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Computer Science P-2 4 Unit-1: Teacher's Guide
Unit 1: Teacher’s Guide

1.1

1.2

Context

Paper 2 should be completed prior to starting Paper 4.

It is recommended that this paper be taught in a practical way with learners having
access to a computer that supports VB.Net (console mode).

Learners should be encouraged to write their own programs, debug and execute them
using a computer with the assistance of their teacher

Outline

Paper 2 provides learners with knowledge and understanding of the following core aspects of
problem-solving and programming:

- Algorithm design
- Data representation
- Programming

- Software development

Teaching time

It is recommended to spend about 90 hours on Paper 2.

Programming languages

VB.Net (console mode) has been chosen as programming language for this book
because it is procedural and supports object oriented programming.

é%

ﬁo@ (\g\&

VB.Net Resources
% \V/ \w
www.homeandlearn.co.uk/net/vbnet.html ﬁ‘@@’
http://www.tutorialspoint.com/vb.net/ @ 6@
http://howtostartprogramming.com/vb-netJ 09%&@ é"
(?)

httg://www.microsoftvirtualacademy.com/traininq—db&@@eﬁndamentals-for-
absolute-beginners @

%
http://www.studyvb.com/ %
@ L
@2@3
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Unit 2: Algorithms

An algorithm is a set of instructions that either solves a problem or informs the user that there
is no solution.

Representing algorithms
There are two main ways of representing algorithms using:
- Pseudocode
- Flowchart
Common keywords used when writing algorithms
Several keywords are often used to indicate common input, output, and processing operations.
(i) Keywords used to take data from a user
- INPUT, READ, OBTAIN, GET
- Example: Input radius
(i) Keywords used to give information to a user
(iii) Keywords used for processing data
- COMPUTE, CALCULATE, DETERMINE, DO
- Example: Calculate velune

(iv) Keywords used for declaring varizhie

- INITIALISE, SET
- Example: Set count tc O (Le. count = O
(v) Keywords used to increase a variable value

- ADD, INCREMENT

Example: Add 1 to count (i.e. count = count + 1)

, 2
(vi) Keywords used to decrease a variable value » )% )be\
_  SUB, DECREMENT (s;\\\,%{\ D\
P R
- Example: Decrement count by 1 (i.e., count = cou t(G%\) 3@2/
))
Case Study: Consider the movement of an electronic toy / @Y 5

can move over the floor according to commar g/s ha(b\{ is given through a

An electronic toy
e mstruct&c@g”shqvfﬁ in table below:

keypad. As it moves, it draws a line. It can obey th

Meanin QP
Instruction g (‘O& 2 -
tForward  JT AR Move forward A:CMIREEE i H‘%‘J
o T "é S ‘:--'vs -I;f' SoE TP CREEM Vit IR WA R MG I AL L oy
‘Backward n Move bac w\aﬁk@
5 TP vv YN *‘“\wﬁe

iTarn. Iéft n dégree

5{“\ "“‘Wﬁ&ﬂhﬂ‘ ! -{?#1;1754 “ O B PE R
Turn right n degrees

' ’RGPWWFWFW&IOWHEWWW o

R R e
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Class Activity 1:

Write an algorithm for the toy to draw the diagram shown below:

10 cm

25cm

P SES—

Start > o

A
v

5cm

2.1 Pseudocode

Pseudocode is the language that combines programming terminology oﬁ\‘h\level
programming language terms (e.g. if, while, repeat etc.) and ordinary Eng l§h uns and
verbs: number, total, set count to 0 etc.). It is a halfway house (i.e. coggine%h{vo features)
between written English and the program code for the problem. ‘)3

The idea is that, once the pseudocode is written, a programmer usi@ mgh level language

(e.g. VB, Java, C ++ etc.) should be able to write the progr r&bodg rom the pseudocode
design. eg )

§
Pseudocode and programming constructs/structures N O v Q

Algorithms and programs are expressed using 4 ba @St éﬁ“ﬁes, constructs:
Assignment construct (Le. assigning xal({és {81

Sequence construct (i.e. instructions whlgpare executed one after the other)

Selection construct (Le. if statements or select case statements}

— Iteration construct (i.e. loops) _____4

tifiers)
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2.1.1 Assignment constructs

<variable> = value Or <constant> = value

Example: Declare a variable Name with initial value Fawad and another variable Pie with
initial value 3. 142

Name « " Fawad"
Pie « 3.142

Class Activity 2:

Write a pseudocode that declares two variables (Mark1 and Mark2) that stores initial values
40 and 90 respectively.

2.1.2 Sequence construct

This means a two or more statements are going to be executed one after the other.

Example: Using pseudocode, write an algorithm that calculates the sum of two numbers
input by a user.

Input num1
Input num2
Print num1 + num2
Note: The pseudocode below is an example where insirucion:s are not executed in sequence

1. Input num1

2. Gotoline 4

3. Print num1 + num2
4

5

Input num2
Goto line 3
D,
Class Activity 3: §«
Write the Pseudocode that will allow a user to calculate volume of a cyh@@g> s?/ri?formula.
- P H * H * H @
V = pie * radius * radius * height. /709 /@b

2.1.3 Selection constructs

It is used when a decision or comparison has to be madegg@?the fg%’m of a condition. If the
condition is true, it will execute certain instructions else @ é[s% it will execute another set

of instructions.

Testing a condition @

In selection or condition statements compariso s %@e tested using the following operators:
- = (Equals)

- > (Greater than)
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- < (less than)
" >=  (greater than or equal to)
- <= (less or equal to)

- <> (is not equal to)

Types of selection constructs

We can have two types of selection construct:
- IF construct
- CASE construct

(i) IF construct
There are different types or variations of IF construct/structures including:

IF structure without 'ELSE' clause

— IF structure with 'ELSE' clause

— Nested IF structure

1. IF structure without 'ELSE' clause

IF <condition> THEN

<statement>
ENDIF
Example: Using pseudocode, write an algorithm fh;ii iakes z:la /% from a user and output
pass if the mark is above 60.
Input mark
If mark> 60 Then
Print "Pass"
End IF
@
o
Class Activity 4: ;\\@O@

:\(I’nte the pseudocode that take a mark from a user and output fqi@‘g%gh%/g/ogrk is below
P&
©
Class Activi d%'J@ éo
ctivity 5: @Q
i i . , ©
_(r z] . ma\:(\i/r:;ts the pseudocode to input an examination (fjark c?@ output the grade awarded.
M mark is 100. The table below shows th g)rg?@'es that correspond to the marks
O,

gained. 0
&
A
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Mark Grade
1059 U ‘,
60-69 E
AR EIP I
75-79 c
'80-84 B
85-89 A
190100 A+
2. IF structure with 'ELSE' clause
IF <condition> THEN
<statement>
ELSE
<statement>
ENDIF
Example: Using pseudocode, write an algorithm that fawsm a mark from a user and output
pass if the mark is above 59 and fail if it is beiow 5%
Input mark -
If mark> 59 Then
Print "Pass"
Else
Print "fail"
End IF
Class Activity 6:

Write the pseudocode that take a temperature from a user and output high if the te

is above 40, else output low.
3. Nested IF structure

IF <condition> THEN
<Statement>
IF <condition> THEN
<Statement>
ELSE
< Statement >
END IF
< Statement >
ELSE
< Statement >
END IF

" @tv\@ﬁe\g—lture
< 5 @@@
QQ@ /o bb
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An example is illustrated below:

(‘ If Mark < 0 Then
Print "Mark below accepted range!"

Else
— If Mark <= 100 Then
~ If Mark <40 Then

Print "Fail"
Else
Print "Pass"
“e.. End If
Else
Print "Mark above accepted range!"
S~ End If

K End If

This is called a nested IF structure. It has one IF statement nested (sitting inside) another.

Note: Nested selection

A nested structure (such as an IF statement) is containsd insiis another similar structure (e.g

IF statement). This is emphasised by indenting the cods i show how the statements are

nested.

Class Activity 7:

Which algorithm is the more efficient (If structure v/s nested IF structure)? &
AN

Example: Using pseudocode, write an algorithm take an age from a user, f{[&%% K the

age is valid (must be between 0 and 100), if so, print young if the age is Qg/lo V.%O or print
2

old if the age is above 39 & &
Input - s
ut age o 2oy T
If a X @\/&é\g})
ge> 0 and age <=100 @Z
7, jvd
i 200 < 40 Then @@i\@ g,@
r n ]
int "young ’ 3 @(ﬁ

Else 2
Print "old" (@ 2
End If @g@g,@f 5

End If e




Compisar Science P.) 12

Class Activity 8

Write pseudocode for a program that takes a mark from a user, Firstly, check that the mark is
above 39 and if 80, check #f the mark is above 90 and below 101, then print "Excellent Mark”,
else print "Pass Mark”. If the mark is below 60, print "fail mark”.

(if) Case construct

Case construct is used when there are multiple options from which to choose.

There are different types or variations of Case structures including:
- Case structure without 'otherwise' clause

Case structure with ‘'othervwise’ clause

1. Case structure without ‘otherwise’ clause
CASE OF <identifier>

<value 1>: <gtatement>

<value 2>: <Statement>
ENDCASE

Example: Using pseudocods, write an algorithm (using case .. structure) that takes a
temperature, print "room termperature” if the temperaturs i< from 1 to 37, prints "extreme
temperatures” if the temperature is from %8 to 100 or
temperature is from -15 to o degrees Celsjyz,

print "freszing temperatures” if

Input temperature

Case of temperature
1 to 37: print "room temperature"
38 1o 100: print "extreme temperatures”
-15 10 0: print "freezing temperatures”

End Case
y
[ \
Class Activity 9: «@’ fgv\
Write an algorithm that displays Grade E when student marks are 0 to a?//_)f //@e D when
student marks are 21 to 35, Grade C when student marks are 36 to 45, g-?_‘) d? 6BWhen student
marks are 46 to 60, Grade A when student marks are 60+. &2 y///j////)
Y
2, Case structure with 'otherwise' % o P
’./' “9 - 5
CASE OF <Identifier> N &({ p 4
<value 1>: <statement> %} {:“ (/,@»)) l
<value 2>: <Statement> (< @
i ,f @
OTHERWISE @@ &
57
<statement> Q@

ENDCASE
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Example: -Using pseudocode, write an algorithm that displays Grade E when student marks
are 0 to 20, Grade D when student marks are 21 to 35, Grade C when student marks are 36 to
45, Grade B when student marks are 46 to 60, Grade A when student marks are 60+. 1f students

mark are not within the range, print Grade F (use case of ... otherwise structure)

Input grade
Case of grade
0 to 20: Display "Grade E"
21 to 35: Display "Grade D"
36 to 45: Display "Grade C"
46 to 60: Display "Grade "8"
60 +: Display "Grade A"
Otherwise:
Display "Grade F"
End Case

Class Activity 10:

Write the pseudocode for a program where someone types in the name of an animal and it
outputs the sound the animal makes. The animais it shouid handie are:

— Pig - Oink

— Cow- Moo

— Bear-Grr

— Sheep - Baa

— Tiger - Grr

— everything else — Meow
2.1.4 lteration constructs

A loop is used when a block of program instructions is executed a finite number of times
according to some condition. Because the instructions inside the loop are repeated, these

loops are called iteration, or repetition, constructs. @
: . . Y &
There are 3 main types of iteration constructs/structures: . @Q Q%%\\%
— For ... Next loop structure ,§>> &/@%
— Repeat. .. Untilloop structure %ﬁq/ \,_0%)
— While ... End While structure &9 57

% 2
. @)
(i) For ... Next loop structure \2 ©>

. . (;‘ @ .
T:|§ loop is used when you want to perform the sequenc@@\%w%ns in a loop a number
of times. This construct take the following form: @

FOR <identifier> < <start value> TO <end ‘ng%% QQ
(O,
<statements> @
NEXT<identifier> @ é&
ENDFOR %
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Note: The for loop is a count controlled loop since we know the number of iterations initially
(e.g. for count = 1 to 10). The identifier is the variable that will increase or decrease

each time and it is known as the loop counter.

Example: Using pseudocode, write an algorithm (use for ...loop structure) that takes 10 numbers
from a user and output their total.

I

Total « 0
ForN=1to 10
Read number

Total « Total + number

End For
Print Total

Class Activity 11:

Write the pseudocode to read an integer, n, and output the squares of the first n integers:

Class Activity 12:

Write the Pseudocode that that will allow a user to enter an employee's name, number of hours
worked rate of pay. It then calculates the employee's total pay: total pay = rate of pay * number
of hours worked. Then it output the name and total pay of the employee. Note: If the name
entered is END, the program ends. The Pseudccede must cater for 50 employees.

(i) Repeat ... Untilloop structure

The sequence on instructions inside the loop is aiwavs n=ormisd atleast once. If the condition
is false, the loop repeats, else it stops. This censirucr waxe e following form:

REPEAT

<Statement>
UNTIL <condition> 2
, o N _ o ¥
Note: The repeat ... until loop is a post-condition loop since the condition is fou nﬁat{b\é end,
after executing the statements. NSy &%
"\¥// ) /
Example: Write an algorithm using repeat ... until structure that adds up%\s i6$ of numbers
until the total exceeds 100. ﬁ\f\ﬁ
Total « 0 22 s*
&{\J AT
Repeat @(\\ E\;@
S
Read number (L>
Total « Total + number () Q v/
Until Total >100 & @
Print Total @




Computer Bclence P-2 16 Uni-2: Aleyttress

Class Actlvity 13:

Write an algorithm using repeat ... until structure that will allow a user to continuously inpyt
names of students and print them but stop when a name "End” is encountered.

()  While ... End While loop structure

This structure Is used when you do not know how many times the steps inside a ’loop need to
be performed. This Ioop may not execute at all compared to for ... loop which will execute at
least once.

This construct take the following form:
WHILE <condition>

<statement>
ENDWHILE

Note: The while loop is a pre-conditioned loop since the condition is at the start itself, before
executing the loop.

Example: Using pseudocode, write an algorithm using while ...loop structure that will allow |
a user to calculate area of a circle as long as the radius being entered is positive.

Pie « 3.142
Input radius
While radius > 0
Area « Pie * radius * radius

Output area
Input radius
End While

Class Activity 14:

Write an algorithm that will read an item name and display it as long as the total number of
item is not equal to 100.

Note: Nested iteration Statements \g{ :5\
Loops c.an a.lso be nested. Consider a program that inputs a student's name R‘lg %L%y a set
of examination marks. g(‘ ¢ 3»3

Hadi 66, 22, 55,-1 \? OV

Mustafa 34, 22, 77,-1 Q§J @@’&
Fawad 54, 32, 76, -1 \

N
The process repeats for a number of students % }( %ﬁs when input of the student namé
i

END. The list of marks for each student is termiat C@\\/ a negative mark. The program outputs
the average mark for the student. %

e
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The solution can be:

Input Name
r While Name <> "END"

k End While

Sum« O

Count « 0

Input Mark

~ While Mark >=0

Sum « Sum + Mark
Count = Count + 1

Input Mark

.. End While
AverageMark « Sum/Count

Output "Average mark for" Name, "is “ AverageMark

Input Name

Note: Notice the use of nested while loops

21.5 Further exercises on pseudcsods

(1)

(2)

(3)

(4)

()

(6)

)

Write an algorithm using pseudocaeds u: 2sks the user to enter two integers,
obtains them from the user and disgiays the larger number followed by the

words "is larger". If the numbers are equal, it must print the message "These
numbers are equal".

Write an algorithm using pseudocode that asks the user to input three integers

from the user and displays the sum, average, product, smallest and largest of
the numbers.

Write an algorithm using pseudocode that reads 10 numbers from th rthen

prints out how many positive numbers and negative numbers us! 5/ &&1 ered
(consider 0 a positive number). N

Write an algorithm using pseudocode that will accept tHES n%é math mark,
English mark and French mark of 50 students, calcu[a&?@tﬁ’z‘
i

AN : :
the three marks and output the average of each @&Je@ ether with their
name.

A g
Write an algorithm using pseudocode tha@g\-@eﬁ@% marks and output its

average.

