 1;

  Until (Found = True) Or (ThisElement > Max);

  If Found

    Then Result := ThisElement

    Else Result := -1;

End;

	Ptr
	Temp
	List

	
	
	[1]
	[2]
	[3]
	[4]
	[5]
	[6]
	[7]
	[8]
	[9]
	[10]

	
	
	43
	25
	37
	81
	18
	70
	64
	96
	52
	4

	1
	43
	25
	43
	
	
	
	
	
	
	
	

	2
	43
	
	37
	43
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	

	4
	81
	
	
	
	18
	81
	
	
	
	
	

	5
	81
	
	
	
	
	70
	81
	
	
	
	

	6
	81
	
	
	
	
	
	64
	81
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	

	8
	96
	
	
	
	
	
	
	
	52
	96
	

	9
	96
	
	
	
	
	
	
	
	
	4
	96

	10
	
	
	
	
	
	
	
	
	
	
	


x) Control will pass to the instruction after Endwhile
xi) List[1] will be 25
List[9] will be 81
List[10] will be 96
4.1

End of topic questions

Validation checks

Q49 Validation check for date of birth in a job application: range check.

Q50 Validation check for a bank account number: check digit.

Exam practice questions

Q51 HouseID: presence check because a value in this field is compulsory
PostCode: Format check because the field has a specific pattern of characters
DateOfBirth: range check and/or a format check
NumberOfAdults/NumberOfChildren: range check
4.2

End of topic questions

Testing strategies

Q52 Black-box testing.

Q53 Dry-run testing.

	Count
	Total
	Number
	Average

	0
	0
	5
	

	1
	5
	7
	

	2
	12
	23
	

	3
	35
	-1
	11.66


Q54 No, it gives the correct result of adding three numbers and calculating the average.
Q55 If the chosen test data is just the number -1, then the while loop would not be executed at all. This means that Count is still 0 and a run-time error would occur when trying to calculate the average as division by zero is not defined.

Selection and evidence of test data

Hours = 0, 1, 35, 36, 48, 49 to test it correctly calculates normal hours and premium rate hours.
Any negative values
Any values over 48
Any non-integer data
Q56 £38 to test one of each note/coin
£20, £10, £5, £2, £1 to check it will give just one of these each time
£40, £4 to test that it will give 2 x £20 (2x £4).
£79 should give multiples of £20 and £2 singles of £10, £5 but no £1 coin.

Exam Practice Questions
Q57 a

	y
	x
	Index
	Result

	
	
	
	[3]
	[2]
	[1]

	-
	5
	0
	-
	-
	-

	1
	2
	1
	-
	-
	1

	0
	1
	2
	
	0
	

	1
	0
	3
	1
	
	


b Converts an integer into its binary equivalent
Q58 a 

	x
	y
	Result

	5
	3
	1

	5
	2
	5

	5
	1
	25

	5
	0
	125


b Calculates xy
Q59  a
	New
	Last
	Ptr
	Values

	
	
	
	[1]
	[2]
	[3]
	[4]
	[5]

	6
	3
	1
	4
	7
	9
	
	

	
	
	2
	
	
	
	
	

	
	2
	
	
	
	
	9
	

	
	1
	
	
	
	7
	
	

	
	
	
	
	6
	
	
	


b) Inserts a value into the array at the correct position (so the array remains a sorted list)

5.1

Activities 

Binary to decimal

a) binary 0100 is denary 4.
b) binary 0101 is denary 5.
c) binary 1010 is denary 10.
d) binary 01000010 is denary 66.
e) binary 01011001 is denary 89.
Denary to binary 

Q60 Denary 227 is binary 11100011.
a)  0000 0011.

b) 0000 1001.

c) 0001 0011.

d) 0001 1100.

e) 0100 1100.

f) 1000 0001.
Binary addition
Q1 a)



0101  in denary:

5


+
0010
+
2



0111

7
b) 



01101010

106


+
01000011
+
  67


10101101

173
c)



01010101

  85


+
01111110
+
126


11010011

211
Q2



01010111


+
10101001


  100000000   

This causes overflow, an extra bit would be required to store the result.

Binary multiplication - check the rules
101 multiplied by 2: 1010

In denary: 5 x 2 = 10

110 multiplied by 2: 1100

In denary: 6 x 2 = 12

1001 multiplied by 2: 10010

In denary 9 x 2 = 18

10101 multiplied by 2: 101010

In denary 21 x 2 = 42

1100 multiplied by 2: 11000

In denary 12 x 2 = 24

1000 multiplied by 2: 10000

In denary 8 x 2 = 16

Binary multiplication

a 



0101

5


x
0010
x
2

   01010
   10
b 



01001010

 74


x
00000011
x
  3

 
10010100

210


  + 01001010
+
 12


11011110
    222
c


01000001

 65


x
00000110
x
  6

   100000100

360


+ 010000010
+
 30
  
   110000110

390
Binary subtraction
Q1


00011001  in denary: 25



11100111
-
25



00011100

28

 (1)00000011

 3
Q2



00010111  in denary: 23



11101001
-
23



01111011
    123
      (1)01100100
    100
Page 106 – Denary to two’s complement 

a) 11111011

b) 11110110

c) 11101100

d) 00000101
Page 107 – Two’s complement to denary
a) -86
b) -127
c) -1
d) 23
Binary to denary and hexadecimal

1 a) 0110 1101 is denary 109
b)  6  D  in hexadecimal

2 1111 1110 1110 1101 1101 1010 1101
 F       E      E      D      D      A      D

Page 108 – Denary to binary and hexadecimal
126 01111110 in binary, and 7E in hexadecimal

End of topic questions 
Binary numbers

a) 11111111 = denary 255 =28 -1
b) 11111111 11111111 = denary 65,535 = 216 -1 

c) 11111111 11111111 11111111 11111111 = 429,4967,295 = denary 232 -1
d) 11111111 11111111 11111111 11111111 11111111 11111111 11111111 11111111
= denary 264 -1   

Q61 8

Q62 0 or 1

Q63 

00010100

20

  +
00001010
+
10


00011110

30
Q64 


0101

5

     
x
0110
x
6

                010100
           30


            001010


            011110
Negative numbers

Q65  -128

Q66  

00001001  in denary:
 9

       

11110111
-
 9
       

00001011
 
11
       (1)00000010
  
 2


Q67 

00010001  in denary:
17



   11101111
-
17

     
00001111
  
15
    
     
11111110
  
-2

Q68 
01100000  in denary:
  96       00101000  in denary:
 40
       
10111111

 -96
11011000

-40

       
10111111

- 96
       
11011000

-  40
   (1)10010111

- 136   overflow!
Hexadecimal numbers

Q69 B13C negative
          1011 0001 0011 1100
     7010 positive
     0111 0000 0001 0000
     1FFF positive 
     0001 1111 1111 1111
     8A1E negative
     1000 1010 0001 1110
     9000 negative
     1001 0000 0000 0000
     F73F negative
     1111 0111 0011 1111

Note: If the first hexadecimal digit is greater than 7 then the number is negative.
Q70 Examples: colour codes in paint software.

