KNOWLEDGE ORGANISER

COMP 2 REVISION: COMPUTATIONAL THINKING, ALGORITHMS &
PROGRAMMING



2.1 —Algorithms - Computational Thinkin

KEY TERMS
Algorithm: Steps to provide a solution
to a problem, usually represented in
flowcharts or pseudocode

Decompose: Breaking down a large
problem into smaller sub-problems

Abstraction: Representing 'real world'
problems in a computer using variables
and symbols and removing unnecessary
elements from the problem e.g

Algorithmic Thinking: Identifying the
steps involved in solving a problem.

Sequence: Completing steps in the
order which they must happen

Selection: Where a choice is made in a
program depending on a condition or
outcome

Iteration: Act of repeating or lopping
specific sections of code
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2.1 —Algorithms — 4. Flowcharts
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2.1 —Algorithms — 5. Pseudocode

WHILE TRUE:

an

temp =

IF temp > than 20c THEN
Open windows AND heaters OFF
ELSE
Close windows AND heaters ON

TIME = “”
IF TIME = 18.00 THEN
Sprinklers on
ELSE
Sprinklers off
Continue
BREAK

This repeats, it reads the temp of a
greenhouse. If greater than 20 degs then
open windows and turn heaters off ELSE
close windows and heaters on

It checks the time if the time is 6pm then turn
sprinklers on otherwise keep sprinklers off




2.1 — Sorting Algorithms — Bubble, Insertion & merge

Bubble sort

Works by repeatedly going through the list to be sorted, comparing each pair of adjacent elements. If the elements are in the wrong order they are
swapped, else they are left in position.

Insertion sort

Sorts data one element at a time. The algorithm takes ane data item from the list and places it in the correct location in the list. This process is
repeated until there are no more unsorted items in the list. More efficient than bubble sort.

Merge sort

This is a two-stage sort. Firstly the list is split in half into sub lists repeatedly. The algorithm stops splitting the lists when each list has only 1 element
in it. The second stage involves repeatedly merging the lists in order until there is only one sub list remaining.
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Figure 3 - Merge sort example

Figure 1 - Bubble sont example

Figure 2 - Insertion sort exaomple




2.1 —Sorting Algorithms - Binary and Linear searches

Key vocabulary

Data may be in any order to complete a linear search. Each [tem Is inspected In turn to see whether it is what is being searched for. If an item s
Linear Search found, then True is returned, else the next element Is inspected until all items have been searched. If nothing is found by the end of the algorithm
then False is returned,

If & list is sorted (numerical or alphabetical order) then a more efficient algorithm can be used. It works by repeatedly dividing the list into half and
searching in the appropriate half.

15 ] 1345] 7 |4 15,2511 15J 4 7 [11113[1525/48

Vo B e

1513 48] 7 |4 [1525/11 ® gm@@

Iml Gamzamoan

€. E000C0 | ¢ Qo@BEEe

Tl Crarypsm A Eﬁ ] 15

3 7 4 152511
[ P —
EORO5EED A —

QN 1348(7 [4 152511

Figure 1 - Linear seorch example

Binary Search

1524




2.2 Programming Techniques -

An error in the rules/grammar of the language

Logic Error

The program is written to do something other than what the programmer intended
Eg Resetting only the first 9 elements in an array instead of all 10.

Run Time Error:
More difficult to spot as it can run a program without reporting an error. E.g. runs but
Doesn’t give an output. Or the program hangs or Becomes inactive

/ Data Types

%

Other Info \

Real /Float
Number with decimal Point Co.m-:at‘_?gate 3
Integer To join different data types together
Number without a decimal Point #C -
String omments '
. Use these to add comments in to your
A series of characters/TEXT i
code to explain what you have done
Character
A single letter or symbol . 1 as
) Validation: An computer check to
Date/Time .
o ensure that the data entered is
Date and Time in any format )
sensible and reasonable. It does

Boolean
kes no. true false value not check the accuracy of data. /




22 Programm/ng Technlques A procedure performs a task, whereas a

function produces information.

— We can define a PROCEDURE to so something

| @& functionk.py - //dnmca-fps0001.sp¥local/staffareas$/gree WITHOUT expllcrdy returning a valye

HelloBob
[ File Edit \Fgrmat Run g?(s Window Help ——— : . HelloBob
def sum (a,b) : A TOSRSRaE LI S o

print ( "Hello" +name)
return a+b—_ print ( "Hello"+name)
print ( sum G 12,10) _) INemingees print ( hello_twice ( "Bob?) ) |

~

)




22 Programmlng Technlques A procedure performs a task, whereas a

function produces information.

saand b

b We can define a PROCEDURE to so something
WITHOUT explicitly returning a value

1p

ing up paramete

HelloBob
File Edit \Format Run Optighs Window Help
. ~ |HelloBob
def sum (a,g; def hello__twice (name) : -

print ( "Hello" +name)

return a+b print ( "Hello"+name)
print ( sum §12,10) print (hello__twice ( "Bob") ) |
h]
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2.2 Programming Technigues