}‘
Z
Write an algorithm using pseudocodfox Hato g)%ts the number of even and odd
numbers when 20 numbers are @g@ J &y

(a) Write an algorithm using pselj E&ie with For... loop structure to input 15
different values for radius and calculate the area of circle in each case.
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(b) Modify the algorithm so that whenever a value less than or equal to 0 jg
entered for radius, the computer displays a message saying that "Error! Radiyg

must be greater than 0",

(8)  Wrlte an algorithm using pseudocode that accepts 10 temperatures reading in
Celslus, calculate and output the temperatures then in Fahrenheit. (Fahrenheijt

= 32 + 9/5* Celcius).

(8)  Write an algorithm using pseudocode that outputs the smallest and largegt
number when 10 numbers are input.

(10)  Using Pseudocode, write an algorithm to print the even and odd numbers from
0 until 26.

2.2 Program Flowcharts
— A program flowchart is a diagram that can be very helpful to explain an algorithm.

Flowchart is combination of two words i.e. flow and chart. Charts consist of different

symbols to display information about any program. Flow indicates the direction of
processing that takes place in the program. Flowchart is a graphical representation of
an algorithm. It is used to show all the steps of an algorithm in a sequence

Uses of logic flowcharts
Flowchart is used for the following reasons:

— Flowcharts are used to represent an algorithm in simole graphical manner.
— Flowcharts are used to show the steps of o #2000 in an easy way.

— Flowcharts are used to understand trz o o0 s orugram.

— Program can be reviewed and debuggec i

2.2.1 Symbols used in program flowcharts

The Start and end box:

Input/Output box:

‘l’ Declision/qu vy@!‘ o
The process box: x=x+1 \«{?@9 Z . Yer
(:X. -\> - (¢
36

/ ) -
l ® 9
2.2.2 Trace table o o

O S 0 ,
It is a technique used to test Pseudocode or ﬂqsvé{écé?{'g make sure that no logical errors

occur. Q{@
The trace table when built must consist of the

—_— Inouts: These are data taken from the user
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- Variables: They stores changing values
- Output: This is data that is to be printed
2.2.3 Hand tracing/Dry run
Itis the process where you use a trace table to:
- see what the pseudocode or flowchart will do before you have to run it
- find where errors in your pseudocode or flowchart are

2.2.4 Testdata

Test data are the values that will be used as sample in the trace table to test whether the
pseudocode or flowchart is doing what it should do.

Example: Design a flowchart that takes 10 numbers as input and outputs their total

Tot=01
=0
SR 4 — ]
/ Erpat T
L i e e
¥
jot="Tot+ Vi
v
C-=C+19
AN
N
\ 2\\{@ Qﬁ%\

%
S Q
SR

QY

N

a@’

6&”

N2

N

YesY

/ - PrintToty

Draw a trace table using the following test data: M = 2,4,6,8,1,3,5,7,9,10,11

Is'c=+1079 :: N011‘ (@/)%
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<

Tot

Output

A e

6

12

20

21

24

29

36

45
' 55

goﬂmuama«hn_

SP®NOOdwNaslo

55

Note: (1) Notice that the test data 11 is not taken into consideration since the flowchart cater

for 10 values only.

(2) This flowchart makes use of a counter-controlled loop as shown by the arrow
which goes upwards. Counter-controlled loops are used when a flowchart need to

take input and processed a fixed number of items.
Class Activity 15:

(i) Design a flowchart to calculate area of a circle while radius is positive

(ii) Draw a trace table with test data: r = 1,2,-3,5,8

2.2.5 Condition-controlled loop

In the flowchart below, we do not know in advance the e

of tirnes we wish the loop to

repeat. The flow of data in this case is interrupted by using = fgiie vaiue/data terminator. For
example here, the loop will repeat until the special daig ism {2 rogue value s that is less 0)is

met and thus terminates the loop.

Start

[

y

Z Input radius 7

'

Is radius
%02

Yes

, Area =314 *radlus ;'_'jra‘di‘usﬁl

4

Z, Pfint fadiu‘s /

w

y
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Class Activity 16:
Q) Design a flowchart to calculate the smallest mark when 5 marks are input (note: marks

are from 0 to 100)
(i) Draw the trace table using test data for Marks: 80, 50, 60, 40, 10, and 70

Class Activity 17:
Q) Dry run the following flowchart using the following test data:
N=3

Number = 10, 20, 15

"V
/ INPUT Number /
v 2
Total = Total + Number 2
g@%&
Count = Count +1 N
&P
N
OW\C)
Yes v ®>
4

NO
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() State the purpose of the flowchart.
()  Write the pseudocode algorithm for the flowchart above.

2.2.6 Further exercises on flowcharts
1. ()  Design aflowchart to calculate the smallest mark when 5 marks are input (note:
marks are from 0 to 100)
(i) Draw the trace table using test data for Marks: 80, 50, 60, 100, 10, 70

2, The pseudocode below that finds the roots of three inputs: a, band c. [Assuming there
s a function SQRT(x) which return the square root of x (x is an integer.]
Input a
Input b
Input ¢
deb*b-4"a*c
Ifd <0 Then
Output "No real roots"
Else
SquareRoot = SQRT(d)
Root1 «— (- b + SquareRoot ) /(2*a)
Rootz «— (-b-SquareRoot)/(2*a)
Output Root1 , Root2
End If

Draw the flowchart for the above pseudocode zrict gy e i uEing your own test data.
3.

Total « 0
ForN=11t010
Read number @
Total +- Total + number \@0)( $ D
&
Next N (@ //z?)
End For \(}- @@
SO
Print Total 5) )

@Y@\’

@@@%@

Draw the flowchart for the above pseudocode and dry run it u§ 62Eg\t(own test data.
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Unit-3: Procedural high-level programming languages

These are languages that require the programmer to specify precisely how a computer is to
solve a problem. They consist of a number of instructions that must be executed in the order
specified.

Examples of procedural high-level programming languages:

- FORTRAN (FORmula TRANslation) was developed to solve
mathematical/scientific problems

- PASCAL (named after the mathematician Pascal) was developed as a teaching
language

- BASIC (Beginners All-purpose Symbolic Instruction Code) was developed so
that as many people as possible could write computer programs.

These procedural high-level programming languages have been designed to solve different
types of problem.

NOTE: All these languages have developed over the years and some languages are
derivatives of others. For example, Modula-2 was developed from Pascal. All versions
of Visual Basic are derived from the original BASIC.

3.1 Program statements

A statement in a programming language is simuiv @i struction that can be executed. Each
statement can be simple or complex.

Simplex statements:
- Declaration statement: e.g. Dim count as integer
- Assignment statement: e.g. count = count + 1

- Return statement: e.g. return 5

- Call statement: grade (80) @g{? N
- S
Complex (compound) statements: Q§ A\

N7
- If statement x%é/ gg@@

- While-loop statement

- For-loop statement @@ ©

- Case statement éé(@@ Q@/@

\\@ (\n@

3.2 Programming terms
3.21 Variables @D@(ﬁ@

0,
A variable is defined as a sequence of one or ﬁore characters starting with a letter. The
characters which follow can be any letter, digit or the underscore character. Variables stores
changing values of identifiers throughout the execution of a program compared.
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3.2.2 Constants

Constants have the same value throughout the execution of the program.

3.2.3 Identifiers
Identifiers are valid names that represent the data items that the problem or program uses.
E.g. name, num, num7, stud7name.

Different programming languages impose constraints on valid names. For example, identifiers
in Visual Basic cannot be more than 64 characters and must not start with a digit. E.g. 7name
is an invalid identifier and so cannot be used since it starts with a digit.

Example of valid identifiers:
- Name
- Name78
- Num1
- Num 1
- Num1stud2
Example of invalid identifiers:
- 5address
- _number
- $name

- ..num

Generally, an identifier can be a variable, a constant, funciicn name, procedure name etc.
Identifiers in a program code can be represented in an {deniifier table. This will be discussed

in details in the sections which follow.

3.2.4 Comments

They are programmer-readable annotation in the source code of a computer program that
helps programmers understand the code but is usually ignored at run time. «g/)

SN
1 ?@ A\&

3.3 Writing maintainable programs

/)

N\ 74
We need to make use of various techniques when writing pseud&@%%@ help with the
"readability” of the program code or pseudocode. These include: @L @g@

(i) Use of Indentation (;7\\5@ Fo
N

The indentation shows the start and end of conditional sta {8 to help with reading and
understanding the algorithm. Indentation also shows th%tar}gnd end of statements that aré

repeated. > NE
(i)  Use of white space @@

@
The previous pseudocode examples have Ieft%&’%white space above and below the loopP

and conditional structures.
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(i)  Use of Numbering (for pseudocode)

Itis sometimes useful to number the steps of an algorithm. The need for this is more apparent
in more complex algorithms.

(iv)  Use of comments/annotation

Program code should be well commented so that any person can easily go through the code
and make modifications if necessary.

(v) Use of meaningful identifiers

Identifier should have meaningful name so that they are understood at first glance. E.g.
declare a variable as radius instead of r.

(vi) Use standard convention for programming terms

It is a good way of programming to use standard convention for identifiers such as all variable
names start with var followed by the its name, all constant start win cons followed by its name.
E.g. varRadius

3.4 Matching Pseudocode and VB codes

In this section, you are going to have an idez of ths s ianies seiween pseudocode and VB
program code.
3.41 Data types

A computer use different types of data in the operzaticn: of ine sysism.

Database data types VB data types

Numbel‘ | Integer, Single, Double (forﬂoatin'gv" j

point numbers), Long (Int32), Shoﬁ

(Int16), Decimal (for decimal

numbers)

String
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3.4.2 Programming Constructs

Construct In Pseudocode In VB code j
Assignment « - —
Iteration For <variable> = Xto Y For <variable> = XtoY
<instructions> <instructions>
END FOR Next

Iteration Repeat Do
<instructions> <instructions>
Until <condition> Loop Until <condition>

Iteration While <condition> Do While <condition>
<instructions> <instructions>
End While Loop

Selection IF <condition> IF <condition> Then
Then <instructions>
<instructions> End IF
End IF

Selection Case <variable> of ia "‘%se <variable>
<value1> to <valuez> : <uziuel >
<instructions> strictions>
<value3> to <valiied> £ Svaiue2>
<instructions> L cingtructions>
Otherwise Case Eise
<instructions> ! <instructions>
End Case i End Select

3.4.3 Operators

Visual Basic .NET provides a basic set of operators to calculate simple arithmeticg\@ N

Operator

Meaning

B EZ
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3.44 BODMASS

You have probab!y learnt about the order of operations in maths. BODMAS also applies to
computer calculations. This means that when calculating a sum, the program will calculate:

- Brackets

- Order (powers nA2 etc.)
- Division

- Multiplication

- Addition

- Subtraction

3.4.5 Syntax in VB and their meaning

Syntax Meaning
RO L Sl e v P e i ‘ ‘ e
f’biﬁl‘ Varlablé>‘ as .<data typéw‘v"ﬁ‘iﬁj ﬂ”‘l;':“' 'i‘ﬂl"'.,“.mfj L J‘i‘jfwﬁ‘l' i Use'to declare variables!

Const <constant> as <data type> =<constant Use to declare constants
value>

'f‘<variable>.= Console.readline() Use to take and store input from

y ooy {

Console.writeline("<output>") Lee io onilput instructions to user on

SOMEIIE

i B e e R A : i e
'Console.writeline( <variable>) ‘ Use o output the value of the
RO gt L ! Ml variable to useronconsole: . ¢

EBATh
ape|

3.5 Sample illustrations + VB Practical on basic programming

constructs
N A
Example 1: Using pseudocode, write an algorithm that declare a variable ¢ ﬁi/e%ihh initial
value "Fawad" and another variable Pie with initial value 3.142 R 0@57
) \0)
Name " Fawad " @y@@
Pie «— 3.142 Do o ©
Nz
ST
v S
B program code G w?’

Sub main()
Dim name As String ‘ declare variable%’sqglhg Nith keyword

Const pie As Decimal = 3.142 ‘declare ¢ fants using Canst keyword

name = “Fawad" ‘assign value to variable name

End Sub
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Class Activity 18

Write the VB program code that declares two varlables (Mark1 and Mark2) that stores initia
values 40 and 90 respectively.

Example 2: Using pseudocod;.-’v_v;i;an algorithm that calculates the sum of two nwrm
input by a user.

Input num1
Input num2
Print num1 + num2

VB Program code
Sub main()
Dim num1 As Integer
Dim num2 As Integer
Num1= console.ReadLine() ‘take value from user and store in num1
num2 - Console.ReadLine() ‘take value from user and store in num2
Console WriteLine(num1 + num2) ‘adds the two values and output their sum
End Sub

Class Activity 19

Write the VB program code that will alicw & wuar i saloulate volume of a cylinder using
formula. V = pie*radius*radius*height.

Example 3: Using pseudocode, write & &igi i inat (aies a2 mark from a user and output

pass if the mark is above 59.

Input mark

If mark> 59Then

Print "Pass"
End IF g
AN
VB program code Q 0%\
Dim mark As Integer o%? }V@@
console.writeLine(“please enter a mark: ) N aag@
W
mark = console .ReadLine() \? ©¢
If mark > 59 Then I &
. Q% b@
Console. writeLine ("You have passed!") @ ¢
End If @ @@
ZPNC

Class Activity 20 A C§<@0@
Write the VB pr 5 ,
below 60, program code de that takes a marﬁﬁfrom a user and output fail if the mark 1
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Example 4: Using pseudocode, write an algorithm that takes a mark from a user and output
pass if the mark is above 59 and fail if it is below 59

Input mark
If mark> 59 Then
Print "Pass"
Else
Print "fail"
End IF

VB program code

Dim mark As Integer
Console. WriteLine ("please enter a marks”)
mark = Console.ReadLine()
If mark > 59 Then
Console. ' WriteLine (“You have passed! ")
Else

Console. WriteLine (“You have failed!")
End If

Class Activity 21

Write the VB program code that take a tempzraiure from a user and output high if the
temperature is above 40, else output izw.

the age is valid (must be between 0 and 100), if so, print young if the age is below 40 or
print old if the age is above 39

Input age
If age> 0 and age <= 100
If age < 40 Then o (O) D
H " " &\ &
Print "young @@ @}\,
Else %% %57@
Print "old" Qg@ )
QLD
End If @ g ©
SIS
VB Program Code @(@%
Dim age as integer @ @©
Console.WritLine(“Enter an age: ") @

age = Console.Readline() @ L)
If age > 0 And age <= 100 Then %éﬁ
If age < 40 Then
console. WriteLine ("You are young!")
Else
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Console. WriteLine(“You are old! ")

End If

Else
Console. WriteLine (“oh..an alien in the vicinity “)

End If

Class Activity 22

Write the program code that takes a mark from a user. Firstly, it che !
39 and if so, checks if the mark is above 90 and below 101, then print
print "Pass Mark". If the mark is below 40, print "fail mark".

cks that the mark is aboye
"Excellent Mark", else

Example 6: Using pseudocode, write an algorithm (using case ..structure)_that take?a
temperature, print "room temperature " if the temperature is from 1 to 37, prints "extreme
temperatures” if the temperature is from 38 to 100 or print "freezing temperatures” if
temperature is from -15 to a degrees celcius.