Memory dump, contents of memory locations.

Real numbers

e) 3.75:  0011.1100
f) 5.1875: 0101.0011
g) 7.562: 0111.1001 Note that this is really the value 7.5625
h) 7.5627:  0111.1001 Note that this is really the value 7.5625
i) 000000000101.1000 is denary 5.5
ii) 000000000011.0010 is denary 3.125
i) largest positive number: 011111111111.1111
ii) smallest positive number: 000000000000.0001
Largest positive number: 0111.1111 = denary 7.9375.
Difference between two consecutive values is 0.0625.
Precision can be improved by using more bits after the binary point, but then the range of numbers is reduced for a given number of bits.

Exam practice questions

Q71 95: 

01011111
-73:

10110111
 22
           (1)00010110

53:


00110101
-75

10110101

  53

00110101
+75

01001011
128

10000000 
Overflow.  This represents -128

a) Denary 1032 is binary 0000 0100 0000 1000
b) In hexadecimal:             0     4      0      8

a) Denary 1026.75 is binary 010000000010.1100
b) In hexadecimal:                   4      0    2      C

Q72 Binary 0100001000.010100 is denary 264.0875
Q73 5
1011 1110 0100
a) Hex: B E 4 
b) Unsigned fixed-point number: 190.25
c) Signed integer: -1052

Q74 0100 0000 1110
a) Hex: 40E
b) Signed integer: 1038
c) Fixed-point number: 64.875
5.2

Activities

Patterns and bits

Q75 94.

Q76 7 bits give 127 different patterns
(but 6 bits would only give 63 patterns, so not enough).
Parity

a) 00100001
b) 01010011
c) 11000011
d) 11001001
Q77 (c) (e) and (g) contain an error since their number of 1-bits is even

Parity bit error

If only one parity bit is different to what it should be, the error was in the parity bit, and therefore the data bits are correct. The parity bits are all stripped out anyway.

End of topic questions 

ASCII
Q78 ASCII code for the character ‘5’ is 53.

Q79 Storing the characters ‘35’ in a 2-byte word: 00110011 00110101
Q80 Storing the integer 35 in a 2-byte word:        00000000 00100011
Q81 The numeric difference between a digit and its pure binary equivalent is 48.
Unicode
Q82 65,535 different characters can be coded using 16 bits.
Q83 Unicode for ® is 00AE in hexadecimal.
Unicode for ∞ is 221E in hexadecimal.
Unicode for € is 20AC in hexadecimal.
Q84 Unicode for A is 0041 in hexadecimal, which is 65 in decimal (the same as ASCII code!).
Error checking and correction

Q85 If one bit did not get transmitted correctly.

Q86 After transmission the parity is calculated by adding all the 1-bits. If the parity is now different, an error must have occurred.

Q87 Hamming code can detect a single error in a word and correct it.

Q88 It provides a good balance between error correction and error detection.

Q89 A Gray code counter toggles only one bit at a time, whereas a pure binary counter may toggle multiple bits. 

Q90 Gray code counters use half the electrical power of an equivalent binary counter.

Exam practice questions
a) 7-bit binary ASCII code for ‘B’ : 1000010
b) the total number of 1’s is calculated before transmission. A 0 or a 1 is added to the 7-bit code so that the total number of 1-bits computer to an even number. The number of 1-bits is re-calculated after the byte is received. An odd number of 1-bits indicates an error.
i) 7-bit ASCII code for ‘V’ is 1010110
ii) 11010110
i) ‘D’
ii) ‘J’

i) 4
ii) Unicode
i) The number of 1-bits including the parity bit compute to an even number.
ii) The total number of 1’s is calculated before transmission. A 0 or a 1 is added to the 7-bit code so that the total number of 1-bits computer to an even number. The number of 1-bits is re-calculated after the byte is received. An odd number of 1-bits indicates an error.
Q91 00110011 10110111
The parity bit is set when the character is first generated. The parity bit is adjusted to make the number of 1-bits even. The number of 1-bits is re-calculated by the receiver. If the parity is now odd, an error has occurred.
Q92 The parity bit is set when the character is first generated. The parity bit is adjusted to make the number of 1-bits even. The number of 1-bits is re-calculated by the receiver. If the parity is now odd, an error has occurred.

i) 53
ii) 00110010 00110101 
Note: no reference to parity was made in this question.
5.3

End of topic questions 

Bitmap Graphics

Q93 A pixel is the smallest addressable area or smallest solid block of colour of an image.

Q94 A bitmap is created when the pixels of an image are mapped to positions in memory that store binary codes representing the colour of each pixel.

Q95 The resolution of a VDU screen: a quantity expressed as the number of pixels per row by the number of pixels per column. The resolution of an image: a quantity expressed as the number of dots/pixels per inch or centimetre.

Q96 Colour depth describes the number of bits used to represent the colour of a single pixel in a bitmapped image.

Q97 File size = 1024 x 768 x 3 bytes = 23556096 bytes = 23556096/1024 KB = 23004 KB.

Comparing bitmapped graphics and vector graphics

Q98 A vector graphic records geometric and other information about the objects that make up an image.

Q99 In vector graphics representation only data for each geometric element will be stored whilst a bitmap stores data for every pixel. There are many more pixels than geometric elements in a geometric diagram.

Q100 A drawing list is the list of drawing commands that recreate a vector graphic.

Q101 Size, direction, thickness, shading, font size, typeface.

Q102 When a bitmap is scaled, the pixels enlarge. As the magnification increases, the pixels can become visible, leading to a staircase effect. Vector graphics avoid such distortion when magnified because scaling is applied to a line's endpoints taking into account the change in line thickness in a way that avoids creating a staircase effect. The scaling is geometric because vector graphics deal with objects not pixels. Vector graphics are defined by the relative positions of objects in a three-dimensional or two-dimensional coordinate system. If you increase the size of the coordinate system, the drawing increases in size. You do not lose resolution when you enlarge a true vector drawing because it has no intrinsic resolution.

Basic compression techniques

Q103 Data compression squeezes data into a smaller number of bytes than the data would occupy if uncompressed.

Q104 Run-length encoding (RLE) is a simple compression technique that takes account of the fact that some images have long runs of pixels of the same colour. Essentially, consecutive memory cells of the bitmap are compared. If three or more consecutive cells contain the same bit pattern, then a run of cells has been found that can be encoded in two bytes. The first byte stores the number of identical consecutive (contiguous) memory cell bytes and the second byte stores the colour code.

Q105 Lossy compression methods discard information which is not considered important, e.g. background scenery is saved with reduced resolution. Decompressing an image compressed with a lossy compression method results in an uncompressed image that is different from the original but is close enough to be useful. Decompressing a Run-Length-Encoded-compressed image produces the original uncompressed image exactly, i.e. without loss.