Comparison Operators Aritmetic Operators
== Equalto + Addition eg x=6+5 gives 11
1= Mot equal to = Subtraction eq x=6-5 gives 1
< Less than . Multiplication eq x=12"2 gives 24
o= Less than or equal to _ ! | Division eg x=12/2 gives &
Exponentiation: When one number increases exponentially = s
- Greater than a (the number of times) to another. The repeated % A= 16_;,(2 Zoaez
e . =16,0r27)
multiplication of a number by itself.
= Greater than or equal to
Modulus: The remainder that is left over when a number is

16MOD3=1(16/3=

MOD divided by another. Some programming languages will use 5. with 1 left over)

the % symbol for MOD.

Integer division: Used to find the quotient (integer number 100 DIV 3 = 33 (actual

DIV before the decimal point) after division. Python uses // for value 33.333333333
this. repeating) ]
A T e ommmn |+ 1 wo-aimensional (2D) arrays are indexed by two
LIST MUTABLE [] subscripts, one for the row and one for the column.
DIFFERENT DATA TYPES E.G. [1,”HELLO”, 3.4]  Example:
rating \
TUPLE IMMUTABLE () r 0\W col \ movie (second index)
DIFFERENT DATA TYPES E.G. (1,2, “Hello”, 4.3) v / o 1 2 3
rating[0][2] = 2 reviewer 0| 4 6 2 D
rating[1][3] = 8 i
ARRAY IMMUTABLE [] n(qugi) ffr19]14)8
SAME DATA TYPE E.G[1,2,3,4] 2l 6 | 9|3 |7




Check digit

Format check

Length check

Lookup table

Presence check

Range check

Spell check

the last one or two digits in
a code are used to check
the other digits are correct

checks the data is in the
right format

checks the data isn't too
short or too long

looks up acceptable values
in a table

checks that data has been
entered into a field

checks that a value falls
within the specified range

looks up words in a

 dictionary

bar code readers in supermarkets use
check digits

a National Insurance number is in the
form LL 99 99 99 | where L is any
letter and 9 is any number

a password which needs to be six
letters long

there are only seven possible days of
the week

in most databases a key field cannot
be left blank

number of hours worked must be less
than 50 and more than 0

s Word uses red lines to underline
misspelt words




2.3 Robust Programs

Valid — Data that is correct

In Range — The maximum values of the data that
could be entered for example for teenagers 13 - 19

Out of Range — Values higher or lower than the
expect range, for teenagers greater than 19

Null Value — when no data is entered or left blank to
test what happens.

Invalid - incorrect values such as entering ‘Dave’ in
an age field.

Test Data
or Situation

Date stz 2% July 2007

1. Intemnet Explorer
70,6000

2. Mozilla Firefox
2.0.0.6

3. Safan for Windows
303
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2.4 Computational logic _




2.4 Computational logic

An example logic circuit, with notations and truth table
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Why is data represented in Binary in a
computer system?:

Binary is the representation of the
‘presence’ of electricity

If present or ‘on”’ we use a: 1

If absent or ‘off’ we use a: 0

We can use this idea to change 1 and O
states through the use of logic gates

Logic Gates take inputs and covert them to
an output

The digit 1 or O is stored in transistors
which are in the processor.

Half Adder: A circuit to add two binary bits
together

Full Adder circuit: 2 half adders together.
This can add more than two binary bits
together and deal with carrying bits over



2.5 Translators and Facilities

How Instructions are stored in Binary.

* The instruction consists of an operator/op
code and an operand

* both stored as bit patterns

* (op code) from a given instruction set

* Each op code has a unique bit pattern

Why Use Binary.

* So that computers can be based on logic
circuits.

* (each part of the circuit) can be in one of two
states

* 0and 1/true or false

Translators

Interpreters:

Translates one line of HL code at a time...

... and executes it

... stops when it finds an error

... can be resumed

Compilers:

Translates whole program of HL code at a time...
... and executes it

... stops when it finds an error

Assembler:

Translates Assembly language into machine code




2.5 Translators and Facilities

High-Level Languages
( Java, PHP, Python, etc.)

Assembly
Language

EAREE T T A T T TR TR Assembler
Machine Code

Instruction set
Hardware

Source Code: The code the programmer writes

Object Code: code converted by the compiler
so that it can be understood by the computer

Executable Code: Files which contain

instructions in machine code. These
instructions are carried out in the computer
hardware

Programming Standards
Code should follow agreed conventions (EG Lowercase for
variable names, schemes to be followed).
Language code is written in.
Functions used to tidy up repeated code.
Comments explain the code clearly.
Correct use of indentation.
Useful identifiers (File names & Variable names)

Code should follow agreed conventions



2.6 Data Representation - Images

Images store as binary ....