Input temperature
Case of temperature
1 to 37: print "room temperature”
38 to 100: print "extreme temperatures”
-15 to O: print "freezing temperatures"
End Case

VB program code
Dim temp As Integer

Dim output As String =

Console. WriteLine (“Enter a temperature: “)

temp = Console.ReadLine() é@
/'\' £
&
Select Case temp @5@ ?/"’?\\}
o (¢ &5
Case -15To 0 %) \\>@§7
%
Output "Freezing temperature!" QQQ@
Case 1 To 37 é&@ {o
i
output "Room temperature!" @ @

case 38 to 100 b
output "Extreme temperatures!" @@@
End select @ >

Console.writeLine (output)
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e the VB program code that displays Grade E when student marks are 0 to 20. Grade D

whe
student marks are 46 to 60, Gra

rit
" n student marks are 21 to 35, Grade C when student marks are 36 to 45, Grade B when
de A when student marks are 60+.

marks a

structure)

Example 7: Using pseudocode, write an algorithm that displays Grade E when student
re 0 to 20, Grade 0 when student marks are 21 to 35, Grade C when student marks
are 36 to 45, Grade B when student marks are 46 to 60, Grade A when student marks are
60+. If students mark are not within these range, print Grade F (use case of ...otherwise

Input grade

Case of grade
0 to 20: Display "Grade E"

21 to 35: Display "Grade D"
36 to 45: Display "Grade C"
46 to 60: Display "Grade "S"
60 +: Display "Grade An
Otherwise:
Display "Grade F"
End Case

VB program code (Sample 1)

' %5 program code (Sample 2)

Dim mark As Integer
Console.WriteLine("Enter a mark: ")
mark = Console. ReadLine()
Select case mark
Case 0 To 20
Console. WriteLine( "Grade E”)
Case 21 To 35
Console. WriteLine( "Grade D”")
Case 36 To 45
Console. WriteLine( "Grade C")
Case 46 To 60
Console. WriteLine( "Grade B”)
Case Is > 60
Console. WriteLine( "Grade A")
Case Else
Console. WriteLine( "Grade F")
End Select

i mark As integer
Jim grade As S.tring
| console.writeLine("Enter a mark: “)
mark = Console.ReadLine()
Select Case mark
Case 0 To 20
Grade = “Grade E”

Case 21 To 35 sig) @%
Grade = Grg@g’@@

Case 36 T0 45 sV 15
Grades: %W ”
Case 461960 ¢
\7 o
é g7\V(§I§»‘O/=@§Grade B”
e ls €40
% els
Qﬁade = “Grade A”
O,

, %5§Q Else

‘%L@ Grade = “Grade F”
E7§elect

Console.writeline(Grade)

b
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Class Activity M

mmmwmmwmmmm:
vy Comment ]
nde Need to work harder
NS Average
N oS Above Average g
8Sto 100 Excellent
Any other mark Wrong entry

Example §

Wirts S program code which asks a user if he or she is single and output the following

Answer Output
Yes You will save a lot of money
No You will go bankrupt soon

Any other answers  Life doesn't look promising

Consoie Writeline{"Are you single. Type yes orno )
answer = Console.Readling])

Select Case answer
Case “yes”
console. WriteLine("You will save a ot 5f mons uture )
Case "no”
Console.WriteLine("You are going 1c b= zamusi soon )
Case else
Console. WriteLine (“life doesn't look promising!”)
End Select §é
Class Activity 25 @ /5 <{/?>

Write the program code for a program where someone types in the nagge pf?h animal and it
outputs the sound the animal makes. The animals it should handk{are

- Pig-Oink IR, /f o

WS S
= Cow - Mo ST

° o O
- Bear - Grr < W@
©r oy
-~ Sheep - Baa @ { ry@
. o %
~ Tiger - Grr 5~ @(C
&

- everything else — Meow
Note: We can also use case structure to select from a specific set of values as shown beloW:
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Dim number As Integer = 8
Select Case number
Case1Tob
Console.WriteLine("Between 1 and 5, inclusive ")
"The following is the only case clause that evaluates to true.
Caseb6,7,8
Console.WriteLine("Between 6 and 8, inclusive ")
Case9To 10
Console.WriteLine("Equal to 9 or 10 ")
Case Else

Console.WriteLine("Not between 1 and 10, inclusive ")
End Select

Example 9: Using pseudocode, write an algorithm (use for ... loop structure) that takes 10
numbers from a user and output their total.

Total =0
ForN=1to 10
Read number

Total = Total + number
Next N

End For
Print Total

VB program code

Dim number, N As Integer
Dim Total As Integer =0
Total =0

ForN=1To 10 &&%
Console.WriteLine("Enter a Number ") 2{@@
number = Console.ReadLine @5@ @@(@

<

Total = Total + number

Next N @@

S
Console.WriteLine("The total of these numbers is: " & To@@@

(‘{o
@
&
& NG

Class Activity 25 @@ ©
©
Wri | o - ber of
rite the program code that that will allow a - to;eriter an employee's name, number o
hours worked rate of pay. It then calculates the efiployees' total pay: total pay = rate of pay *
number of hours worked. Then it output the name and total pay of the employee. Note: If the
Name entered is END, the program ends. The Pseudocode must cater for 50 employees.

¥,
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Note: We can use a special reserved word "Step" when using for loop in VB to increment or
ote:

decrement the count value by a specific amount

# ! file:///C:/Users/Fawad Khan/AppData/|

1
2
(i) Increment value by 1 each time z
For count=1To 10 5
Console.WriteLine(count) 6
7
Next o
9
(i)  Increment value by 2 sach time & file:///C:/Users/Fawad Khan/AppData/L
] crement vaiu 2ACH U

For count =1 To 10 Step 2
Console.WriteLine{count}

Next

ess any key to continue

B fila- [ - -
(i) Increment value by 3 each time & 1 file:///C:/Users/Fawad Khan/AppData/l
For count =1 To 10 Step 3 3];
Console.WriteLine(count) ¥

........ Next 10

B Y file:///Cy Users/Fawad Khan/AppData/l

(iv)  Decrement value by 1 each time
For count =10 To 1 Step -1

Console.WriteLine(count)
Next
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i file:///C:/Users/Fawad Khan/AppData/

(vy  Decrement value by 2 each time
For count = 10 To 1 Step -2

Console.WriteLine(count)

Next

Example 10: Using pseudocode, write an algorithm using nested for loop that ask the user
to enter a value n and draws the following figure if:
n=3 n=4
Input N
Fori=1toN

Forj=1to N

Print "*"without changing line

End For

Change line
End For

VB program code

Dim N As Integer
Console.WriteLine("Enter A value N: ")
N = Console.ReadLine()

Fori=1ToN @@%‘x%
Forj=1ToN @é&% /%%%
Console.Write("") Y &

Next @ &

Console.WriteLine() é§7@ To

Next @Q OQ
® 0
O@ NG

Class Activity 26

OINC
) <&
Write the program code using nested for loop {@Q@éﬁser to enter a value n and draws
its identity matrix.
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E.g. If n= 4, then output
1000
0100
0010

0001
Example 11: Using pseudocode, write an algorithm using repeat ... until structure that adds

up a series of numbers until the total exceeds 100.

Total =0
Repeat
Read number
Total = Total + number
Until Total >100
Print Total

VB program code

Dim total As Integer
Dim number As Integer
total = 0

Do
Console.WriteLine("Enter a number )

number = Console.ReadLine
total = total + number
Loop Until total > 100
Console WriteLine("Total is: " & total)

Class Activity 27

Write the program code using repeat. ..Until structure that will allow a use te o@%nuously
input names of students and print them but stop when a name "End" is &\/ungéx\e‘

Example 12: Using pseudocode, write an algorithm using while, Voo&“sj/mcture that Wl”
allow a user to calculate area of a circle as long as the radlus bemg e:r@red is positive.

Pie = 3.142 @25&

Input radius

While radius > 0
Area = Pie * radius * radius (%‘

Output area @
Input radius

EndWhile
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vB Program Code (Sample 1)
Dim area As Decimal
Const pie As Decimal = 3.142
Dim radius As Integer
Console.WriteLine("Enter a radius ")
radius = Console.ReadLine
While radius > 0
area = pie * radius * radius
Console.WriteLine("Area is " & area)
Console.WriteLine("Enter a radius ")
radius = Console.ReadLine
End While

VB Program Code (Sample 1)
Dim area As Decimal
Const pie As Decimal = 3.142
Dim radius As Integer = 1
While radius > 0
Console.WriteLine("Enter a racius "
radius = Console.ReadLine
area = pie * radius * radius
Console.WriteLine("Area is " & area)

End While

Note: radius has been given the initial value 1 simply so that the loop is executed. The radius
is then overwritten by the value input by the user. We can use do while loop also
instead 0 while ... end while as shown below

SO

Dim area As Decimal &S\\K%%@
Const pie As Decimal = 3.142 x%
Dim radius As Integer = 1
Do While radius > 0 LTS
Console.WriteLine("Enter a radius ") @$7@2§/}

radius = Console.ReadLine %

area = pie * radius * radius
e

Console.WriteLine("Area is " & area) @

Loop @Q @&
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Class Activity 28

Write an algorithm that will rea

d an item name and display it as long as the total number of

item is not equal to 100.

3.6
1.

10.
11.

Further exercises on VB basic programming constructs

will accept the name, math mark, English mark and French

Write the program code that
e of the three marks, and output the

mark of 50 students, calculates the sum, averag
average of each student together with their name.

Write a program in VB that accept 10 marks and output its average.

Write the program code that counts the number of even and odd numbers when 20

numbers are input.

(@)  Write a VB program with For ... Do loop structure to input 15 different values

for radius and calculate the area of circle in each case.

(b) Modify the program so that whenever a value less than or equal to O is entered
for radius, the computer displays a message saying that "Error! Radius must

be greater than 0"
Write the program code that accepts 10 temperature -gading in Celsius, calculate and

output the temperatures then in Fahrenheit. (Fahmenhet = 32 + 9/5 11 Celcius)
Write a program in VB that outputs the smaliest wwruaxi number when 10 numbers
are input.

Write the program code to print the even aumber from O until 26.

Write a program in VB that calculates the average of 2 numbers using for loop.
Write a program in VB that calculates the average of 3 numbers using while loop.
Write the program code that solves a simultaneous equation.

Write a program to calculate the estimated journey time of a train. The program should
re_aquest and re.ad the distance in miles and the average speed in miles per ))QUF. and
display the estimated journey time in hours and minutes to the nearest migméé‘k%

RO
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Unit-4: Structure program development

structured programming Is a method of writing computer programs that use
- Top-down analysis for problem solving
- Modularization for a program structure and organisation and

- Structured code for individual modules

The full explanation of these three ideas is illustrated in the sections which follow.

Case study:
We need to find the area of a 'house' made up from a square and a triangle as shown below:

To do so:
- Firstly, we work out the area of the friangle
Secondly, we work out the area cf the 5c.:273
Finally, we add the two areas to obian fn2 area of the house
Thus, as you can deduce, we had our main problem as finding the area of a house. To do so,
we broke our main problem in 3 sub-problems. trat is. the 1 sub-problem was to work out the
oy the area of the square and 3rd sub

area of the triangle, the 2™ sub-problem was ¢ work cut the
problem was to add the result from the 1st and 2nd sub-prebiems. This approach is known as

top down approach.

dopted when writing computer programs. Before writing the program,

This approach is also a
m so that we can caref(ul\lik lah, how
0) &

we need to have a thorough understanding of the proble

to solve it. N

sign or stepwise refinement
V4
e \gi%}or)oblem is divided up

41 Modular/top down approachide
Modular approach is an approach to problem solving wher h\g/ a
into a number of smaller problems known as modules which.at 06% manageable. Each of

dudk lutiéhé are combined to give a

the smaller problems is solved separately. The indivi
solution to the whole problem. @ ﬁb@
?) . .
In general, top down stepwise refinement help a p@&Z}n ﬁﬁk through an algorithm by doing
&

the following: @

Start with the initial problem staterig

Break it into a few general steps
and break it further into more detailed steps

T alemn ~nnnh "el‘nn"
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Keep repeating the process on each "step", until you get a breakdown that is
pretty specific, and can be written more or less in pseudocode

Translate the pseudocode into program code

Stepwise refinement for making tea:

Original algorithm

1.

1.

Make tea
1.1.  Boil Water
1.2.  Puttea leaves
1.3.  Put milk and sugar
First Refinement
Make tea
1.1. Boil Water
1.1.1. Put water in recipient

Note: Refinement means replacing existing steps/insiructions with
more details. There can be a 2nd refinement, 3rd r
to add more details. Stepwise refinement may diff
you want to include in it. However, the more details it contains, t

1.2.

1.3.

1.1.2. Putgason
Put tea leaves

1.2.1. Get tea leaves from cupboard

1.2.2. Tear tea bag
Put milk and sugar
1.3.1. Get milk from milk tut

1.3.2. Get sugar from sugar it

to write the program code.

Class Activity 29
Do the stepwise refinement for doing your homework at home
E
xample 2 2‘%2
Stepwise refinement for brushing the teeth: ° 3
Original algorithm \@
P O P
1. Brush Teeth @ @
@ &
. @
1.1. Find toothbrush @ o
1.2, Find toothpaste tube @
1.3.  Open toothpaste tube
1.4.

Squeeze tube onto toothbrush

' @ new version that fills in

efinement and so forth if you want
er depending on how much details

he easier. Jf\\bQ omes

(L) %
\
><>

NG o
\@U

50
\9

e
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1.56. Clean teeth

Unit-4: Structure Program Development

1.6.  Clean up
First Refinement
1. Brush Teeth
1.1, Find toothbrush
1.2, Find toothpaste tube
1.3. Open toothpaste tube

1.4.
1.5.

1.6.

1.3.1. Put thumb and pointer finger on cap
1.3.2. Tum fingers counter-clockwise
1.3.3. Repeat prior step until cap falls off
Squeeze tube onto toothbrush

Clean teeth

1.5.1. Put brush on teeth

1.5.2. Move back and forth vigorously
1.5.3. Repeat above step 100 times
Clean up

1.6.1. Rinse brush

1.6.2. Put cap back on toothpaste

Second Refinement

1.

Brush Teeth
1.1.  Find toothbrust:
1.2.  Find toothpaste tuse
1.3.  Open toothpaste tube
1.3.1. Put thumb and pointer finger on cap
1.3.2. Turn fingers counter-clockwise
1.3.3. Repeat prior step until cap falls off 2
1.4. Squeeze tube onto toothbrush ‘{Z§@ §
1.5. Clean teeth é@ /@‘\
1.5.1. Put brush on teeth @"% @7@9
1.56.2. Move back and forth vigorously ) @@
1.6.3. Repeat above step 100 times é@y@ &@
1.6. Clean up @Q
1.6.1. Rinse brush
1.6.1.1. Place h g rtap
1.6.1.2. Id toothbrush for 30 seconds

1.6.1.3.
1.6.2. Put cap back on toothpaste
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Class Activity
Do the stepwise refinement for taking your breakfast (show up to 3 levels)
Example 3
Stepwise refinement for calculating area of a circle:
1. Area of circle
1.1.  Input radius
1.2.  Calculate area

1.3.  Output area

Class activity 30

Do the stepwise refinement for calculating the volume of a cylinder
Example 4

Stepwise refinement for calculating the wages for an hourly paid worker:

Original algorithm

1. Calculate Wages
1.1.  Input number of hours
1.2.  Calculate gross pay
1.3.  Calculate deductions
1.4. Calculate net pay
1.5.  Output wage slip

1st Refinement

1. Calculate Wages

1.1.  Input number of hours
1.2. Calculate gross pay <’ \5\%
N
1.2.1. Calculate normal wages Q}%O@
1.2.2. Calculate overtime @;> 2?
: 0) b
1.3.  Calculate deductions \2@ J?\@

1.3.1. Calculate tax 2,

14.  Calculate net pay @@
1.5.  Output wage slip C%z_S) @©
»

Class Activity 31 @O

Do the stepwise refinement for calculating the avéﬁage mark of a student in 3 tests.

4_‘
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4.1.1

—

4.2

Advantages of top-down design
Modules are more manageable since complex problems are made simple to solve.

More than one person can be engaged on solving parts of the same problem
simultaneously. Different people are good at different things.

The person producing a module is likely to make fewer mistakes compare to trying to
solve a complex problem as a whole and also the module algorithms are much shorter
than for the whole problem

It is also much easier to test the program code and eliminate errors.

Modules can be used in more than one project which requires similar solutions.
Software developers store the modules that they have produced so that they can be
used again if the opportunity arises. Collections of modules like this are known as
software or program libraries. (Do not re-invent the wheel!)

Top down design/Structure/Jackson diagram

A diagram can be used to show the top down/stepwise/modular approach.

The figure below depicts such a diagram:

Original Problem

I S

Enter car hire detaile

Individual problem

Enter car details

I 1 [ Np—
Input car's Inpul hire rates Enter hirer Enter car i E Enter paymant ’
identification delails
J L Final (program) Level

Description: | O@, $ @
- It starts with the original problem at the highest level. 12§§ : %%
Oy &
- The next, and subsequent, levels show how the problems in the(%é’\%iogsjl/évels are
split up to form smaller, more manageable problems. N \&)

Note:

This continues until each of the blocks in the lowest level i@ se'\lfgégntained, easily
solvable problem.