Q106 The human eye is good at seeing small differences in brightness over a relatively large area (gradual changes in pixel brightness values that occur over many pixels), but not so good at distinguishing the exact strength of a high-frequency brightness variation (drastic changes in pixel brightness values that occur over a narrow range of pixel). This makes it possible to get away with greatly reducing the amount of information in the high-frequency components. It is also possible to exploit the sensitivity of the eye by reducing the number of bits per pixel for pixels that the eye is least sensitive to.
Exam practice questions

a) Picture broken down into pixels each pixel represented by 1 bit
0 for black, 1 for white (or vice versa) 
b) Need one byte to represent 1 pixel

a) 

i) Line thickness / style, line colour, label (text), object name, co-ordinates;
ii) Label (text) / co-ordinates / etc - if not used for (a)(i) - fill colour / style, width, height 
iii) Vector graphics stores properties of objects // vector graphics use mathematical equations/formulae
Bitmaps show a staircase effect / size of each pixel is enlarged // Vector graphics will re-calculate the equations/formulae 
b) 


iv) 4
v) Each byte can represent 256 different numbers/bit patterns/combinations, each number represents a different colour, 2^8=256 and 8 bits = 1 byte 
vi) 1024 x 768 div 1024 KB // 768 (KB) 
vii) Header data will be stored about the file e.g. file type, width value / height value, resolution, palette data
5.4

End of topic questions

Sound and Data

a) Microphone.

b) One minute = 60 seconds
40 000 samples taken per second
Total number of samples taken = 60 x 40 000 = 2400 000
Each sample coded in 16 bits or two bytes
Total number of bytes = 2 x 2400 000 = 4800 000.
Q107 Analogue data is data that varies in a continuous manner, e.g. speech.
Digital data is data that takes the form of discrete values, e.g. temperature readings taken every hour.

Q108 An analogue signal is an electrical or electromagnetic signal that varies in a continuous manner whereas analogue data is a non-electrical continuously varying signal.

Q109 Digital to Analogue Converter or DAC.

Managing and Manipulating Sound

Q110 States that sampling must take place at a frequency which is at least twice the rate of the highest frequency in the sampled signal.

Q111 Quality of recorded sound and file size of recording are affected by the sampling rate and the number of bits allocated per sample.

Q112 Sampling more often means it is possible to track the changes in a rapidly varying signal more accurately.
Allocating more bits per sample means a more accurate representation of the signal wave.
More samples and more bits per sample means a bigger file size because there will be more bits to store in both cases.

Q113 Synthesising sound means creating sounds based on an internal definition of the sounds to be played and not a digital recording of the actual sound waves. The pitch, timbre (which instrument sound) and duration of each required note making up the sound is read from a file and the note, its pitch, timbre and duration generated from electronic circuits capable of generating individual notes.

Q114 Digitised audio is received from a source and immediately put into a buffer. Once there is sufficient audio data in the buffer, playback of the audio begins. As long as the player device is not trying to access data that hasn’t been received yet, streaming will be successful. If the buffer runs out of audio data, the player will pause until it receives more.

Exam practice questions
a)  The sampling rate; the number of bits available to represent each sample -sampling resolution
b)  Editing out noise/wrong notes or changing sounds to get a special affects; sound can be stored/transmitted digitally; 
c)  Synthesising sound means creating sounds based on an internal definition of the sounds to be played and not a digital recording of the actual sound waves. The pitch, timbre (which instrument sound) and duration of each required note making up the sound is read from a file and the note, its pitch, timbre and duration generated from electronic circuits capable of generating individual notes.
Q115 a)


i) (Analogue sound) is converted into digital // discrete values;
    (Height of analogue wave) sampled at regular intervals;
   Height/value represented by a number/binary code/binary pattern;

ii) Digital-to-Analogue converter; 

Q116   a) Analogue to Digital Converter
b) Sound sampled regularly, sample heights measured, heights coded in binary, binary values stored 
6.1

End of topic questions
System life cycle
Q117 Analysis stage.

Q118 Ask customers to fill in questionnaires.

Q119 Observe how the orders are collected to find potential bottlenecks of the system.

Q120 During the implementation phase.

Q121 To check that the different parts work together correctly.

Q122 There may have been misunderstandings by the analyst, the designer or the programmers.

Exam Practice Questions

	Systems analysis
	A detailed look at the current system and establishing the objectives of the new system.

	System design
	The process involved in the design of user interface, processes and data storage requirements.

	Implementation
	Programming the software, installation of hardware and software and preparation of data files. Training of users and writing the system documentation is also part of this phase.

	Testing
	System testing to ensure the whole systems functions effectively.

	Evaluation
	Review to confirm the new system meets the original requirements and identify any necessary modifications.


Q123 Comparison with original objectives
Number of complaints / breakdowns / maintenance requests
Ease of use / user feedback / user satisfaction
Q124 Simple change of a single coin: £1, £50p, 20p, 10p, 5p
Change made up of one of several coins: £38.5, 75p, 80p, 35p, 25p
Change made up of more than one of the same coins: 40p
Minimum change that can be given: 5p
Boundary data: 0p (no coins)

7.1
End of topic questions

	· X
	· Q

	0
	1

	1
	0


Q125 NOT

And

	· X
	· Y
	· Q

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


Or

	· X
	· Y
	· Q

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


Q126 Or

Q127 

NAND

	· Input A
	· Input B
	· Output

	0
	0
	1

	0
	1
	1

	1
	0
	1

	1
	1
	0


NOR

	· Input A
	· Input B
	· Output

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	0


XOR

	· Input A
	· Input B
	· Output

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0


Q128 Logic gate circuit symbols:


[image: image10]








NOR gate symbol


[image: image11]
XOR gate symbol

Q129  Expression of Q:
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Q130  Logic circuit (NAND only):


Q131   Logic circuit (NOR only):








Q132 








Exam practice questions
Q133 Q = A.B + A.C.D

(a)

	A1
	A2
	B1
	B2
	Q

	0
	0
	0
	0
	1

	0
	1
	0
	1
	1

	1
	0
	1
	0
	1

	1
	1
	1
	1
	1

	Every other combination of inputs
	0


(b)


(c)
Equivalence tester, i.e. output is 1 if A1 A2 match B1 B2.

Q134 
(a)
Or gate

	Senses heat
	Senses smoke
	Alarm

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


(b)


(i)

[image: image13.emf]   

AND  

NOT  

OR  

A  

B  

 


(ii)
                             

(iii)
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A 

B  


7.2
End of topic questions

Internal hardware and external components

Q135 Processor, main memory, I/O.

Q136 A set of parallel wires connecting independent components of computer system.

Q137 Address bus, data bus, control bus.

Q138 I/O controller is an electronic circuit that on one side connects to the system bus and on the other side connects to an I/O device. Electronically, on one side it “talks” the correct signals, levels of voltage and current required by the system bus and on the other, it “talks” the correct signals, levels of voltage and current required of the I/O device. 

Q139 (a) Main memory is memory which is directly addressable by the processor.

(b) Secondary storage, or backing store, is permanent storage memory not directly connected to the processor.

(c) A peripheral is a computer device, such as a CD-ROM drive or printer, that is not part of the essential computer, i.e. processor + main memory; peripheral devices can be external (mouse, keyboard, printer, monitor, memory stick or scanner) or internal, such as a CD-ROM drive.