* Stored as Bitmap file as pixels

* Each Pixel of Image is made up of
alorO.

* Following information about
image is stored in file:

*  Width of the picture in pixels.

* Number of bits used for each
pixel

* Colour of each pixel.
Image Resolution = The
concentration of pixels in an image
Higher Resolution = More Pixels =
Larger File Size
Lower Resolution = Less Pixels =
Smaller File Size.

Two main types: UE Ctﬂ s

BITMAP - The page is divided into

an mws:bte grid and each pixel is and can be scaled infinitely withiout any los:
assigned a colour By : b ¥
quaity. Bvery line and s FL. |-_ -ﬂ vallle o
CNanges 1|"* N e Mmage expanos.
VECTOR ' -

Drawn by following a set of
mathematical instructions

* Draw a circle

‘ertors are hased = ot #m "
k= | F Ay I.-.I 'i- 11’ rm-llﬂ i-h|-|

« radius: 6 pixels : r BI'ISmEIPS
Bitmaps refy on a series of square blocks ca
« centre: 10, 10 il ! g
2 i : pinels, ar 1-='f—J, :,,Jl e quality of the images
+ line thickness: 1 pixel depends on the amount of pixels per square
The more pixels, the better the quall

Metadata: data about data - Certain information must be defined for
the bitmap image. E.g. width, height, pixels, colours,

Colour depth
How many bits will be used to store the colour for each pixel in the grid.
E.g. 8 bit (1011001) allows 256 different colours.

The greater the colour depth: The more realistic colours, The more data
needs to be stored and the larger the file size on disk




2.6 Data Representation - Sound -

“— Low sample rate
High sample rat




2.6 Data Representation - Sound

« The bit rate of a file tells us how many bits of data are processed every
second. Bit rates are usually measured in kilobits per second (kbps).

How do you Calculate bit rate?
The bit rate is calculated using the formula:

Frequency x bit depth x channels = bit rate

Atypical, uncompressed high-quality audio file has a sample rate of
44 100 samples per second, a bit depth (the number of bits available for
each sample) of 16 bits per sample and 2 channels of stereo audio. The bit
rate for this file would be:
44,100 samples per second x 16 bits per sample x 2 channels = 1,411,200
bits per second (or 1,411.2 kbps)

A four-minute (240 second) song at this bit rate would create a file size of:
14,411,200 = 240 = 338,688,000 bits (or 40.37 megabytes)

How is sound stored in Binary?

Audio file is inputted through a microphone - broken down into
thousands of samples per second,

More samples recorded per second the higher the quality of the
audio file, but the more memory it will consume.
Each sound sample is stored as Binary Data.

The more bits per sample also increases the higher the quality
of the audio, on a CD the bit depth is usually 16 bits

Compression: The method computers use to make files smaller
by reducing the number of bits (1’s and 0’s) used to store the
information. Can be used for any files including sound and
image files

Lossy compression: makes the file smaller by getting rid of bits
that aren’t really noticeable to the human eye. Once a file has
been compressed using a lossy method, any bits that are lost
cannot be recovered. + can produce smaller file sizes. - No
good if 100% accuracy required e.g. text files

Lossless compression: The file is reduced without losing any
quality so the original file can be restored.

+ Original file can be restored without losing any data. - Not
all files can be compressed using lossless compression




2.6 Data Representation - Characters

Char | Code | Char | Code | Char | Code | Char | Code | Char | Code Char

[space] | 48 0 64 @ 80 P 96 ’ 112 p

! 49 1 65 A 81 Q 97 a 113 q
« 50 2 66 B 82 R 98 b 114 r
# 51 3 67 C 83 ) 99 c 115 s
$ 52 4 68 D 84 T 100 d 116 t
% 53 5 69 E 85 U 101 e 117 u
& 54 6 70 F 86 \% 102 f 118 v
4 55 T 71 G 87 W 103 g 119 w
( 56 8 72 H 88 X 104 h 120 X
) 57 9 73 I 89 Y 105 i 121 y
! 58 5 74 J 90 z 106 j 122 z
+ 59 : 75 K 91 [ 107 k 123 {
g 60 < 76 L 92 \ 108 | 124 |
- 61 = 77 M 93 ] 109 m 125 }
5 62 > 78 N 94 A 110 n 126 ~
/ 63 ? 79 (o] 95 111 0 127 | [backspace]




2.6 Data Representation




2.6 Data Representation

Denary to Hex Conversion

e.g. Convert 167 into Hexadecimal
1. Divide the number by 16:
167/16=10

2. Record the remainder:
Remainder =7

So 10 in Hex is Aand 7 in Hex is 7
Therefore the answer = A7

Convert Hex to Denary

» Take the hex number and split it

» Times the left by 16 and the right by 1
* Add these together to get Denary

* E.g. See table to convert 4C 4 C(12in
denary)
4*16=64 12*1=12

64+12=76



2.6 Data Representation