@D o
R | |
These individual problems can then be solved and@%@ d according to the links

that have been used. S
If the links between the blocks are used corr&}t}/, 2, result is a solution to the original
problem. QO L

For the examples below, the diagrams r fefto the stepwise refinements covered in
previous section. The diagrams are read from top to bottom, left to right. Th_ese are
only simple Jackson diagram with sequence statements. In Paper 4, Jackson diagrams
are covered in detailed that include selection and iteration statement as well.
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Example 1
Structure diagram for making tea:

Make Tea

I

Put milk &

Put tea

Boil Water
Leaves

. ¥ Getsugar
g Getmilk from | @& . sugar

Get tea
leaves

Put water in
recipient

Put gas on

milk tub tub

Class activity 32
Draw the top down design diagram for Example 2 in the previcus section Stepwise refinement.

Example 2
Structure diagram for calculating wage of an houriy-paid woiker

Calculate

Wages

Input number Calculate Calculate Output wage
of hours gross pay deductions slip
| o
@ A9
1%.
Calculate Calculate Calculate tax @@@

normal wages overtime

These designs (modular design using numbered stg&/rn qu.rand structure diagrams) can bé

implemented as subroutines. Q@ d
@
@éﬁ |

Class Activity 33
Draw the top down design diagram for Example 3 in the previous section Stepwise refinement.
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Example 3
A perso'n is designing a software solution for stock control in a mobile phone shop. He
modularises the solution by splitting into 4 main areas: Initialisation, PhoneSales,

StockOrdering, SalesReport.

- PhoneSales is made up of two modules, ShopSales and OnlineSales

StockOrdering is made up of two modules, PlaceOrder and ReceiveGoods
- SalesReport is made up of two modules, MonthlySalesReport and
AnnualSalesReport

This can be represented on a structure diagram as follows:

Stock Control

| SalesReport

“ MonthlySales AnnualSales
’ Report Report

Class Activity 34

Fawad works for a software house which has been asked to design software for a car hire

company, ExtremeCars.
Fawad decides on the main tasks: @@@
— enter car details @
— input the car's identification details o é@ 0@@)
_ input the hire rates for that car @y@@@
— enter car hire details for ;@7@ <€Q@

—  hirer @@@y
- car ) %@

— payment
g or 65
Draw the structure diagram to represent the des! hofthe software.
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Further exercises on functions

NI
and procegures
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Unit-5: Subroutines

stepwise refinement and structure diagrams lead to a design from which the programmer can
write modular code. Each module is a solution to an individual problem. The figure below

depicts different modules in a top down design diagram.

Average of
Two Numbers

Output

Get Numbers Answer

Calculate
Average

Caiculate
Lupm

Q’*—-—m.ﬂ,ﬂ R ———

Get Numberl Get Number2 |

Each of these modules can be written using a subrouting. A suoroutine

is a self-contained block of code that has an identifier name which must follow
the same rules as for variables

- performs a task and is a program in its own right
- can be either procedures or functions

Subroutines are used to split a problem into simpler tasks in order to solve a complex problem.
Instead of re-writing codes again and again, sub-routines can be used. <<\@ @

Advantages of sub-routines: 9
~ Allows for code-reuse %@@ S

S

©

- Easily incorporate other peoples code (share c%@ wi@,other programs)

N
- Allows for independent test of the rest of th@%@@@

_%@x:@

- Allows structuring of programs

5.1 Procedure

Ly s
A procedure is a block of code that can receive\%@% from another program and can return
none, one or many values back to that program.
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Pseudocode structure for procedure:

PROCEDURE <identifier>
<Statements>
ENDPROCEDURE

Representing a procedure in VB:
Sub procoutput()

Console.WriteLine("Hello, | am in a procedure ")
End Sub

Description:

- Sub indicates that this is a procedure

ProcOutput is the procedure name

In short, a procedure is a block of

program code statements designed i
task.

Ly out a definable

5.2 Function

A function is given an identifier name

can also receive values from anothe
program.

(that can be defined as variable or

canstant etc.) and
r program but returns only one v

alue to the calling

Pseudocode procedure for function that has:

(1) No parameters

FUNCTION <identifier> RETURNS <datatype>

N
<statement> | - %%
END FUNCTION @@ @éﬁ}
o O@
Representing a function with no parameters in VB: @ ©
Function FuncUserNum() As Integer ‘RQ &

%
3§0§
Console.WriteLine(“Enter a number ") ®<€@

Dim varEnterNum = Console.ReadLine % NS
Return varEnterNum @

End Function
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Description:

— Function indicates this is a function
— FuncUserNum is the function name/identifier

— The function returns a value of type Integer

(2) One or more parameters

FUNCTION <identifier> «identifier> : <data type» RETURNS <data type>
<Statement>
ENDFUNCTION

Representing a function with parameters in VB:

Function funcArea(ByVal radius As Double) As Double
Return 3.142 * radius * radius

End Function

Description:
— Function indicates this is a function

—  EuncArea is the function namelidentifier

— radius is the parameter

—  The function returns a value of type double

@

In short, a function is a block of program code statements that returns a si é val ﬁ to the

program that called it. @
Note: When to use function or procedure? @ y@@

Using function
In general if a single value is to be calculated, ﬂ@f pl@ technlque is to code a

function. ) D
Using procedure @
If there are no values to be returned, th€%7 ‘ocedure should be used.

— |f more than one value is to be returned, a procedure must be used.




Computer Sclence P-2 53 Unit-5: Subroutines

5.3 Parameters and local and global variables

5.3.1 Module

Stepwise refinement leads to a design, from which the programmer can write modular code.
- Each module is a solution to an individual problem

- Each module has to interface with other modules.

- As long as the interfaces are clearly specified, each module could be given to
a different programmer to code.

Interaction between modules

The programmers need to know their problem and how its solution must communicate with
the other modules that make up the overall design. The programmers need to pass values to
other modules and be able to accept values from other modules.

5.3.2 Passing parameters
Data can be input to a module (be it a function or a procedure) by means of parameters.

Example of a function in VB: Function to finds the perimeter of a rectangle given its
length and breadth

Function FuncPeri(ByVal X As Integer, ByVal ¥ As lnteger; Az Integer
X=X*2
y=Y*2
FuncPeri = X + y 'or use return X + Y

End Function

In this function, X and Yare integers, the values of which are passed to the function before it
can find the perimeter of the rectangle. The variables X and Yare called formal parameters

or parameters. /{\/é) ,
Notice that the function follows the rules for any function: g&§~ %%N
(IR
— It has an identifier name, FuncPeri. N ¢ §@>

- It requires two parameters of the stated data type, iqt@@ _&%@
- Its definition says it will return a value (an integer), X

)N ©

. (D B

- It returns a single integer value to the calling program;yariable, varPerimeter,
shown below. Q$ S ¢

To use this function, the program calls it and specifie @\@gps forXand .
) ()
This can be done by means of a statement of the g/ I W'ng@orms:
7, @‘

Dim VarPerimeter As Integer @ éﬁ
VarPerimeter = FuncPeri(2, 3) Q

In this statement that calls the function, the data values (i.e. 2, 3) inside the brackets are called
actual parameters or arguments. _A
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The whole program can be defined as follows:

Sub Main()
Dim VarPerimeter As Integer ' local variable in the main program
VarPerimeter = FuncPeri(2, 3) ' VarPerimeter stores the value returned by FuncPeri
Console.WriteLine("When length = 2 and breadth = 3 , the perimeter is " & VarPerimeter)
Console.ReadLine() ' prevents the console from closing

End Sub

Function FuncPeri(ByVal X As Integer, ByVal Y As Integer) As Integer
X=X*2
y=Y*2
FuncPeri = X + y 'oruse return X + Y

End Function

The output is as follows:

B ' file:///C:/Users/Fawad Khan/AppDatasicosl Ternporary Projects/Consol

When length = 2 and bread rimeter is 10

5.3.3 Parameters V/S Arguments
When passing values between a main program and a subroutine, the values must be given

variable names:
When the main program calls a subroutine or a function, the values being
passed to the subroutine or functions are called arguments.

Sub Main() «\@/\
Dim num1, num2, sum As Integer ﬁ}QQ)%\@\
num1 =3 og(g;\ @%@
num2 = 3 @\@@o
sum = funcsumNum(num1, num2) @@ @@2
Console WriteLine("The sum is " & sum) ;‘\\3@ éo
Console.ReadLine() \Qy@% jﬁy

End Sub &% ©

— In the subroutine or function defined, the val(g%ar?%%ed parameters.

o,

Function funcsumNum(ByVal a As Integer, By\(agﬂ"i\g‘r teger) As Integer
N, @
Returna + b Q
End Function
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Example illustrating arguments and parameters

elow shows the product of two numbers

The structure diagram b

Product

puuulnxmu.gaun

BT L 4 AV P
AN AV TVl ’.'c‘.ﬂ. G o,

Multiply the

Show
numbers

! instructions | @ numbers

The coded solution for the main program can be:

Sub Main()
Dim num1, num2 As Double

Dim product As Double
Console.WriteLine("This program calculates
num1 = 5.5
num2 = 4.0

’ product = num1* num2

the product of two number ")

Console WriteLine("The product of " & numi & " and & aaml & 7 s 7 & product)

End Sub

A procedure could be written to indicate the user the purpose of the program.

Sub explainPurposeofProgram()
Console WriteLine("This program calculates the product of two numbers ")

End Sub

Sub Main() é@ )
Dim num1, num2 As Double 2§9§ §
Dim product As Double > /g}i}
explainPurposeofProgram() N4
Console.WriteLine("This program calculates the product of twg nﬁx@ﬁ&g’?
num1=5.5 /\3 ] @)2

num2 = 4.0 é§7 &'Qo

product = num1 * num2 @ @

Console.WriteLine("The " |

product of " & num1 & “Sand &7 "is"
o Sgﬁéi@%g’ﬁumz &"is " & product)
A - 2
nother procedure could be written to outp/@g{\)éfy%mbers and their product

Sub explainPurposeofProgram() |

Co e

nsole.WriteLine("This program calculates the product of two numbers ")

End Sub
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Sub OutputResult(ByVal FirstNumber As Double, ByVal SecondNumber As Double, ByVal
result As Double)

Console.WriteLine("The product of " & FirstNumber & " and " & SecondNumber & " is " &
result)

End Sub

Sub Main()
Dim num1, num2 As Double
Dim product As Double
explainPurposeofProgram()

Console.WriteLine("This program calculates the product of two number ")
numi1 =55

num2 =4.0
product = num1 * num2

OutputResult(num1, num2, product)
End Sub

Comments on the above program code:

The computer matches the arguments in line 1§ fo the parameters in line 25.

Procedure arguments

The statement that
OutputResult(hum1, num2, product) «——  calls the procedure

Sub OutputResult(ByVal FirstNumber, ByVal SecondNumber, ByVal result)

N

%
Procedure arguments Procedure arguments §%

5D
N

(4

32 2y ;
?a@?gles FirstNumber, }

The values of Num1, Num2 and Product are passed to \é/ &)V,
SecondNumber and Result, respectively. This is called passin‘%ﬁ valie.

Passing parameters by value

Memory for main %@ @@

@
Program %emory for procedure
2

Num1 > Values @@ FirstNumber
Num2 > Copied Q - SecondNumber
product - across > Result
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The memory for the main program can only be accessed by the main program (not by the
procedure). Similarly, the memory for the procedure can only be accessed by the procedyrg
(not by the main program).

Note: In VB, the syntax ByVal is put in front of the parameters to show passing parameterg
by value.

(i) Parameter passed by value

If a parameter is passed by value, the actual value is passed and the original value is retained
when the subroutine is finished

Pseudocode representation of parameter passed by value for procedure:

PROCEDURE <identifier> (BYVALUE<identifier> : <data type>
<Statement>

END PROCEDURE

Note: A call is made to the procedure using CALL <identifier> ()
Example

This example illustrates that when parameters are passed by value, there is no change to
original variable value in call by value whatever changes are made o local variable copy.

A Perimeter function with name FuncPeriVal is define:l Deiow

'Perimeter Function

Function FuncPeri(ByVal X As Integer, ByVal Y As Integer) As Intager
X=X*2
y=Y*2
FuncPeri = X +y 'or use return X + Y

End Function @

% o
Notice that we have to use the ByVal keyword (highlighted above) to pass @%@? and
Y by value in VB. > {%

A program variable (highlighted below) is VarPerimeter calls the funct'g(rﬁ%@%rwal:
&

P

Sub Main() &Q Zo
Dim varPerimeter, num1, num2 As Integer @Q%
num1 =4 Q@@
num2 = 6 0@ "

» . /)
Console.WriteLine("The intial value of nun/%}gjé@ num1)
o

Console.WriteLine("The intial value of num2 i3 " & numz2)
varPerimeter = FunPerival(num1, numz2)
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Console.WriteLine("parameter is " & varPerimeter)
Console.WriteLine("The final value of num1 is " & num1)
Console.WriteLine("The final value of num2 is " & num2)

End Sub

In this example of calling the Perimeter function FuncPeriVal, actual values (4 from num1 and
6 from num2) are passed to the function and stored in the variables Xand.

The output is as follows: ,
® | file:///C:/Users/Fawad Khan/AppData/Local/T

Notice the initial value of num1 and
num2 is the same when passing
parameters by value. They have not
changed even though they have been [ClECUESS is 20

manipulated in  the  subroutine The ﬁ.nal value of numl is 4
VarPerimeter. This is called passing ~taina. lue of num2 is &
parameters by value. -

The intial value of numl is 4
The intial value of num2 1is 6

(ii) Perimeter passed by reference/address
If a parameter is passed by reference. ihe aiiress of Ui ValIEs is passed and any change to
: original value.

the value of the parameter in: the subrouiing cnznges he

Pseudocode representation of parameter passed by reference for procedure:

PROCEDURE <identifier> (BYREF<identifier> : <data type>

<Statement>
ENDPROCEDURE

. AL <t N
Note: A call is made to the procedure using CALL <identifier> 0 ¥§Z§O) ®
Example i 0 @@
This example illustrates that when a parameter is passed by referene@i%“@ohange to local
variable in call by reference changes original variable value. \> 45})2

A Perimeter function with name FuncPeriVal is defined be Qﬁ@ @o
@Q‘%
N %@
Function FunPerival(ByVal x As Integer, ByVal y @ ;ﬂ
x=x*2 dg
y=y*2 %
Return (x +y)

L_ End Function

'Perimeter Function
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Notice that we have to use the ByRef keyword (highlighted above) to pass parameter X and

Y by reference in VB.

A program variable (highlighted below) is varPerimeter calls the function FuncPeriRef:

Sub Main()
Dim varPerimeter, num1, num?2 As Integer

numil =4
num2 =6

Console.WriteLine("The intial value of num1 is " & num1)

Console.WriteLine("The intial value of num2is " & num2)

varPerimeter = FunPerival(num1, num2)
Console.WriteLine("parameter is " & varPerimeter)
Console.WriteLine("The final value of nu

Console.WriteLine("The final value of num

m1 is " & num1)

2is " & nume)

Console.ReadLine()

End Sub

In this example of calling the Perimeter function FuncPeriRst, he addresses of num1 and
es numi and numz2 are passed

num?2 are passed to the function, i.e., references to the vaiu
to go and get the values

and the function then has

® 1 file:///C:/Users/Fawad Khan/AppData/Local/Te

The intial value of numl is 4

The intial value of num2 is 6
The output is as follows: param?ter is 26 :

The final value of numl 1is 8

The final value of num2 is 12

/ s
N
4 _,é’ [%5)

ch:tice the initial value of num1 and num2 is not the same when gé@‘ﬁng parameters bY
:Ieeren_ce. The values were changed after they have be “hanigdlated in the subroutin®
arPerimeter. This is called passing parameters by refere’n%é @Q&B

© .9
<3§§§%%§§2
o

Variables can have different values in different parts of the program

Q

5.3.4 Local and global variables

1. Scope of variables

Case 1: Using the same variable name in main program and functions
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lﬂ Module ModvVarS8cope

(1 Sub Main ()

Dim a As Integer

a = 2

Console. WriteLina(”value of a in main program” & a)
ProcOutput ()

Console,ReadLine
End Sub

1) Sub ProcOutput ()
Dim a As Integer
a = 3
Console.WriteLine (”"Value of a in sub procedure” & a)
End Sub
End Module

The output when the above program is run is _ L
shown below: B file:///C:/Users/Fawad Khan/AppData/Local/Te

Value of a in main program 2

Value of a in Sub procedure 3

Notice that "a" is a local variable and the "a"
used in ProcOutput is a reference to a
different address from the address referenced by "an in the main program. Local variables
only exist in the block in which they are declared. So the two variables called "a" that are
declared in two different parts of an algorithm are two entirely separaie variables.