Functional characteristics of a processor

Q140 Each memory location has a unique address, a memory address, in the same way that each house in any town has a unique address. This enables a processor to select the individual memory location containing an item of data required by the processor or which the processor will use to store an item of data.

Q141 When a processor needs to select an individual main memory location to read from:

(a)  It puts the unique address corresponding to this location onto the address bus. 

(b) The processor then asserts, over the control bus, that it wishes to read from this location. 

(c) Finally, the processor uses the data bus to transfer a byte or bytes between the addressed memory location and itself. 

Q142 In the stored program concept, the program must be resident in main memory to be executed. The program is processed by fetching machine-code instructions in sequence from main memory and executing them, one at a time, in processor.

(a) The term “von Neumann architecture” is used for serial stored program computers with a single memory shared between program instructions and data. 

(b) The term “Harvard architecture” is normally used for stored program computers which use separate instruction and data buses. Instructions are fetched serially from instruction memory and executed in the processor. When an instruction needs data, it is fetched from data memory.

(c) A microcontroller is a complete computer (processor, memory and I/O) on a single chip.

(d) embedded computer

Structure and role of the processor

Q143 Any three from:

Program control unit, arithmetic and logic unit XE "arithmetic-logic unit"  (ALU XE "ALU" ), general purpose register, dedicated register, internal clock, internal bus.

(a) A register is a very fast memory location internal to the processor. 

(b) A general-purpose register is a register, not assigned a specific role by the designer of the processor, used for storing data temporarily. 

(c) A dedicated register is a register that has been assigned a specific role by the designer of the processor. 

Q144 Any two from: stack pointer, program counter, status register, accumulator, current instruction register, memory address register, memory buffer register.

(a) Clock speed refers to the frequency (in MHz or GHz) at which the processor has been designed to execute instructions.

(b) Word length is the number of digits in a binary word measured in bits, e.g. 16-bit word length.

(c) Bus width is the number of signal wires or lines allocated to the bus.

Q145 16

Q146 65535

Q147 28

(a) All other things being equal, a processor with clock speed or frequency of 2 GHz should execute the same machine code program twice as fast as a processor from the same family with clock speed of only 1 GHz. This makes sense if we assume that each machine-code instruction is executed in one clock cycle (“tick”) in both processors. Since the 2 GHz processor’s clock cycle is half the duration of the 1 GHz processor, it will take half the time to execute an instruction.

(b) The bigger the word length of registers that can participate in arithmetic operations – the general-purpose registers and the accumulator, if present - the bigger the operands and results they can accommodate. When operands and results exceed the word length of the registers, extra processing must be done to split operands and results across several registers. This results in a reduced speed performance. Registers used to store the binary codes for main memory addresses impact on the number of bytes or locations of main memory that can be used. A longer word means more binary codes and therefore more memory locations addressed. 

(c) A wider data bus should mean an improvement in computer performance speed because the larger the size of data word or instruction word that can pass along its length in one go, the fewer the number of times it needs to be used. A wider address bus means longer address words which in turn means more memory can be addressed.

Q148  A limit has to be set on clock frequency because the heat generated in the chip by higher clock frequencies cannot be removed quickly enough.

Q149 Continuing to combine an increase in transistor density with an increase in clock frequency is unsustainable because the resulting heat per square centimeter would reach a level similar to that of the surface of the sun. Therefore, an increase in transistor density is being used to put more than one processor, called cores, onto the microprocessor chip but with each operating at lower frequencies than single-core processors in order to overcome the clock frequency caused heating problem. 
Exam practice questions
(a)
1- clock, 2 – processor, 3- Read Only Memory, 4 – Random Access Memory, 5 – data bus, 6 – address bus

(b)
Address bus

(c)
Data bus

  (a) 

[image: image15.emf]
 (b) 

Machine code instructions/program stored in main memory; 

One machine code instruction fetched at a time and executed by processor;

Any program stored in main memory can be replaced by another program at any time.

7.3
End of topic questions

Machine Code Instructions

Q150 A binary code that a machine can understand and execute.

Q151 Operation Code part followed by an Operand part.

(a) An op-code is the part of a machine code instruction that denotes the basic machine operation, e.g. ADD.

(b) An operand is the part of a machine code instruction that represents a single item of binary data or the address of a single item of binary data.

Q152        LOAD #10 : 
Loads accumulator with value 10 

STORE 25 : 
Stores a copy of this value in memory location with address 25

LOAD #24 : 
Loads accumulator with value 24

ADD 25 : 

Adds contents of memory location 25 which is 10 to current contents of 
accumulator, 24 producing sum 34. This sum is written to accumulator so its 
contents are know 34.

STORE 25 : 
Contents of accumulator copied to memory location with address 25.

Machine Code Representation in Hexadecimal

1000 0101 1100 0011 = 85C3

0101 1111 0111 1100 = 5F7C

Hexadecimal is easier on the eye when reading a dump of memory because they are more compact than binary.

Hexadecimal is easier to work with than binary because it takes up less space.

Instruction Sets

Q153 An instruction set is the set of bit patterns or binary codes for the machine operations that a processor has been designed to perform.

Q154 One purpose is to denote the basic machine operation, e.g. ADD.

             A second purpose is used to indicate the addressing mode that denotes how the operands should be interpreted.

Q155 Register transfer involving memory.

      Operand to register transfer.

Fetch-Execute Cycle

Q156    Memory Address Register or MAR.


Memory Buffer Register or MBR.


Current Instruction Register or CIR.


Program Counter or PC.

Q157    The PC stores the address of the next instruction to be fetched and executed.


The Current Instruction Register stores the instruction which is currently being decoded and executed. The MAR stores the address of the currently addressed memory location. The MBR stores the instruction fetched from the currently addressed main memory location.

(a)

Fetch phase.

i The address of the next instruction to be executed (held in the PC) is copied to the MAR.

ii The instruction held at that address is placed in the MBR.

iii Simultaneously, the contents of the PC are incremented by 1 to get ready for the next instruction.

iv The contents of the MBR are copied to the CIR. (This frees up the MBR for the execute phase.)

Execute phase.

i The instruction held in the CIR is decoded.

ii The instruction is executed. 

(b)


MAR    ←     [PC]      
PC     ←     [PC] + 1 ;   MBR    ←     [Memory]addressed   

CIR    ←     [MBR]

[CIR] decoded and executed


[image: image16]
PC loaded with number 3. PC contents copied into MAR. PC incremented by 1 whilst copy of instructionADD #23 transferred to MBR. Contents of MBR copied to CIR. ADD decoded, operand 23 copied into ALU, current contents of Accumulator also copied into ALU. ALU adds these two values together and writes their sum to accumulator.