Advantage of this approach:

« This is very helpful as it means that programmers wr it sfterant routines do not

have to worry about the names of variables used by giher programmers,

Case 2: Using a variable declared as global

In Visual Basic 10, a variable is made global by declaring it after the module identifier name

but before the main procedure as shown below: @
"a" i de, it becomes: EQION
If we make "a" global in the example co - L‘%@—)«\S\\\\\

FModule Modulel
Dim a As Integer 'can also use public a as interger

- 8ub Main()

7 h-z

Console.WriteLine("Value of a in main program " & a)
ProcOutput ()

Console.ReadLine()

s End Sub

) Sub Procoutput ()
Consolo.WriteLine ("Value of aa in aub proceduro " & a)

a = ) *' value a was intially 2 and is replaced with value 3
Consola.WriteLine("Value of a in Sub procedure after assignment " & a)

t End Sub
End Module e U

- gy
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The output when the above program code is run is shown bedon.

Al s

. g Py { L L g / [Tger 2 PO
B file /1]/C:J Joore [t anal Chian[Fqg )a8) (/5] VETTRS S 2 J 7

Observation:
- The value of C, when changed in the function Perimeter, 5 2le0 Changed in
the calling routine. In fact, t iz changed throughout the program.

Advantage of this approach:

- Sometimes # is useful 1o be ztie to use the same varizble in many paris of 2
program.

5.4 Samples illustrations + VB practical on procedures, function,
parameter (known as formal parameters) and arguments
(known as actual parameters)

Example 1
Below is a program that declares z varizbie Nzme w7 7 = % ~uzn “nzn and ancther
variable Pie with initizl value 2.142
Sub Main()

Dim name Ag String

Const pie Az Decimal = 2.142

name = "Fawad Khan”

End Sub
Question - Write a procedure to output the name. The solution iz shown below: 7%
Sub Main() SN
AT N
P s AN
Dim name As String 7 72
(& //7/ 4
Const pie As Decimal = 3,142 LA A
" 4,////
{ T
name = "Fawad Khan” ) 2
R
proOutName(name) ‘ (‘5,'/, P
Y P s //\/
End Sub S

‘ 2,1
///(/// /'{///;
o
////// 7t //

‘0,

/

8ub proOutName(ByVal paraname As String)
Console WriteLine(paraname)
End Sub

Note: You can algo use the syntax: Call proOutName (name) to call the procedure
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Below is a VB program code that de '
clares two variables (Mark1 and Mark2) th initi
values 40 and 90 respoctively, ( ) that stores initial

Sub Main()
Dim mark1, mark2 As Integer
mark1 = 40
mark2 = 90
End Sub

Write a procedure to output the two marks.
Example 2

Below is a program that calculates the sum of two numbers input by a user.

Sub Main()
Dim num1, num2 As Integer
num1 = Console.ReadLine
num2 = Console.ReadLine
Console.WriteLine(num1 + num2)

End Sub

Question - Write a function that calculates the sum of the two numbers and returns to the main
program where it is output. The solution is shown below:

Sub Main()
Dim numl, numZ As Integer
Dim total As Integer
numl = Console.Readline
num? = Console.ReadLine
total = funcGetSum (numl, num2)

End sub -
Function funcGetsum(Byval paranuml As Integer, ByVal paranum2 As Integer)

Return paranuml + paranum2
S
@ @Q
¢

End Function
Class Activity 36 ( %
Below is the VB program code that will allow a usé@@ulate volume of a cylinder using
formula. V = pie*radius*radius*height. @ (5$
Q @
Sub Main()
Dim radius As Double

Dim heiaht As Double
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Dim volume As Double

Const pie As Double = 3.142

radius = Console.ReadLine

height = Console.ReadLine

volume = pie * radius * radius * height
Console.WriteLine(volume)

End Sub

Write a function that calculates the volume and returns it to the main program for output.

Example 3

Below is a main program that takes a mark from a user and output pass if the mark is above
59.

Dim mark As Integer
Console.WriteLine("Please enter a mark ")
mark = Console.ReadLine
If mark > 59 Then

Console.WriteLine("You have passed ")
End If

Question -Write (i) a function that check if the mark is above 39 zna rettin "pass” to the main
program if so. (i) a procedure to print the value return from the functicn. Tne solution is shown
below:

Sub Main ()
Dim mark As Integer
Dim comment As String
Console.WritelLine ("Please enter a mark ")
mark = Console.Readline
comment = FunccheckPass (mark)
Call ProOutComment {comment )
Fnd Sub o o
Function FunccheckPass (ByVal paramarks As Integer) As String
Dim checkpass Aa 5tring = "Not Paaa"
If paramarks > 39 Then

checkpass = "pasa”
End If

Return checkpass
End Function i
Sub ProOutComment (ByVal paracomment As String)

Console.Wr
End Sub iteLine (paracomment)

v
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Class Activity 37

Below is @ main program that takes a mark from a user and output fail if the mark is below 60
Dim mark As Integer

Console.WriteLine("Please enter a mark ")
mark = Console.ReadLine
If mark < 60 Then

Console.WriteLine("you have failed ")
End If

Write (i) A function that check if the mark is below 40 and return "fail" to the main
program if so.

(ii) A procedure to print the value return from the function.
Example 4

Below is a program that displays the square of each element in an array.
Dim Arraylnput() = {1, 2, 3}
Fori=0To 2

Console.WriteLine(Arraylnput(i) * 2)
Next

Question - Write a function that takes as parameter the array int {ne main program and returns
another array containing the square of each element of the array taken as parameter.

Solution:

Sub Main{()
Dim ArrayInput() As Integer = {1, 2, 3}
Dim ArrayCutput(2} As Integer
Arrayoutput = funRetArray (ArrayInput)
For 1 = 0 To 2
console.WriteLine (Arrayoutput(i))
Next
End s1lb - FE—————————ER e - .
Function funRetArray(ByVal arrayIn() As Integer) As Integer ()
Dim arrayFill(2) As Integer
For 1 = 0 To 2
arrayFill (i) = arrayIn{i) * 2
Next
Return arrayFill
End Function]

X,

Question - Write a procedure to output the values of the array returned by the function.
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Solution:

Sub Main()
Dim ArrayInput() A3 Integer = (1, 2, 31
i Dim ArrayOutput(Zb As Integer
| Arrayoutput = funRetArray (ArrayInput)
ProPrintArrayval(ArrayOutput)
console.ReadKey ()
End Sub e ———————————— v
Function funretArray (Byval arrayIn() As Integer} As Integer()
pim arrayFill(2) As Integer
For i = 0 To 2 |
arrayFill{i) = arrayIn{i) * 2
Next
Return arrayFill

End Function
Sub ProPrintArrayVal (ByVal arrayout ()

For i = 0 To 2
console.WriteLine(arra yout (1)}
Next
End Sub

As Integer)

’ Class Activity 38:

Write a function that returns the cube of each element of
write a procedure to output the values of the returned array.

the arvay 0 e main program. Then,

5.5 Further exercises on functions and procedures

Below is a program that takes an age from a user, first check if the age is valid (must

w 1.
rint young if the age is below 40 or print old if the age is above

be between 0 and 100), if so, p
39.

Dim age As Integer
2

Console.WriteLine("Enter an age ") ) @Q N
age = Console.ReadLine }@s@:§
If age > 0 And age <= 100 Then YO)%%@V)O@

If age < 40 Then @@@g&}&)@

Console.WriteLine("You are young ") é@@ q
By

Else

Console.WrlteLine("You are old ") &é @Q

End If g 0@
Else | @(é@%@

C 1 H [}
onsole.WriteLine("Oh.... an alien in the vicinity....")
End If



Computer Science P-2 66 Unit-5: Subroutines

End Sub

(i) Write a function that checks if the age is greater than 0 and less than 100, and return
the appropriate comment to the main program.

(ii) Write a procedure to output the comment returned by the function in part (i)

2 Below is a program that takes a temperature, print "room temperature” if the
temperature is from 1 to 37, prints "extreme temperatures" if the temperature is from 38 to 100
t\ or print "freezing temperatures" if temperature is from -15 to 0 degrees Celsius.

Dim temp As Integer
Console.WriteLine("Enter a Temperature ")
temp = Console.ReadLine
Select Case temp
~ Case-15To 0
Console.WriteLine("Freeszing temperature ")
Case 1 To 37
Console.WriteLine("Room Temperature ")
Case 38 To 100

Console.WriteLine("Extreme temperature "}

End Select

()] Write a function that takes the temperature from the user as parameter and return the
comment for the type of temperature to the main program.

(ii) Write a procedure to output the comment returned by the function in part (i)

:Is; 3. Below is a program that takes 10 numbers from a user and output their total.
Dim number As Integer
Dim total As Integer «\@%
total = 0 @g} %@%
For count =1 To 10 &&g@@})
Console.WriteLine("Enter a Number ") Qb@ @y
number = Console.ReadLine @ @é?

total = total + number @é@ig i
Next @
N

Console WriteLine("The total of these numbery\' @\i‘n a
©
B,

(/
(i) Write a function for the For Loop which%%u\[gzéﬁlrn the total to the main program!

(i)  Write a procedure to output the total returned by the function in part (i)
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4, Below is a program that will allow a user to calculate area of a circle as long as the
radius being entered is positive.

Dim area As Decimal

Const pie As Decimal = 3.142

Dim radius As Integer = 1

While radius > 0
Console.WriteLine("Enter a radius ")
radius = Console.ReadLine
area = pie * radius * radius
Console.WriteLine("Area is " & area)

End While

(M) Write a function for the while loop which will return the area to the main program!

(i) Write a procedure to output the area returned by the function in part (i)

Can we create a function in VB 10 that returns more than one values?
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Unit-6: Structure Chart

A structure chart in software engineering is a chart which shows the breakdown of a system

to its lowest manageable parts. It represents a top-down design where a problem (the
program) is broken into its components.

6.1 Symbols used in structure chart

Symbol Name Meaning
Each Box represents a
programming  module, this
; Module Process might be
3 Process something that
Module Name Name calculates the average of
some figures, or prints out some
v pay slips ;
Data being passed from module
O——> Data Couple to module that needs to be
processed.
b syt Chaeck daia sent to process to
| stnz o siat processes. For
L examnl v that an End of a
.———> Flag ~zd, or to say
aant was in the
d SOITET
Sample structure chart:
Generate
Payroll

Oy 3 IM
Get Payroll Calculate Print
Record Net Pay Check
AN @S@\ /@C)\
PF;?/?dll V:;':rztlf Calculate || Calculate E%‘ﬁ:;e }@@jy‘
0 . ee 2,
Record Record Gross Pay |Peductions Reiord ®)
Gross 7 <
L $ of
oy Aum r:%" ) @Q
Calculate AZ Calculate
Tax @] ss
Witheld h@ | Witheld

The figure above depicts the symbol set used for structure charts.

| S—_—
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Description of sample structure chart:
cted by named rectangles. Modules are factored, frop,

—  Structure chart modules are depi
The highest level module is referred to as the syste,

the top down, into sub-modules.
or root module. It serves to coordinate or "boss" the modules appearing directly

beneath it. In turn, those modules may serve to coordinate those modules appearing

immediately below them.
-to-bottom, Ieft-to—right

Structure chart modules are presumed to execute in a top
sequence. The line connecting two modules represents a normal call. For example
J

SYSTEM MODULE calls MODULE B.
— An arc shaped arrow located across a line (representing a module call) means that the
module makes iterative calls. Thus, SYSTEM MODULE calls MODULE A to be

performed N number of times, or until some condition is met.

A diamond symbol located at the bottom of a module means that the module calls one
and only one of the other lower modules that are connected to the diamond. Thus,
MODULE A can call MODULE C or MODULE D. Notice however that MODULE B can
call MODULE G and it can call either MODULE E or MODULE F. This diagram

construct is referred to as a transaction center.

Program modules communicate with each other through passing of data. Data being
passed is represented by named arrows with a small circle on one end. The direction
of the arrow is significant. Note that DATA A is being passed "up" from MODULE C to
its parent, MODULE A. The downward direction of the arrow for DATA B implies that
SYSTEM MODULE is passing it to MODULE B.

Programs may also communicate with each other thrcugh passing of messages or
control parameters, called flags. Control flags ar gepicted by an arrow with a
darkened circle on one end. As with data, the diveclion of the arrow implies the source

and receiving modules.

6.2 Structure chart representation of sequence code

A sequence in a Structure Chart means that modules are executed one after the other. For
example, in the figure below, Module B is executed followed by Module C {{/’) p
Module A §§©§
odule \9&6 b&?)
Q) \C

@é

Module B G5 & Module C
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Example 1

The Diagram below shows a structure chart for calculating the product of two numbers:

Level O Progra'rrrl Produaw
Of 2 Numbers
- - -;“_jf':’ product

z,.’ //”f-/:_ ‘\""“’\_\¥ C&
- /-’ 7 () ) producl'\"-\“

Level 1 Get Multiply Display Result
Numbers Numbers

Comments:

— The Get Numbers module gets two numbers from a user

— The Muitiply Numbers module uses the two numbers from the user and returns their
products

— The Display Result module uses the product and prints it to the user.

The program code for this structure ¢hart can oe!

Module Mcdulel
Dim x As Integer
. .Dimy As Inbeger
pim product As Double
Getnumber |}
product = Multiplylumbars (% ¥}
DisplayResull (product)
consola.ReadKey ()|
End sub
Sub Getnumber |)
x = Console.Readline
y = Conso.a.ReadLine
End Sub o ‘
Funcilon MOLELplyNumbets (Byval paraX As Double, ByVal paral As Double) As Double
Return parax * para¥
End Function _ _
Sub DisplayResult(Byval paraproduct A3 bouble)
console.WriteLina {paraProduct)

End Sub ) <
Q@
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Example 2

Consider the following program code that calculates the average of two digits.

Module Fawad

Dim numl, num2 As Integer
Sub Main()
Dim avg As Integer
inputNums ()
avg = average (numl, num2)
outputAvy (avg)
End Sub o
Function average(Byval a, Byval Db
Return (a + b) [/ 2
 End Funetion
Sub inputNums ()
numl = Console.ReadLine (}
num2 = Consocle.ReadLine (}
____End Sub N —
Sub outputhAvy(ByVal x)
Console.wWritelLine ("average = " & x)
End Sub

The corresponding structure chart for the above ccde is:

Calculate
Average

nunmi

nugZ/f
mg\l/f

inputNums ﬁ outputAvg g\é)@
k (?/57

average o]

; @@)‘/&;2\7)
Z °©
N

Comments:
SO

— For the procedure inputNums, num1 and n#m’i r\_',‘-sﬁown to return values to the
main program as they are declared as glopal))\?érjigp% and are processed again in the
o\

next lines which follow. N
— Instead of writing C < e
riting CalculateAverage, f%@)uld have written main which is moré

appropriate.

- ::lu could a:jsz have used a instead of num 1 and b instead of num2 to show data
ng passed between the main module and the avera ‘
ge module.
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Class activity 39:
cCreate structure charts for the following program code.