Exam practice questions
(a)
210 – 1 = 1023

(b)
26 = 64

(c)
MAR    ←     [PC]      

PC     ←     [PC] + 1 ;   MBR    ←     [Memory] addressed   

CIR    ←     [MBR]

[CIR] decoded and executed

(a)

	Op-code
	Mnemonic
	Addressing mode

	0000
	LOAD
	Operand is the datum

	0001
	LOAD
	Operand is the address of the datum

	0010
	STORE
	Operand is the address to store the datum

	0100
	ADD
	Operand is the datum

	0101
	ADD
	Operand is the address of the datum


(b)

	Assembly Code
	Machine Code

	LOAD #100
	0000 0110 0100

	STORE 254
	0010 1111 1110

	ADD   #25
	0100 0001 1001

	ADD   254
	0101 1111 1110

	STORE 255
	0010 1111 1111

	LOAD  254
	0001 1111 1110


Q158 Accumulator register loaded with value 100. Copy of accumulator contents placed in memory location with address 254. The value 25 added to current contents of accumulator. The sum becomes the new contents of accumulator. The contents of memory location with address 254 added to current contents of accumulator, sum stored in accumulator. A copy of contents of accumulator stored at memory location with address 255. Accumulator loaded with contents of memory location with address 254.

(a)
1 and 8

(b)
Debugging of machine code program

(c)
Easier on the eye when debugging program. Takes up much less space.

(a)
The set of bit patterns or binary codes for the machine operations that a processor has been designed to perform.

(b)
Computer B uses a different processor from computer A. This different processor has a different instruction set from processor A’s instruction set. The bit pattern that caused the error message does not correspond to a valid instruction for the processor in computer B.

8.1

End of topic questions

Input Methods and Devices

Q159 Any four from:

Barcode reader

Flatbed scanner

Fingerprint scanner

Retina scanner

Iris scanner

Optical Mark reader

Optical character reader

Magnetic stripe reader

Smart card reader

RFID reader

Touch-sensitive reader

Graphics tablet

Microphone

Q160 Bar code Scanner:

Bar code scanner illuminates the black and white bands of the bar code. A pattern of reflection is produced because white bands reflect more than black bands. This pattern is converted from its optical form into an equivalent electrical form by photoelectric detectors in the barcode scanner. The electrical form of the reflection data is analysed and the bar code decoded into character form. The scanner outputs the character codes as a sequence of binary digits.

Q161        Flatbed scanner:

The page to be scanned is placed face down on the glass platen of the flatbed scanner and illuminated from beneath by a strip of bright light which is moved slowly along the length of the glass platen. Successive strips of reflected light are picked up by an array of light-detecting sensors, linearly mounted on the same moving crossbeam as the strip light. The reflected strips of light are converted into an equivalent electrical signal and digitised to create a digitised image of the entire scanned area for storing and processing by computer.

Q162        RFID reader:

Typically an RFID reader provides radio frequency (RF) energy to energise a transponder located on the object to be identified so that the transponder can respond with data which the RFID reader reads. The RFID reader can also supply a timing signal to the transponder so that the transponder’s operations may be synchronised with those of its reader. Reader and transponder do not need to be in physical contact because data transmission is done via radio frequency waves. For this purpose, both reader and transponder each use a small RF antenna and circuitry for transmitting and receiving data. The RFID reader may also write data to the transponder’s memories (volatile and non-volatile).

Q163       Touch-sensitive screen:

To initiate an action in an executing application a user touches regions of the screen associated with the application. In one arrangement, the region just in front of the screen is criss-crossed by horizontal and vertical beams of infrared light, invisible to the naked eye. The breaking of these beams by a finger or other passive pointing object, e.g. pencil, is detected at the receiving end of each beam by a series of photoelectric sensors, one per beam. An electronic circuit connected to these sensors correlates broken horizontal and vertical beams and signals the computer the coordinates. The executing application then maps the coordinates to an action.

Output Methods and Devices

Q164 LCD TFT Flat Screen

         Liquid-crystal display (LCD) technology uses a property of liquid crystals to change the state of polarisation of light when an electrical field is applied to the crystals. The liquid-crystal material is sandwiched between two crossed sheets of linearly polarised glass (axes of polarisation are at right angles) so that light from a back-light is normally blocked from passing through the sandwich. By applying an electrical voltage to the liquid crystal, the angle of polarisation of the light emerging from the first Polaroid sheet can be rotated so that part of this light transmits through the second Polaroid sheet. A greater amount of light emerges from the second Polaroid sheet when a greater voltage is applied to the liquid crystal because a greater rotation of the axis of polarisation is produced. An LCD flat screen is manufactured with an array or matrix of these liquid crystal cells, each constituting one pixel when the screen is used at full resolution. Each pixel’s liquid crystal is connected to a capacitor which stores the electrical charge which produces the electrical voltage/field. More charge means more voltage which means the passage of more light through the sandwich. The charging of the capacitor is controlled by an electrical switch which is a thin film transistor (TFT).

Q165    Dot-matrix printers are still used because:

· Copies of a printed invoice or receipt are required at the time of printing. This can be achieved by using multi-part stationary in the printer and carbonised paper.

· For security reasons, e.g. distribution of PIN numbers requires that printing of a pin takes place whilst the paper is inside a sealed envelope. This is possible by using carbonised sealed envelopes containing a single sheet of paper.

Q166       Laser printer:

      Laser printer prints a whole page at a time from a bitmap equivalent of the page created in memory by translating the description of the page expressed in a page description language. A negative charge is applied to the photosensitive drum at the heart of the laser printer. One or more laser beams are directed onto the rotating drum’s surface. Lasers directed at the negatively charged surface of the laser’s drum are turned on or off at positions determined by the bitmap data stored in memory. This causes the negative charge to be neutralised or reversed at positions corresponding to the black parts of the page to be printed. The charged surface of the drum is exposed to toner, fine particles of dry plastic powder mixed with carbon black or colouring agents. The charged toner particles are given a negative charge so that they attach to the uncharged or positively charged regions of the drum and not to the negatively charged ones. Darker areas are achieved by depositing thicker layers of toner. By rolling and pressing the rotating drum over a sheet of paper, the toner is transferred on to the paper. Finally, the toner is fused to the paper by passing the paper through heated rollers that squeeze the paper.

Q167       Drum plotter.

Secondary Storage Devices

(a)  A track is one of the concentric rings on a surface of a magnetic disk platter.

(b)  A sector is a subdivision of a track.

(c)  A disk block is the smallest unit of transfer between a computer and a disk.

(d)  A block address comprises a surface address, a track address and a sector address. Each surface, track on a surface and sector on a track is numbered sequentially starting at zero.

Data is written to a CD-ROM disc using disc-mastering machinery that impresses pits into a continuous spiral track across the surface of a reflective metal layer. A pit encodes binary bit 0 and the absence of a pit encodes binary bit 1. A data bit is read by focusing a laser beam onto a point in the reflective metal layer where the pits are impressed. More light is reflected from the metal surface at points on the spiral track which are not pitted than from points which are. The intensity of reflection is detected and converted into an electrical equivalent which is then digitised so that it can be stored and processed by computer.

(a) CD-R: A write once, read many time optical disc (Compact Disc) capable of recording about 600-700 MB.

(b) CD-RW – A write and read many times optical disc (Compact Disc) capable of recording about 600-700 MB.

(c) DVD-RAM: A rewritable format with built-in error control and a defect management system which stores data in concentric tracks accessible in a similar way to magnetic disks, usually without any special software.

Q168    Flash memory: 

A type of EEPROM (Electrically Erasable Programmable Read Only Memory) which supports erasure of an individual block of memory cells. Contents of a particular memory location are altered by copying an entire block of locations into an off-EEPROM-chip buffer memory where the corresponding location is altered. The original on-chip block is deleted before the off-chip amended block is written back to the chip.

Exam practice questions
(a)
 (i) 1 mark for an appropriate medium and 2nd mark for justification

Storage medium; Justification 

hard disk; fast access, internal to the machine, sufficiently large capacity, continuously available to user/on line;

(ii) 1 mark for an appropriate medium and 2nd mark for justification

Storage medium; Criterion 
DAT tape; high capacity, fast write process;

(iii) 1 mark for an appropriate medium and 2nd mark for justification

Storage medium; Criterion 

CD-R / DAT tape off line storage; robust, sufficient capacity;

For CD-R only: cannot be overwritten;

 (b) 
Ability to select different print resolutions / high resolution;

Ability to change the thickness of paper used / to accept special

photo-paper;

Ability to print directly from a memory card or digital camera;

Ability to print in colour;

Borderless printing;

Individual ink cartridges (to reduce wastage);

Fast dry inks (to reduce the risk of smudging);

Having 6 (> 3) colour inks for smoother tones;

Having pigmented inks for better quality;

Q169      
(a) barcode reader / wand / scanner

(b)
(i) less chance of error // greater accuracy// scanning by device faster

(ii) the bars can be read up-side-down/ has vertical symmetry

7.2

End of topic questions

System software

Q170 Disk formatter is part of system software.

Q171 Types of language translators: assembler, interpreter, compiler.

Q172 An assembler is used to translate assembly code into machine code.

Q173 C# is translated using a compiler.

Q174 The compiler reads source code and produces object code.

Application software

Q175 Both types of software cost the same amount of money to develop. Bespoke software is paid for wholly by the client that requires this software. The development cost of off-the-shelf software is spread over a wide customer base, so is cheaper for an individual customer.

Q176 General purpose software: spreadsheet.

      Special purpose software: accounting package, photo editor, presentation package.

Q177 Application software is a program or series of programs that allows a user to perform non-computer tasks.

Generations of programming languages

Q178 First and second generation languages are classed as low level as the instruction sets they use reflect the processor architecture.

Q179 There are many types of problems to be solved by computer and different languages were developed to make it easier to solve these problems.

Q180 One high-level language statement will generally be translated into several low-level language statements.
Exam practice questions
Q181        (a) Software is a program / a sequence of program instructions.

(b) A programming language translator is a compiler/interpreter/assembler.

A disk defragmenter is a utility program.

A DLL file that is used by several applications programs is a library program (system software).

An example of a general purpose applications program is a word processor / database /spreadsheet.

	Software
	Description

	Income tax calculation software
	Special purpose application software

	Translator software for the C++ programming language
	Interpreter or compiler software

	Word processing software
	General purpose application software

	Operating software
	System software


(a) Second generation language.

(b) First generation language.

(c) Memory address.

(d) Assembler.

(e) 1-to-1, each assembly language instruction translates into one machine code instruction.

(a) 
(i)    System software is the layer of software which enables users to operate the computer.

(ii)   application software is programs written to perform end user tasks.

(iii)  an example of system software is an operating system or utility programs.

(b) 
(i)    a type of general purpose application software is a word processor / spreadsheet.

(ii)   Special purpose application software is a program written to do a specific task.

(c) 

(i)    Bespoke software is a program specially written for an organisation.

(ii)   an advantage of bespoke software over readily available software is that it matches end 
       user requirements.

Disadvantages are that it will not be extensively tried and tested and more expensive to buy. The customer has to wait for the software to be written and needs to specify requirements very carefully.

(a)
(i)  Hardware is the electronic components of the computer.

(ii) Software is the programs that run on the hardware.

(b) An operating system is software.

(c) A data bus is hardware.

(a)  
(i) a compiler translates the whole source code and produces object code. 
(ii) an interpreter analyses each line of code and executes it in turn without producing object code.

(b)  
(i) A compiler is best used when execution should run as fast as possible, when   development is finished and for shipping to the user. 

(ii) An interpreter is best used during development or to support platform independence.

(c) an assembler translates an assembly language program whereas a compiler translates a high level language program.

(a) Assembly language is the second generation of programming languages.

(b) A second-generation language program has to be translated into machine code using an assembler before it can be executed.

(c) Imperative high level language programs execute instructions in programmer defined sequence.

(d) Examples of imperative languages are: Pascal, Basic, C, Fortran.

(e) One statement of an imperative high level language program translates into several machine code instructions.

(f) Programming in first and second generation programming languages is laborious and time consuming. It is harder to understand and debug than programs written in high level languages. Different types of processor have different instructions sets, so low level programs are not portable.

9.1
End of topic questions

The Internet

Q182 The Internet is a network of computer networks and computers using a globally unique address space based on the Internet Protocol (IP) and TCP/IP to support public access to e-mail and web pages amongst other things.

Q183 The World Wide Web (WWW) or Web is a system of interlinked, hypertext documents accessed via the Internet.

Q184 Data or message packets flow unaltered through the Internet between two end points that control their communication. A message is broken into variable length packets consisting of a part of the message, a source and a destination address. The packets travel independently of each other through the Internet backbone being routed on the basis of the destination address.

Q185 A router is a special switch that receives packets or datagrams from one host (computer) or router and uses the destination IP address that they contain to pass on the packets, correctly formatted, to another host (computer) or router. Routers are used because it is not practical to connect every host directly to every other host. Instead, a few hosts connect to a router, which connects to other routers and so on, to form a network. Hosts are computers that run applications.

(a) The end-to-end principle states that the two end computers should be in control of the communication across the Internet. The role of the Internet is thus delegated to moving packets between these two end points.

(b) In the open architecture networking approach, designers are free to design the individual networks in whatever way they want, allowing a diversity of networks to interconnect and communicate. Each network is connected to the Internet through a router–gateway. It is the job of the gateway to overcome the mismatch between different networks. 

(c) The end-to-end principle requires that each computer using the Internet should be uniquely identified. Each computer on the Internet is labelled with a globally unique address known as an Internet Protocol (IP) address. The numbering system, IPv4, that is used today allows for 232 different addresses. All these unique addresses make up a single logical address space. At the binary level, an IPv4 address consists of 32 bits (4 bytes).

Domain names and IP addresses

Q186 1983

Q187 Any three from arp, com, edu, mil, net, org, int, gov

Q188 A domain name identifies a network of computers whilst a fully qualified domain name uniquely identifies a particular host on this network. 

Q189 A DNS server translates a fully qualified domain name into an IP address. Hosts use DNS servers to resolve domain names into IP addresses before connecting to other hosts on the Internet.

Q190 http://www.microsoft.com/index/index.html

Q191 A URL is a type of URI.  A URI is an identifier for a resource. This resource may be identified by its location or its name. A URL identifies a resource via its network "location" while a URN identifies it by name.

Client-server model

Q192 (a) A server is a software process that provides a service requested by a client software process, e.g. supplies a web page.

          (b) A client is a software process that requests and uses the services provided by a server.