Module Fawad

sub Main()
Dim numl As Integer

Dim num2 As Integer

Dim avg As Integer

sayHello()

numl = 34

num2 = B9

avg = average (numl, num?2)
End Sub

———

e o . it e S 081

Function average (Byval a, ByVal b)
Return (a + b) /7 2
End Function

Sub sayHello()
console.writeline ("hello™)

End Sub
End Module

6.3 Structure chart representation for selection code

A selection in a Structure Chart is determined by the diamond symbol. This means a condition
will be checked and depending on the resuit. different modules will be executed. For example,

in the figure below, either Moduie C will ke axaculsd or Module D.

i ol om
odule &

A
< @C &7
Module B Module C @@‘@

Example 1

® @
Consider the following code that checks for a Iucky@bp raw its structure chart
@ g®
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Nodule Fawad
Sub Main()
Dim numl As Integer
nunl = Console.ReadLine
If numl = 7 Then
luckyNumber ()
Else
otherNumber ()
End If
Bnaswb
~ Sub luckyNumber()
console.WriteLine ("This is your lucky number ")
_End Swb
Sub otherNumber ()
Console.WriteLine ("Luck 1s not on your side ")

End Sub
End Module
Main
luckyNumber otherMunber i
Class activity 40:
Consider the following program code that dgisplays citaan: wrane depending on the mark

entered. Draw its structure chart

Module Fawad
Sub Main()
Dim mark As Integer
If mark >= 0 And mark <= 60 Then

gradeFail () 2
Else /?I(\%&@:\\%
If mark > 60 And mark <= 100 Then YN
gradePass () ) ?9
End I1f o%@j) (:%ZD
End If O\
End Sub 32@;{%7
Sub gradeFail () O
Console.WrijteLine ("You have failed ") >

End Sub
Sub gradePass ()
Console.Writeline ("You have passed “)
End Sub
End Module

R

AN
6.4 Structure chart representation of Iteration code

N

Using the semi-circular arrow we can represent iteration in Structure Charts. The arrow

:;\zomlpas;ses a link to a module, implying that module is executed multiple times. For ,
aN1P'8, In the figure below, Module A is iterated several timac  _
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Main Module

%

Data Ag
L Module A

Consider the following program code:

Example 1

Module Fawad

Unit-6: Structure Chart

Sub Main()
Dim numl As Integer
Console.WriteLine(""
numl = Console.ReadLine ()
Do While numl > 0o

numl = Countdown (numl)
Loop
End sub
Function countd

Einter a positive number ")

Returs o
End Function
End Module

e —

Its structure chart is drawn below:

Main Module

%
s} | o

countdown

X

2
Qf;

Class activity 41

Draw the structure chart for the following pr

ABVYRL N AS T nteger)
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Module Fawad
Sub Main()
Dim radius As Double
Dim area As Double
radius = Console.ReadLine
Do While radius > 0
area = calcArea{radius)
printArea(area)
radius = console.ReadLine
Loop
End Sub
Function calcArea (ByVé”imi:Eéf”i?"ﬁiS
Return 3.142 * rad * rad

End_Function] -
Sub printMea(ByVal area As Double)

cOnaole.WriteLine(area)
End Sub
End Hodule e ———— T e ————————- S o e oA ————

ibie) As Double

6.5 Combination of sequence, selection and iteration code

Create the structure chart for the following program code.

Module Fawad
Sudb main()
Dim numl, count, total Aa Integer

numl = scartHsg()
count = 0
total = 0

Do While numi > O
checkNumber (count, ctotal, numl)

numl = npuml - 1
Loop
endMsg(count)
End Sub

Function starchMsg()
Console.Nriteline ("program started, enter your number®)

Recurn Console.ReadLine()
End Function
Sub checkiumber (ByRef ¢ As Integer, ByRef t As Integer,
If n Mod 3 = 0 Then
e = divBy3(c)
Else
t = add(n, t)|
-If
End Sub
Function divBy$ (ByVal x As Integer) As Integer -

Beturn x + 1
End Funccion
2 o
@@@@f)@
ey

ByVel n As Integer)
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runction add(Byval n As
Return n 4+ ¢

End Function

Sub endMsg (ByVal n As Integer)

Console.Nr
End Sop iteLine("number of threes : " ¢ n)

End Module

Integer, Byval t As Integer) As Integer

P

Solution:

Main

numl
O/ Wnt

é count

endMsg
/ % total },}
check

Number | | |
: j
%mtal
numl

cour(u)/
toEO

divBy3 add %z@@
TS
éi?@go

numl

count

startMsg

total

4O<€0«€0

count

Comments: @Q y

—  For the function divBy3, instead of count, ¢ coul@@avg,/p(;en used as label for showing
@

data transfer.

—  For the function add, instead of total a
for showing data transfer.

(2
r%ﬂ%@fi n could have been used as label
Q o,

main

turned to the
i heckNumber, count and total are re
= Natleetiat for i e e ince they are passed by reference

module because their values changes S
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6.6 Further exercises on structure chart
1. Create the structure chart for the following program code:

Module Fawad

Sub Main ()
Dim mark As Integer
Dim comment As String ;
Console.WriteLine ("Please enter a mark ")
mark = Console.ReadLine
comment = FunCheckPass (mark)
Call prooutComment (comment)

End Sub

Function FunCheckPass (Byval paramark As Integpr) AE_§f§Eir
Dim checkpass As String = "Not pass"”
If paramark > 60 Then
checkpass = "pass"
End IFf

Return checkpass
End Function 7 R
Sub prooutComment (ByVal paraComment As String) I
Console.WriteLine (paraComment)
End 5ub
End Module

2, Create the structure chart for the following program cds:
Sub Main ()
Dim ArrayInput() As Integer = {1, 2, 3}
Dim Arrayoutput(2) As Integer
ArrayOutput = funRetArray (ArrayInput)
ProPrintArrayVal (Arrayoutput)
Console.ReadKey()
End Sub u B N
Function funRetArray (Byval arrayln() As Integer) As Lnteger(
Dim arrayFill(2) As Integer
Fori=0T02_ . _ _ - -
arrayFill(i) = arrayIn(i) = 2
Next
Return arrayFill
End Function —
-Subh BrOExin.tArIayHal_(By‘!al_arra.yout,Q_ A3 _Integer).._- =~
For i = 0 To 2
COnsole.WriteLine(arrayOut(i))
Next
End Sub

e TTTE——
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Unit-7: VB in Built Functions

These programming routines come in-built into most common programming languages. They
are very useful and save time and effort in writing code to perform common tasks.

7.1 Maths functions

The methods of the- System.Math class provide trigonometric, logarithmic, and other
common mathematical functions. To use these functions:

1. Without qualification, import the System. Math namespace into your project by
adding the following code to the top of your source file:
Imports System.Math

'Module modulel e
| Sub Main ()

Console.WriteLine (Round(1.94, 1)) ' print 1.9

Console.ReadKey ()
End Sub
.End Module

2. Or the use functions (also known as methods) directly by putting math.x()
where x is the function name.

The main mathematical functions that are commoniy used are:

(i) Abs - Returns the absoluie valus of & sumbar

Imports System.Math
Module modulel
Sub Main()
'math.abs() returns the number, i.e cthe positive number
Console.WriteLine (Math.Abs{34.78)} " prints 34.78
Console.WritelLine (Math.Abs{-34.78)}) ' prints 34.78

Console.ReadKey()
End Sub
End Module = B D

8 file:/t/C/Users/Eawad Khan/AppData/Local/Temporary Projects/CansoleApplication1/bin/Debug/Consa’sapplicationt ®

(ii) Pow - Returns a specified number raised to the specified p(gg@/) @@
Imports System.Math
|Module modulel
| Sub Main()
Console.WriteLine (Math.Pow(2, 3)) ' prints 8
Console.ReadKey ()
End Sub

'End Module

‘ ) file//C:fUsers/Fawad Khan/AppData/Local/Temporary Projects/ConsoleApplication1/bin/Debug/Ct

AN




Unit-7: VB in Buist Fu

Computer Sclence P-2 83 Nhiong
()  Round - The round function is used to round numbers to a limited number of decimay
places using the Math.Round() function.

‘math.round (number,number of decimal places )
Console .WriteLine (Math.Round(1.94, 0)) ' prints
Console.WriteLine (Math.Round(1.95, 0)) ' prints
Console.WriteLine (Math.Round(1.96, 0)) ' prints 2
console.WriteLine ("*=*»*»rxaxxxzxavw)
Console.writeLine(Hath.Round(1.45, 0)) ' prints 1
Console.WriteLine (Math.Round(1.55, 0)) ' prints 2 ' 0.5 round up
Console.WriteLine(Math.kound(1.6s, 0)) ' prints 2
Console.WriteLine ("***asxxsaskxxn)
Console.WriteLine (Math.Round(1.45, 1)) ' prints 1.
Console.WriteLine (Math.Round(1.46, 1)) ' prints 1.
Console.WriteLine (Math. -Round(1.47, 1)) ' prints 1
Console. wrlteLlne('*****ti***tii")”m
Console.WriteLine (Math.Round(1.94, 1)) ' prints 1.
cOnaolc.WriteLine(Math.nound(l.gs, 1)) ' prints 2
Console.WriteLine (Math.Round(1.96, 1)) ' prints 2
Console.WriteLine ("*xaxxxaxwuxnxn)
Console.WriteLine (Math.Round (1. 9445, 2)) ' prints 1.94
Console.WriteLine (Math.Round(1.9455, 2)) ° prints 1.95
Console.WriteLine (Math.Round(1.9456, 2)) ° prints 1.95

NN

U e

w

(iv)  Sqrt - Returns the square root of a specified number.

‘Imports System.Math s
Module mcdulel o T
Sub Main ()
Console.WriteLine (Math.Sqrt(9)) ' prints 3
Console.ReadKey()
End Sub
End Module

(v) Truncate - The truncate function returns the integer part of a numbeg 2 ag
the decimal places. €g> )

A
Imports System.Math 5
Module modulel
Sub Main()
‘math.truncate(decimal number)
Console.ilrice!.ine(Hath.‘rruncate(4.56)) ' prints 4
Console.WriteLine (Math.Truncate (54.565)) ' prints 54
Console.WriteLine (Math.Truncate (5455.565)) * prints 5455

Console.ReadKey ()
End Sub

End Module
I3 et/ /C povans/Fowad Kun/AppOstaitocal/Temporary Projects/ComoleApplication | /birvDebug/ConsoleApplication
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This is particularly useful when you are trying to perform DIV in modular arithmetic.

(vi)  Floor - This function returns the largest integer that'

s less than or equal to the specified
Decimal or Double number.

Imports System.Math
Nodule modulel
Sub Main()

‘math.truncate (decimal number)
Console.WriteLine (Math.Floor(4.56)) ° prints 4

Console-WriteLinemach.rlooru.ae)) ' prints 4

Console.writeLine (Math.Floor(5.99)) ° prints 5
Console. ReadKey ()
End Sub

End Module

I filey//AC: Users Favend Khan/AppDatant ocal/Temporary Projects/ConsoleApphcation 1 /bin/Debug/

(vii)  Ceiling - This function returns the smallest integral value that'
equal to the specified Decimal or Double.

Module modulel
Sub Main()

'math. truncate (decimal number)

s greater than or

Console.WriteLine(MathnCeilimgﬁémé%%; " prints 5
Console.WriteLine (Math.Ceiling{4.881) prints S
Console.WriteLine (Math.Ceiling(5.8%)) ° prints 6
Console.ReadKey ()
End Sub
End Module

Note: You can also use:

Exp - Returns e (the base of natural logarithms) raised to the specified power.
Log - Returns the natural (base e) logarithm of a specified number or the lo arithm

of a specified number in a specified base. \%«ﬁ\’/\x\\
— Pow -Returns a specified number raised to the specified power. “’%ﬂ’-'{ Qj\\\
— 8Sin - Returns the sin of the specified angle. ) @@\\{;{\\
— Tan - Returns the tangent of the specified angle. @)%j Yoﬁ 2
— Cos - Returns the cosine of the specified angle. \)2@\ 6{@
Q)
829 Jo

7.2 Random Number generation

gy
In some situations we have to generate random num J’@}for /}ferent purposes.
Visual Basic .NET supports two ways to generate Bg{_rj%?ggﬂhmbers:

”}C)
- Random-number generator (Rnd()) A
- A class for generating random nurﬁﬁérs(Random())

| 7.21 Random-number generator of VB6 (Using Rnd() function |
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A random number generator is an object that produces a sequence of pseudo-random valyeg;

Rnd()

This function returns a random value W
(i.e. between 0 and 0.99999999 inclusive)

hich is less than 1, but greater than or equal to zerg,

Module modulel

Sub Main()
Console.WriteLine (Rnd())

Cconsole.WriteLine (Rnd())
Console.WriteLine (Rnd())
console.WriteLine (Rnd())
Console.ReadKey ()
End Sub
End Module

& file///C:/Users/Fawad Khan/AppData/local/Temporary P

Note: The sequence of random numbers produced by VB is aiways ihe same. Consider an
application that displays three random numbers. If you stop and re-run the application,
the same three numbers will be displayed. This is not a bug. it's @ fsature in VB that
allows you to debug applications that use random nuibers. if e sequence were
different, you wouldn't be able to re-create the problem.

To change this default behavior, call the Randomize statemerni 2 i beginning of your
code. This statement will initialize the random-number generzior based on the value
of the computer's Timer, and the sequences of random numbers will be different every
time you run the application.

Therefore re-running the code below again produces the same result.

Module modulel

Sub Main()
Console.WriteLine (Rnd()) o
Console.WriteLine (Rnd()) ‘ )\5\\\\}§
Console.WriteLine (Rnd()) ROSERON
Console.WriteLine (Rnd()) . GJS&Q\)
Console.ReadKey () N t}@

End Sub y @‘9 &y

‘/O> C?Zv’

& P

To pr . . 2
Prevent this, call the Randomize functlo@@igg\fe,different random number:

&
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Module modulel
Sub Main()
Randomize() " call this rfunction to have different number
Conscole.WriteLine (Rnd ()})
Console.WriteLine {Rnd())
Console.NriteLine (Rnd ()}
Console.WriteLine (Rnd (})
Console.ReadKey ()
End Sub
Bnd Modula

WY fibe/£AC:AUIsern/Frowncl Khan/AppData/l ocal/Temporary Priects/ComsaleApplhicatiand fbin/Debug/ConsolmApphcation?.|

In most cases, you don't need a random number between 0 and 1 (where 0 only is inclusive),

but between two other integer values. To produce random integers in a given range, use the
following formula:

randomValue = INT ( (upperbound - lowerbound + 1) * Rnd(}) + iowerbound
Where

- upperbound is the highest value in the rance

— lowerbound is the lowest vaius i the range

Example 1: Generate random numbers from 4 to 48

|Module modulel

| Sub Main()
Randomize ()
Console.WriteLine(Int(Rnd() * (40 - 1 + 1)) + 1)
Console.ReadKey () %

5 End Sub

‘End Module o@@j%&%

Class activity 42: @\
Create a program that generates random numbers from 1 to 50. X0 @Q@
Example 2: Generate random numbers from 5 to 40 @ég?5

Module modulel
Sub Main()
Randomize ()
Cconsole.WriteLine (Int(Rnd() * (40 - 5 + 1)) + 5)
Console.ReadKey ()
End Sub
End Module

Class activity 43
. Create a program that generates random numbers from 10 to 50.
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Example 3: Generate random numbers in range 5 excluding 5

Sub Main()
Randomize() ' call this function to have different
'each time you re-run the program
Console.WriteLine (Int (Rnd() * 5))

Console.ReadKey ()
End Sub

The ™ 5" says how many numbers it will go by. The output of that will either be 0, 1, 2, 3, or 4:
Le.5 different numbers. Notice that 5 is not generated here.

Class activity 44

Create a program to generate random numbers in range 10 excluding 10

Example 4: Generate random numbers in range 5 including 5

Sub Main()

Randomize () ' call this function to have different
‘each time you re-run the program
console.WriteLine (Int (Rnd() * 6))
Console.ReadKey ()

End Sub

The "* 5" says how many numbers it will go by. The output of that wii: iter be 0, 1, 2, 3, 4 or
5; i.e. 6 different numbers. Notice that 5 is generated here but g @

Class activity 45
Create a program to generate random numbers in range 10 including 10
7.2.2 A class for generating random numbers, the System.Random class.

This is the new way in VB.Net to generate random numbers. The code below will give you a
random number between 1 and 2,147,483,647.

Sub Main({()
Dim rndGen As New Random
Dim randomnumber As Integer
randomnumber = rndGen.Next
Console.WriteLine (rndGen.Next ()) 'generate between 1 and 2,147,483,647-

Console.ReadKey ()
End Sub

st LpEs
@@\ ol
r
However, you might well require a number that is a little smaljgp> Toyget a random nuxi:;
between two set numbers, for example between 1 and 10@@3w 78U can use the follo
©

Sub Main()
Dim rndGen As New Random &

Console.WriteLine (rndGen.Next (1, 11)) @@ ;
Console.ReadKey () @
End Sub
Q¥ i
Example 1: Generate 6 numbers between 1 and 40 inclusive randomly (s
Lodo game)

milar €
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sub Main()

Dim count As Integer

Dim rndGen As New Random
For count = 1 To 6 !

Console.WriteLine (rndGen.Next (1, 41))

Next
Console.ReadKey ()
End Sub

Class activity 46
Write a program that will generate 10 random numbers between 1 and 50 inclusive.

7.3 String handling functions

N ——

Many examination questions involve manipulating strings. |
7.3.1 Part 1: Treating strings as arrays

A string can be considered as an array and manipulated in the same way.
Example 1:  Print a character in a string

Sub Main ()
Dim name As String = "Fawad Khan"
Console.WriteLine (name (1)) 'print a
Console.ReadKey ()

End Sub

Note: Notice that the index/isubscript of ¥ starts at §

Class activity 47

Write a program to print the character "K' in tne siring "Fawad Khan".
Example 2: Print all characters in a string

Sub Main()
Dim name As String = "Fawad Khan"
'print each character in name including space

For count = 0 To Len(name) - 1

console.WriteLine (name (count)) gé) N

Next @ S
Console.ReadKey () 0/ )
End Sub <2@

Class activity 48 Q@ @b

Write a program to print all characters in the string "l am Legend" Q :
Example 3: Splitting a string to store each element in @rrfﬁ

Sub Main()
Dim name As String = "Fawad Khan"

Dim arraysplit() As String
arraysplit = name. split(" ") ' split the string by space

Console.WriteLine ("The element in the arraySplit are %)

Console.Writeline (arraySplit(0))

Console.WritelLine (arraySplit(1)) ‘

Console.ReadKey () 3
. End sub J




N
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Class activity 49

Write a program that splits the string "I-am-Legend" by "_", storing the elements in an array
and finally display each element on console.

7.3.2 Part 2: Using in-built functions of strings

These simple functions will help you in manipulating strings.
Example 1:

(1) Length

This function is used to find the length of any string you pass it, counting all the characters,
including the spaces. In visual basic to find the length of a string we use the Len ("some string”)
function that returns the integer length of the string that it has been passed:
For example, the program below prints the length of the string "Fawad Khan"
Sub Main ()
Dim name As String = "Fawad Khan"
Console.WriteLine (Len (name)) prints 10
Console.ReadKey ()
End Sub
Class activity 50

Write a program the print the length of the string "Hello World!"
(2) Position

This function allows us to find the position of an item withir =

Z Zeen string and returns the

position's location. In visual basic this is performed by the fciiovir g command: InStr([string],

[item])

For example, the program below prints the position of M and © respectively in the string

"Fawad Khan"

Sub Main() &
Dim name As String = "Fawad Khan" A”&\
Dim getposition As Integer ;@'9) N
getposition = InStr(name, "f") ° prints 1 (& //@
Console.WriteLine (getposition) AN
getposition = InStr(name, "K") ° print 7 @;@@f@@
Console.WriteLine (getposition) @ @?
Console.ReadKey () D o

End Sub| ' Q@f&

Cl tivity 51 - Q

ass activity \@ %

Write a program to get the position of letter e in the

@&’gjgégl%;m Legend"

Note: In the above class activity, the program@u@ognlﬁprint the position of the first character
in the string. Notice also that the index of)IQ 2

: d
when using Instr function as compatf:'is
to when treating the string as an array where the index of F is 0.We can also use
command to search for strings within strings.
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For example if we were to look for to see if the string "Fawad Khan" contains the word
"Khan“:

sub Majn() -~ -~ - - - - - - -

Dim name As String = "Fawad Xhan"
Dim searchitem As Integer

‘use Instr command to search for strings within strings
searchitem = (InStr(name, "Khan"))
1f searchitem = ¢ Then

Console.WriteLine ("Item not found ")

|
g
|
{

Else

o (I::nsole.m*itel.ine("[tem found at position " & searchitem)
n

Console.ReadKey ()
End Sub

Class activity 52

Write a program that take a word from a user and verify if that word in found in the string "Just

dq it". If no, te!l'the user that the word was not found else tell the user the word was found and
prints the position of the 1st character in the word found in the string.

(3) Substring

This function allows you to snip items out of a string and return a substring.
Visual basic uses the following command:

[string].Substring( [startPositicnt | Dengincize

wrnString]
For example, we want to gzt “Mr Faw’ brom tha string "Mr Fawad Khan":

Sub Main()
Dim name As String = "Mr Fawasd Khan®
Dim subret As String

subret = name.Substring(0, 6) 'stores "Mr Faw"
Console.WriteLine (subret)

Console.ReadKey ()
End Sub 2
@
Class activity 53 QI

0) &N
H . : " " . " 2\\1@@ (Q§
Write a program to print the substring "Khan" from the string "Mr Fawad Kh4f", )
(4)  Concatenation NG

_ . . : XU
This function allows you to stick strings together (concatenate) st{‘@\at@u’ can start to build
strings using variables. Visual Baslc uses the following comm%n

<

SP
S\t
o5 O
[stringA & stringB] > 2
For example, we can concatenate the word "am” é "Legend™

\

b
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Sub Main()
‘concatinate two string
Dim mystring As String
mystring = "AM"
Console.WriteLine ("I " & mystring & " Legend ")

Console.ReadKey ()|
End Sub

Class activity 54

Write a program to concatenate 2 words taken from a user, separated by a space and outpuyt
it.

(5) CStr function

The CStr function is mainly used to convert a numeric value to a String.

Isub Main ()
Dim mydouble, mystring As String
mydouble = 437.324
mystring = CStr (mydouble)
mystring = mystring & " is a decimal number "
Console.WriteLine (mystring)

Console.ReadKey ()
End Sub

Class activity 55

Write a program that takes an integer from a user and prints the integer concatenated with the
string "You have input the integer:"

(6) Mid function
The Mid function is used to retrieve a part of a given string. The format of the

Mid Function is Mid(string, position, n) where

- String is the whole text line. . /;"( \\5\\%
- position is the starting position of the part to be retrieved

( »,)
- n is the number of characters to retrieve. \ ¢ S V/‘>

\Q‘)
For example, you can extract "wad" from the string "Mr Fawad Khan ‘és fpl!o\Ns

M A
Sub Maain () T

Dim name As String = "Mr Fawad Khan"
Console.WriteLine (Mid (name, 6, 3)) ' print wad

Console.ReadKey ()
End Sub g
Class activity 56 Q@

4 " . i the
Write a program that extracts "Fawad" from the string "Mr Fawad Khan" and displays it to
user,
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(7)  The Left function
The Left function extracts the left portion of a string. The format is
Left (String, n)

where

- nis the starting position from the left of the string

For example, you can extract "Mr" from the string "Mr Fawad Khan" as follows:
Sub Main()

Dim name As String = "Mr Fawad Khan"
Console.WriteLine(Left(name, 2)) ' print Mr

Console.ReadKey ()
End Sub

Class activity 57

Write a program that extracts "Mr Fawad" from the string “Mr Fawad Khan" and displays it to
the user.

(8) The Right function
The Right function extracts the right portion of a string. Tha format is Right (String, n)
where

- n is the starting position from the right of the string

For example, you can extract "an" from the string "Mr Fawad Khan" as follows:

Sub Main()
Dim name As String = "Mr Fawad Khan"
Console.WriteLine (Right (name, 2)) ' print an

BN
Console.ReadKey () O
End Sub N S

Class activity 58

%
Write a program that extracts "Khan" from the string " Mr Fawad K @ displays it to the
user.

o
@
o@“@

&S
oA

27
o
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compu

unit-8: Arrays

Data stored in a computer is stored at any location in memory. Instead of having similar pieces
of data scattered all over memory, the similar data can be grouped together and stored in an

array-

g1 Array - One dimensional

An array is similar to a table, with parallel columns and rows of data. Below shows an array
with a list of names:

Name

1| Ali

Asim

2
3 | Hadi
4
5

Mustafa

Naveed

Properties of an array (taking the above figure as an example):
- It has an identifier name, 2.g. Name
— It has a size, €.¢. £
- It stores data of same types, £.¢. Siring
- Each element in the array is identified using its subscript or index number, e.g.
element Asim is found at index 2

The largest and smallest index numbers are called the upper bound and lower
bound of the array, e.g. Lower bound 1 and upper bound = 5

8.1.1 Initialising an array ﬁg@@%&
, ecause it

When an array is to be created, the computer needs to know the size of the,S §§
is forced to store all the data in an array together and so it must reservet\h\ét% rgfg <?|t of space

N2

in its memory. \
K DD
puter program that al-%arr@l going to be used

Initialising an array means informing the com

along with @ @7
ol
The identifier name of the array @

- The sort of data that is going to be stof ﬁn(t\)h@array, i.e. its data type

- How many items of data are goé' vo<@0 tored, so that it knows how much
space to reserve (size of array)%5 @fﬁ
Example: Initialising an array in Visual Basic

Dim name(5) As String

{
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This Dim statement declares:

- the identifier name: Name

- the upper bound: 5 (this means array has reserved space for 6 elements - j o
array size =6 )
- the data type: String
Further comments:

The upper bound of 5 specifies that there can be a maximum of 6 data items, since
Visual Basic starts with index O for arrays.

The array that has been described so far is really only a list of single data items. |t jg
possible to have an array which can be visualised as a two-dimensional table with rowg
and columns and a data value in each cell (to be covered later).

All the data held in an array must be of the same data type in traditional programming
languages. For many more recent languages, such as PHP, this restriction does not
hold. We could extend our example to store each person's date of birth as well. This is

possible as long as the dates of birth are stored as strings. An alternative solution is to
use a record with a user-defined data type.

8.1.2 Reading data into an array

To assign data values to the elements of the array, we do this with
such as:

assignment statements
name(2) = "Asim"

This places the string "Ashley" at index position 2 in ihe array.

8.1.3 Writing data into arrays

Consider an application where we know that the

program needs to store and process at least
20 surnames.

Method 1: Use a different identifier name for each surname as follows:

Dim surname1 As String &

: W@ &
N\
Dim surname20 As String \{\ o)
surname1 = “smith” @D s,

Surname20 = “carter”

This method is not efficient at all as it takes a Iarg/ ¢

le,@of space and effort. If there weré
2000 Surnames, would we declare an identifier'fﬁ . ggﬁs rname? Obviously, it does not make
sense. Q

>
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Method 2: Using an array
(i) Declaring an array

/;n fg iadyelrslt.?,dat.a structure that allows, for example, all 20 surnames to use the same identifier
( iscri t _ll_l:l' Is array name). Each surname is then referenced with an index number or
::Jatemgn.t . e programmer must make clear the size of the array with the declaration

Dim Surname(20) As String

;(r)“sNdetCIet]rr\attion says that th.e highest subscript we shall use (the upper bound of the array) is
. Note that we are not going to use the array location at index 0, but instead start at index
1.Data values are then assigned with statements such as:

Surname(1) = "Williams"
Surname(6) = "Parker"

In summary, declaring the array tells the program:
— the identifier name for the array, e.g. Surname
— the sort of data that are going to be stored (Le. the data type), e.g. String

— the size of the array or, more precisely, its upper bound, e.g. 20.

Note: There are differences across different programming languages when declaring arrays.
Visual Basic .NET assumes a lower bound of zero so our example could use subscripts

0 to 20 inclusive.

(ii) Initialising an array

Fori=0To 20
Surname(i) ="
Next
Note: The use of the Index variable - acting as a loop counter - to supply the index value for
the array.

e values can be visualised as a one dimen@%ﬂél\table
o NIANS AN

bscript or index number as a label. g{§5’3 &
N
O%C/

?/\&
e X4

Surname is a one-dimensional array. Th
with a cell for each data item and the su
Surname

1 [Ali N
2 [Asim Oyégg/)b
3 [ Hadi \? ©
4 | Mustafa %9@ Lo

5 | Naveed @Q,

6 [ Akram o

7 [William ¥ @

8 [Eric &

Uﬁb//)%"/

. @ |
20 [ Edwin

o
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8.1.4 Searching in an array

Searching for a particular name in the array involves a simple serial search, looking at each
name in turn.

For example, the following pseudocode searches the Surname array for "Edwin";
Index « 1
IsFound « False
While Index < =20 And IsFound = False
If Surname [Index] = " Edwin " Then
IsFound « True
Output "Found"
Else
Add 1 to index
End If
End While
If IsFound = False Then

Output "Name not in array"
End If

Note: - The square brackets (e.g. Surname lindex]) is used fur array subscripts

- The assignment operator < means that the value ot the right hand side is
assigned to the variable on the left hand side.

- Arrays are normally numbered from zero so that the first value is in location

Name[0]. But in our case, we are ignoring the location Name[0] to make it easier
to interpret the arrays.

8.2 Sample illustrations + VB practical on 10 arrays

, . , , AN W
An array stores a fixed-size sequential collection of elements of the same data: Bg@\%

2 é(\
Num[0] Num[1] Num[2] Num[3]§/§>§f;ﬁ)um[4]
[ Vo
Array 5 @j g QZ i
Name: 2 8 7 6 ©O° 5
Num &@ QOO
R 3)% Sﬁ?’
t 1 Py @QVT 1
Element 1 Element 2 A

Elege}ﬁe %@ Element 4 Element 5

. . L °
— We differentiate each item in the arrayq\@éin <)@ubscript (also known as index)
— The individual values in the array are cal o

, ; edthe elements of the array.
— They're contiguous me

: mory locations from index 0 (i.e. t first element)
through to the highest index vajye (Le. the last elerrgeni).he jowest or
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pimension of an Array

‘v,‘

An array can be:

(a) One dimensional |

- Qne dimensional array is like a list of items or a table that consists of one row of
items or one column of items.

(i) Multidimensional
E.g. 20 array, 3D array etc,
- Atwo dimensional array is a table of items that make up of rows and columns.

Norm?lly it i§ SUffic-:ient to use one dimensional and two dimensional array, you only need to
use higher dimensional arrays if you need to deal with more complex problems.

8.2.1 Creating arrays in VB 10

To declare an array in VB.Net, you use the Dim statement. For example,
(i) Declaring an array that will store data items of type String
‘array identifier is animal
'upper bound =3
'lower bound =0
'Array size =4

Dim animals(3) As String

P

Note: You can also declare arrays of type integer, double, dats, Boolean etc. 1
|
Class activity 59
Write a program to declare an array with name "Electronics" and size 4. (\7\ | |
NEAN |
£ /&%\
8.2.2 Inserting data into the array &)&0 &;{o)
\ <
You can then insert items/data into the array as follows: 2 \0

Dim animals(3) As String

Go
animals(0) = "Dog" @§ % |
oy |
® |

animals(1) = "Cat"
animals(2) = "Bird" Q*@
animals(3) = "Bat" o &

If you try to insert a 5th item in this array which |
message as shown below when executed:
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“Sub Nain()

‘array identifier is animal
'upper bound =3

'lower bound = 0

‘Array size = 4

Dim animals(3) As String
animals(0) = "Dog"
animals(l) = "Cat"

animals(2) = "Bird" daxOutOfRange Excaptian was ushandi
animals(3) = pacr - hESIEEOSOISRME RS
nimals (4) = "Moskito® | 'ndexwas outidethe bounds of the aray.
End Sub Troubleshooting tips:
Class activity 60

Insert the following elements in the array Electronics, starting at index 0: Computer, TV,
Watch.

8.2.3 Printing the data items in the array
(i) One at a time

Console.WriteLine(animals(0)) ‘console output Dog

Class activity 61

Print the 2" element in the array Electronics.
(ii) All at once

'print each data items
Forindex=0To 3

Console.WriteLine(animals(index))

Next
(‘g@ N
Class activity 62 }é\ X
AE p )
Print all elements in the array Electronics. %@ }&6 7
Class activity 63 ‘y\\?@ {go
Create an array that stores 5 numbers taken from a user.\ﬂ?& N

find the average of these 5
numbers by iterating through the array. AN @{

%,

sgqe - - % /)
8.2.4 Initialising an array with empty string or i ge N'\gues
Normally, you should initialise your array first
su_ch.as JAVA, it is mandatory to initialise yo
Principle of good programming practice, you

(i)

O,
b\efgr)é g<{9'9 it. In some programming languagé

ur %g plirst. In VB it is not mandatory but as 2
should do it.