Q193 In the client–server model, a client software process initiates a request for some service from a    server software process which responds to that request.

Application-level protocols

Q194 A protocol is a set of pre-agreed signals, codes and rules to be used for data and information exchange between systems.

Q195 The TCP/IP protocol stack is a protocol stack consisting of four layers: application, transport, network and link.

The application layer handles the details of a particular networking application, e.g. a Web browser using the HTTP protocol.

The transport layer establishes, supervises and maintains a connection between two communicating applications (processes), one on each host. The transport layer ensures a reliable flow of data and relieves applications from having to deal with the problems of connecting the hosts, detecting when errors occur, retransmitting packets and detecting when a connection is broken. The transport layer also splits data that the applications wish to send into bite-sized chunks to fit packets and reassembles received packet data into data for applications.

The Network or IP layer is responsible for addressing packets with source and destination IP addresses so that they may be routed through the Internet.

The link layer handles all the physical details of interfacing with the cable, including the network interface card and a device driver.

Q196    (a) A port is an address for a software process, e.g. an instance of a web browser.

(b) A socket is a combination of a host IP address and a port number.

Q197 Any three from the following (there are many more but these are ones that people are most familiar with)

Port 80 – Web server

Port 23 – Telnet server

Port 21 – FTP server

Port 25 – SMTP server

Port 110 – POP3 server

Q198 A client machine sends a request message to the server and the server responds with a response message. The response message may contain data of many different forms. The most popular form is textual data formatted using Hypertext Mark up Language (HTML). Other items, such as graphical images or audio files, may also be transmitted. The simplest request message is:
GET /  <Return key pressed>

<Return key pressed>

(a) File Transfer Protocol (FTP) is an application-layer protocol that enables files on one host, Computer B, to be copied to another host, Computer A. One host runs an FTP client and the other an FTP server. FTP servers use two ports: port 21 for commands and port 20 for data.

(b) E-mail clients use the Post Office Protocol version 3 (POP3), an application-layer protocol, to retrieve e-mail from an e-mail box on a remote mail server over a TCP/IP connection. The server holds incoming mail until the user connects and requests the mail using POP3.
(c) Simple Mail Transfer Protocol (SMTP) is used by e-mail clients to send e-mail. It is a relatively simple, text-based protocol, where one or more recipients of a message are specified and then the message text is transferred to a mail server listening on port 25.The mail server takes care of delivering the mail to the ultimate destination using the SMTP protocol.
(d) Telnet is a useful text-based protocol that can be used to:

i manage a remote machine

ii read the HTML text of a Web page

iii retrieve e-mail

iv send e-mail.

A telnet client connects to port 23 of a telnet server on the remote machine allowing the client to manage the remote machine, i.e. to create files or folders, to delete files or folders, to open files for viewing, etc., as if the remote machine was the user’s own local machine.

(e) Hypertext Transfer Protocol over Secure Socket Layer (HTTP over SSL or HTTPS) is a Web protocol developed by Netscape that encrypts and decrypts user page requests as well as the pages that are returned by the Web server. HTTPS uses a Secure Socket Layer (SSL) beneath the HTTP application layer. HTTPS uses port 443 instead of HTTP port 80 in its interactions with TCP/IP. HTTPS is widely used on the Web for security-sensitive communication, such as payment transactions and corporate logons.
Exam practice questions
Q199    Internet is a network of computer networks and computers using unique IP addresses and   TCP/IP protocol. 

The World Wide Web is a system of interlinked hypertext documents accessed via the Internet. 

An intranet is a private computer network that uses Internet protocols – TCP/IP, HTTP, FTP, POP3 and SMTP – and client-server operations to securely share part of an organisation’s information or operations with its employees or members. Sometimes intranet refers to an internal web site. 

(a) To ensure the domain name is unique // to allocate a unique IP address to the domain.

(b)  Domain Name Servers store databases of domain names and their allocated IP addresses. IP addresses can be looked up from DNS databases located on the Internet;

(a)  Client workstation computers are provided with a service from some central server, all processing required is done by the server, the processing results are then returned to the client.

(b)  

(i)  Set of rules about the way two devices communicate.       

(ii) Alice uses SMTP protocol to send her message to the e-mail server of her ISP. The ISP looks at the domain name to find the servers accepting messages for that domain. The domain name is the second part of the destination address. The message is delivered to the mail box of the user. Bob logs on through the Internet to his ISP and collects his message using POP3 protocol.

(a) 
140.234.1.25
Justification: local address uses port 23 which is the well-known port number of telnet servers.

(b)
140.234.1.25.23 or 202.101.10.4.1055

(c) 
management of remote web site;

logging in to the operating system of a remote machine

creating a new directory/folder/file on remote machine;

deleting file/directory on remote machine;

renaming files/directory on remote machine;

changing password on remote machine;

creating a new login account on remote machine;

moving/copying a file/directory from one place to another on remote machine;

changing file/directory permissions/access rights on remote machine;

retrieving e-mail from remote machine;

reading a file/ listing contents of a file on remote machine;

searching for a file/director on remote machine;

listing directory contents of remote machine;

9.2
End of topic questions

Web Site Design

Q200  <a href=”http://www.educational-computing.co.uk”> Click me to link to ECS Ltd</a>

Q201  Place anchors throughout document at positions which users need to be able to jump to using the following html:   <a name=”top”></a>

      Place hyperlinks in strategic places to allow users to jump to the above referenced parts of document, e.g. the top of the document as follows: <a href=”#top”>Click here for the top of the page</a>

Q202  <ol>

          <li>Pascal Programming</li>

          <li>Databases</li>

          <li>Binary Arithmetic</li>

      </ol>

Q203  Monchromatic

       Analogous

       Complementary
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Cascading Style Sheets

Q205 A style sheet describes in a style sheet language the presentation, e.g. font style, font size, colour, of the contents of a document written in a markup language such as html.

Q206 HTML was designed to be used for marking the structure of a web page, e.g. its headings and paragraphs, not for marking how such paragraphs and headings should be styled. Style sheets enable the presentational aspects of a web page to be separated from its structural aspects. Two types of style sheet are an external style sheet and an embedded style sheet.
Q207 A style rule consists of three parts: a type selector, a property and a value, i.e. selector {property : value}

Q208 (a)
p {text-align : center; color : red} 

Q209 (b)
h1 {color : blue; font-size : 32pt; font-family : "serif"}

Q210 (a) 
<div></div>
<p></p>
<h#></h#>
<ol></ol>

Q211 (b) 
<span></span>
<strong></strong>
<em></em>

Q212 redbold is a class selector. Any HTML element that has the class attribute redbold will apply the colour red to its enclosed text.

Q213 IDs identify a specific element and therefore must be unique on the page. Classes mark elements of a group and can be used multiple times, a defined style may be applied to multiple elements.

Class selectors can be combined together in elements. IDs cannot be combined in this way.
Exam practice questions
Q214  (a)
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(b) p {color: red}

(c) Embedded, internal
Q215  (a)
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 (b)
The key difference between IDs and classes is that IDs identify a specific element and therefore must be unique on the page – a specific ID can be used only once per document. Classes mark elements as members of a group and can be used multiple times, as is the case if a defined style is applied to multiple elements.

(c) 

ID selector identifier is prefixed with # not '.'.

.greenStyle {color : green; font-style : italic}

and

p.greenStyle a{text-decoration : underline}

need to change to

#greenStyle {color : green; font-style : italic}

p#greenStyle a{text-decoration : underline}

Q216        External, internal, embedded

Q217        Monochromatic – uses a single base colour and any number of tints or shades of that colour.

Analogous – Analogous colours are any three colours which are side by side on a 12-part colour wheel, such as yellow-green, yellow and yellow-orange. Usually one of the three colours predominates.

Complementary – consists of colours which are located opposite each other on the colour wheel, such as green and red, yellow and violet or orange and blue.

10.1
End of topic questions
Current laws

Q218 When designing a user interface, you should consider the Health and Safety Regulations and accessibility guidelines to ensure users can view the information on screen comfortably.

Q219 Under the health and safety regulations should be allowed breaks or changes in activity and have a suitable work station with adjustable chair and monitor, detachable keyboard and wrist rests. A work station assessment may be required and/or training on correct posture.

Q220 The company has to abide by the Data Protection Act.

You need to ensure customers to the website are asked to agree that personal information is collected. You also need to ensure this data is securely stored.

Q221 Under the Regulation of Investigatory Powers Act it is an offence to intercept a message sent by telecommunications systems. Once in the organisation’s mail server the Data Protection Act applies.

Ethics

Q222 If you break the code of conduct of your organisation you may be subject to disciplinary procedures, this could be a written warning, being barred from the computer system or dismissal.

Q223 You would be contravening the Copyright, Designs and Patents Act. 

Q224 Software licences permit use of the software, it does not mean you own the software outright. You therefore do not have the right to sell the software. Licences are not usually transferable; this means you can not legally sell a software licence to a third party.

Q225 To restrict the use of digital media, digital rights management technologies may be used such as encryption, digital watermarks or the inclusion of meta data in the digital file that records the purchaser’s details. 

Emerging technologies

Q226 The digital divide describes the gap between those people who have access to information technology and those who don’t.

Q227 Computer programmers can work from remote locations as long as they have access to a computer and communication links with their customers and/or colleagues. This means a global job market.

Q228 Machines are very good at repetitive tasks with clearly defined steps. 

          Humans are better at object and pattern recognition.

Q229 The brain works in a very complicated way and we still do not fully understand how it works.

Q13  and Q14  These question are open ended and are designed to stretch and challenge more able 

students.
Exam practice questions
Q230       (a)

(i) To minimise unauthorised access password protect and/or encrypt sensitive files and change passwords on a regular basis. Choose passwords that are difficult to guess. Set attributes and access rights to restrict access to specific users. Automatic log-out after a set time of user inactivity.

(ii) Unauthorised access could be detected through software that monitors user activity and keeps a log of file access and changes.

(b)

(i) Install a firewall to protect from hackers.

(ii) Use up-to-date virus checking software to protect against viruses.

(iii) To protect against system failure, regular automated backups should be done and an uninterruptible power supply should be installed so that the system can be shut down safely.

(c) The company needs a good recovery procedure, such as plans where to source alternative hardware and how to install backup files.

Q3
Personal data refers to information about a living identifiable individual.

Q4
(a) Health and Safety (Display Screen Equipment) Regulations 1992

(b) Data Protection Act 1998

(c) Copyright, Designs and Patents Act 1988

(d) The Regulation of Investigatory Powers Act 2000

Q5
(a) Unauthorised access to computer programs or data and unauthorised 

modification of computer material.

(b) Enforce strong passwords, i.e. passwords that are not easily guessed.

Keep a log of all movements on confidential files.

System should disable login after three wrong passwords have been entered.

Additional passwords should be required to access/alter important files.

Encrypt sensitive files.

Q6
(a) The individual citizen might not welcome this as it may be seen as an intrusion 

of privacy.

(b) A large multi-national corporation might not welcome it for fear of industrial 

espionage.

(c) Governments may welcome this as it may help in detecting terrorist activity.

Q7
(a)
(i) People listening to an audio CD often want to know the title of the 
track without having to look this up on the CD cover. Additional information not recorded on the CD cover may be available from on-line database.
User can get e-mails promoting products that the user likes.

(ii) The software company could gain statistics based on user interests. 
They could expand product lines to cater for user’s interests.

(b) This may be seen as an invasion of privacy especially if the user is not aware of this taking place. Computer owner’s permission to link e-mail address to digital fingerprint was not obtained. Permission to place digital fingerprint on user’s computer was not obtained.

Q8
(a) Data Protection Act

(b) Copyright, Designs and Patents Act

(c) Computer Misuse Act

(d) Copyright, Designs and Patents Act

Q9
(a) Computer systems can store vast amounts of data and can manipulate data quickly. Computer systems can give access to data far from the site where the data are stored. Data is more easily shared because computers can be networked.

(b) Computer Misuse Act


Copyright, Designs and Patents Act

Data Protection Act

Q10.
Under the Copyright, Designs and Patents Act, it is illegal without permission to do any of the following to copyrighted software:

Copy, transmit or import software

Sell or distribute copies of software

Adapt copies of software or reverse engineer software

The Act also makes it illegal to use (run or possess) pirated software.

Q11.
(a) Governments may allow the routine monitoring of e-mails to 

-
monitor criminal activity

-
monitor terrorist activity

-
monitor political groups


(b) An individual may encrypt the contents of e-mails.

Q12.
(a) Copyright, Designs and Patents Act might be broken because they are copying music without a licence or permission. They are also copying software without a licence.

(b)

(i) CD-ROM or DVD-ROM.

(ii) CD/DVD drive, speakers and soundcard

(c) The Data Protection Act applies. Personal data must be up-to-date/accurate (integrity).

Personal data must be kept secure to prevent unauthorised access (security).
Nelson Thornes is responsible for the solution(s) given and they may not constitute the only possible solution(s).
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By De Morgan’s law:  C.D = C + D





+





A.(A+B)





B.(A+B)





=





A.A.B





+





B.A.B





+





A.(A+B)





B.(A+B)





=





A.A + A.B





+





B.A + B.B





Multiplying out the 


two bracketed terms





=





A.A + A.B





+





B.A + B.B





  A.B





+





B.A





 B.B = 0





and





But A.A = 0





A.(C + D)





B.(C + D)





+





=





(C + D).( A + B)





.





 (C + D) is a common factor





By De Morgan’s law:  C.D = C + D





(C.D).( A.B)





=





(C + D).( A + B)





.





(C.D).( A.B)





=





(C.D).( A.B)





Double NOT leaves expression unchanged





C





B





C.D





A.B





(C.D).





(A.B)





D





A





(C.D).





(A.B)





A1     B1 + A2     B2





+





+





Q = 





A.(A + B) + A.B





= A.A + A.B + A.B





= A.1





= A





= 0 + A.(B + B)





A.(A + B) = A.A + A.B





= 0 + A.B





= A.B
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Memory Address Register
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Main Memory
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Data Bus
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