Initialising an array of type String
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pim animals(3) As String
'intialising the array with empty string
Forindex=0To 3

animals(index) = ""

Next

class activity 64
Write a program to initialise the array Electronics discussed before.
(i) Initialising an array of type Integer
Dim number(5) As Integer

'intialising the array with 0's

Forindex=0To 5

number(index) = 0

Next

Class Activity 65

Create an array "Digits" of data type integer ard size 5. initiatise the slements in the array with
values 1.

8.2.5 |Initialising an array with default data

You can also initialise arrays while declaring the arrays. For example,
Dim intData() As Integer = {12, 44, 55, 23, 46, 76} |
Dim name() As String = {"Ali", "hadi", "Mustafa"}

Note: You can use underscore to continue your program on the next line

Class Activity 66
Write a program that creates an array "Furniture” with initial values chair, tabl%’@d\%\ga\

@@ 0@@

(6)  Searching through arrays

NS
-searching for an item in array @@@@@@
Fori=0To 3 (§
If animals(i) = "Bat" Then (&\k’
n @ Q
Console.WriteLine("ltem Found ") @@ @@
End If é& f@%
Next '(
Class activity 67

Write a program that ask a user to input a furniture name and the program searches the array
Furniture previously created to see if there is match. If so, the program displays the position
. Of the furniture in the array.

= M.mgﬂhd
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Class activity 68
() Write a program that takes 10 computer marks and store them in an array.

(ii) Write a program to find the smallest mark in the array.

(iiy ~ Write a program to find the smallest mark in the array.
8.3 Arrays - Multidimensional

So far, you have used 1Darray:

o e @ | e (4)

There are also multi-dimensional arrays such as 20, 3D arrays etc:

Two- dimensional array

Three-dimensional array

e ity i A e b et e

118.3.0)

O\~ &

It is possible to have an array which can be visualised as a two ,g|man(5|\c>nal table with rows

and columns and a data value in each cell. @Q g/@

8.3.1 Declaring/Creating an empty 2D array: ﬂ@
The following statement declares a 12 array wnt}do@nd 4 columns:

Dim emptyArray(2, 3) As Integer ' consi \6513 rows and 4 colums

__—_4
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This can be viewed as:

Class activity 69
Write a program to create a 2D array with name "array20" and having 2 rows and 3 columns.
8.3.2 Declaring a 2D array with initial values:

The following statement declares an array with initial values (1,2) which is row 1 and (3,4)
which is row two.

Dim testarray(,) As Integer = {1, 2}, {3, 4}}

Class activity 70

T Ll

Write a program to create a 20 array with name “arrayiesiZ3" and having initial values (10,
10), (20, 20), (30, 30)

8.3.3 Printing a specific eilement in an array:

The following statements print the vaiues in ihe array at position (0, 1) and (1, 1) respectively:
Dim testarray(,) As Integer = {{1, 2}, {3, 4}}
Console.WriteLine(testarray(0, 1)) ' prints 2
Console.WriteLine(testarray(1, 1)) ' prints 4

Class activity 71

Print the element at position (1, 2) in the arrayTest2D in the previous class activity.

8.3.4 Print all elements in an array: &@

The following code prints all elements in the array: *‘@@ é@
Dim testarray(,) As Integer = {{1, 2}, {3, 4}} %@@0@@@

Forrow=0To 1 @Q% ggy

For column=0To 1 @ @o
(/7
2

Console.WriteLine(testarray(row, columr&)&& Q@Q)
Next % gé7©
D oy
Next @ @
A
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Class activity 72
Print all the elements in the arrayTest2D used in class activity 72.
8.3.5 Entering elements in a 20 array and printing them:

The following code fills the array with values 1 everywhere and prints the elements at each
array position after they have been inserted into the array:

Dim array2D(2, 3)
For row = 0 To 2
For column = 0 To 3
array2D(row, column) = 1
Next
Next

For row = 0 To 2
For column = 0 To 3

Console.WriteLine (array2D(row, column))
Next

Next]
Class activity 73

Write a program that creates a 2D array with 3 rows and 4 columns and filled each row with
values 2.

Search for a specific element and print its indexes:

The following codes search for the value 3 in an array already filiec with initial values and
prints the row and column index of 3 if it is found:

Dim testArray( ) As Integet = ((1, 2), [3, 4}}
'searching for element 3
For row = 0 To 1
For column = 0 To 1
If testArray(row, column) = 3 Then
‘prints rowWw index: 1 and column index: 0 if found

Console.Writeline ("row index: " & row ¢ " column index: " & column)
End If
Next
Next
A
(O
- O b7 Q
Class activity 74 & N7

N _ ‘2
Write a program that creates a 2D array with initial values (1, i@; \ %)d 3 15) and searches
for the value 10 in the array, returns its index if found.

A%%

8.4 Sample illustration of using 2D array:
<4

School visits are made by five staff |nspectors%0§2a gﬁ o-week period.

N

Two arrays are needed:

— Staff Name: a 1-D array to store the names of the five staff
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— HomeVisit: a 2-D array to store the number of visits made by each staff member over
the 14-dayperiod.

The arrays need to be declared ang initialise:

The following code initialises the Staff Name array to the empty string

Dim staffName(4) As String 'stores 5 elements

'intialise staffname aaray to empty string

Fori=0To4
staffName(j) =
Next

— The following code initialises all of the entries of the HomeVisit array to zero (note the
use of nested loops):

Dim HoweVisit(4, 13) ns Integer 'S rows(staff) by 14 columns (days)
Dim staffCount As Integer
Dim dayCount As Integer
Dim staffName(4) As 8tring ' stores % elements
'intialise staffname array to empty string
For 1 = 0 To 4
staffName (i) = ©=»
Next

'intialise the array homevisic te 0
For staffCount = 0 To 4
For dayCount = 0 To 13

HomeVisit(staffCount, dayCount) = 0
Next

Next

Class activity 75

Create a 20 array to represent the multiplication tables from 0 to 10. &
Hint: Use row index * column index
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Unit-9: Sorting

Sorting means to arrange items in a particular order (usually either ascending or descending)

9.1 Bubble sort

Bubble sort is a simple sorting algorithm that works by repeatedly stepping through the list to
be sorted, comparing each pair and swapping them if they are in the wrong order. The pass
through the list is repeated until no swaps are needed, which indicates that the list is sorted.

Bubble sort can be:

— Bubble-Up the Largest Element

- Bubble-down the smallest Element

Disadvantage of bubble sort:

— It is a very slow way of sorting data
Faster sorting algorithms are:
— Insertion sort
— Quick sort
Bubble sort works as follows:
1. Compare adjacent elements. if the first is greater than the second, swap them.

2. Repeat this for each pair of adjacent elements, starting with the first two and ending
with last two. At this point the last element should be the greatest.

Repeat the steps for all elements except the last one.

4. Keep the repeating for one fewer element each time until there are no more pairs to
compare.

9.1.1 Visual illustration of bubbling up the largest element

SO
o (@
Traverse a collection of elements @/@
(2
— Move from the front to the end Q%( )0@@2
o N @) _

"Bubble" the largest value to the end using pair-wise comp@s@ éjgﬁd swapping

9.1.2 Step by step example of bubble sor: (i@g@ @éo
i follows:

The initial values stored in the array are as 10 @\\&k @Q@/

/)
10 | 30 | 15 | 25 5%9

In the above example, N d 1008
to 4 and with each iteration of ©
e focus of outer loop is on the first element of the array. The

nested loops aré used <Qgé)rt é\@érray. The outer loop moves from 0
r loop, inner Io@@%oves from O to e - (i+1).

First of all, the value of lis 0 so th .
sorting process will work as follows:
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Pass 1

Iteration 1

10 | 30 | 15 | 25 5

j = 0 so the statement arr(j) > arr(j+1) compares 10 with 30. As 10 is not greater than 30, therg
will be no change in the array.

Iteration 2

A

10 | 30 | 15 | 25 5

j = 1 so the statement arr(j) > arr(j+1) compares 30 with 15. As 30 is greater than 15, both
values will be interchanged and the array will be as follows:

Iteration 3

y

10 | 15 | 30 | 25 5

j = 2 so the statement arr(j) > arr(j+1) compares 3C with 25. As 30 s z7=ater than 15, both
values will be interchanged and the array will bz 25 follows:

s

10 | 15 | 25 | 30 5

Iteration 4

j=3 so the statement arr(j) > arr(j+1) compares 30 with 5. As 30 is greater than 5, both values
will be interchanged and the array will be as follows:

10|15 | 25 | 5 | 30 L

At this point, the inner loop is completed and the largest value in arra has moVed in the last
element. It means that the position of largest value is now finalized. No}/ {he ycon'trol moves to
the beginning of outer loop and the value of i becomes 1. @

Pass 2 @é‘ ) @0/@ &
Iteration 1 % @

} P 4
10 [ 15 | 25 | S5 | 30
\)@ o)
j=0 so the statement arr(j)>arr(j+1) compares 10 with 15. As 10 is not greater than 15, theré
will be no change in the array. "
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[teration 2

—

10 | 15| 25 | 5 | 30

] = 150 the statem-ent arr(j) > arr(j+1) compares 15 with 25. As 15 is not greater than 25, there
will be no change in the array.

Iteration 3

v |
1

j=2s0 t'he st.atement will arr(j) > arr(j+1) compares 25 with 5. As 25 is greater than 5, both
values will be interchanged and the array will be as follows:

10 15 5 25 30

At this point, the inner loop is completed and the second largest value in array has moved in
the second last element. It means that the position of second largest values is now finalized.
Now the control moves to the beginning of cuter icop and the value of i becomes 2.

Th e 3
Hmoa 3
2 el a

"
A

Iteration 1

= 2 = -
151 3 L;‘,.JG

j = 0 so the statement arr(j) > arr(j+1) compares 10 with 15. As 10 is not greater than 15, there !

will be no change in the array.

Iteration 2 2
R AN |

B2
Iﬁw 15 | 5 | 25 | 30 ,‘0//;//,//7)
L ) \:.’\/ ‘,/0///
5) g

,

(7+1) compares 15 with 5. As 15 s greatefthan 5, both values |

j = 1 so the statement arr(j) >arr
: : 4 AP
will be interchanged. Iz
NG 4 |
The array will be as follows: RO i
= =

10 | 5 15 | 25 | 30 |

P
er loop is completed and the tfurfd largest value in the array has moved in |
position of third largest value is now finalized. Now the ;

At this point, the inn
t. It means that the :
and the value of i becomes 3.

the third last elemen _
control moves to the beginning of outer boi___—___j
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Pass 4

Iteration1

10 | 5 | 15 | 25 | 30

j = 0 so the statement arr(j)>arr(j+1) compares 10 with 5. As 10 is greater than 5, both values
will be interchanged and the array will be as follows:

S 10 | 15 | 25 | 30

% At this point, the inner loop is completed and the fourth largest value in the array has moved
4 in the fourth last element. It means that the position of fourth smallest value is now finalized.

The position of smallest number is also automatically finalized. Now the outer loop also
terminates and the array is sorted in ascending order.

9.1.3 Bubble sort algorithm implementation (un-optimised)

Pseudocode:

For count = 0 to numberOfElementsinArray-1
For pass = 0 to numberOfElementsinArray-2
If Array[pass] >Array[pass+1]
Temp = Array[count]
Array[count] = Array[pass+1]
Array[pass+1] = Temp ) @@ &
End If ;@;@%@
End For % | o@g)
End For §0> @7)@

Program code: Q%

We can optimised it by using a Boolean variable to r{)@k vgp)%‘n the array is already sorted
and stop the program, thus not wasting time and resoyrges /:Tnﬁ’e section which follows illustrate
N ﬁ)n

an optimised code which sorts in the array in th @(ﬁ)l umber of pass possible.

%’Q@@
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Dim arxr(4) As Incegar, temp As Integer
Dim 8 As Integer, e, i As Integer
s = LBound(ary)
e = UBound(arr)
arr(0) = 10
arr(l) = 30
arr(2) = 15
arr(3) = 25
arr(4) = g
Conscle.WriteLine ("Origional array 1is "
For i = 3 To e
Cansolt.writnzine(nzt(i))
Next
For 1 = a To =
For j = s To & - 1 %
If arx(y) > arr(jd + 1) Then
temp = arr(j) |
arr(j) = arr(j + 1)
ATrr(j + 1) = vemp

End If
Hext
Next
Console.WriteLine ({"Sorted Arzay ig = ) 1
For i = a3 To e
Conscle.WritelLine{arxci{i)}
Navr

Class activity 76
Write the program code to sort an array with initial values 77, 42, 35, 12, 101, 5 t
9.1.5 Bubble sort algorithm implementation (optimised) '

There may be cases where only a few elements were out of place and after a couple of "bubble
ups", the collection was sorted. We want to be able to detect this and "stop early“ &\

Improving the previous bubble sort algorithm

— We can use a boolean variable to determine if any swapping occ%€? g/}mg the
"bubble up."

— If no swapping occurred, then we know that the collectio ﬁy sorted!

— This boolean "flag" needs to be reset after each "b@@ﬁ@@
©

Pseudocode solution: @

For count = 0 to numberOfElementsinArray-1 (@

Swapped = False
For pass = 0 to numberOfElementsinArray-2

If Array[pass] > Array[pass+1] Then
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Temp = Array[count]
Array[count] = Array[pass+1]
Array[pass+1] = Temp

Swapped = True
End If
End For
If swapped = False Then
Exit program
End if
End For

Program code:

‘Dim arrs() As Integer = (2, 7, 4, 1, 5, 3}
Dim i, j, temp, arraylength, count As Integer
Dim swapped As Boolean
For 1 = 0 To (arrs.Length() - 1)
swapped = False
For 3 = 0 To (arrs.Length() - 2}
If arrs(j) > arrs(j + 1) Then
temp = arrs(j + 1)
arrs(j + 1) = arrs(j)
arrs(j) = templ
swapped = True
End If
Next
count = count + 1
If swapped = False Then
Exit For ' exit the loop

End If
Next
Console.WriteLine ("count is " & count) ' print number of passes
For i = 0 To (arrs.Length - 1) ,

Console.WriteLine (arrs(i))
Next

@%\) &

Class activity 77

Write the program code that sorts an array (%
nit] ue 5 and
ensuring this sorting is done in the minimum né\»ﬁ‘g)’ i@s p:s;:)l e42 36, 12, 101,
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Construct a trace table for the following code and dry run it using the values in the array arrs:
pim arrs() As Integer = 2,77, 1,785,737
pim i, j, temp, » count As Integer
pim swapped As Boolean
for i = 0 To (arrs.Length() - 1)
swapped = False
For j = 0 To (arrs.Length() - 2)
If arrs(j) > arrs(j + 1) Then
temp = arrs(j + 1)
arrs(j + 1) = arrs(j)
arrs(j) = temp)

sSwapped = Trye
End If

Next
count = count + 1
If swapped = False Then

EXit For ' exit the loop
End If

Next
Console.WriteLine ("count s »
For i = 0 To (arrs.Length - 1}

cOnsole.WriteLine(axx&{i}3
Next

& ocount) ' print number of passes
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The data for a number of students is sh

own below:
—_

Name Addres Telephone Exam grades
i ;:H{ \‘ﬁ‘hi’g“h” l{f i .;i"‘,.; ‘{‘"‘:}3“{"‘.3 ‘-;“', I"‘“ S ol R M il bl P A Y A R
ImshaDar | 113a New Town' 323525666 ACCD

Nooshun Bilal 17b OId Town 788585858 AABA
!-A’Iisbri Smith 15 0ld Town 745865850 B,BA,C
r. “g I i ' | A

10.1 Keys terms associate with files

— Afile consists of a large quantity of similar data. E.g. a student file is shown above

A record is the information referring to a

particular student. Each record contains
exactly the same fields: name, address,

etc. E.g. 3 records shown above

— Each type of information is called a field. A number of fields

make up a record and all
records from the same file must contain the same fields.

10.2 Types of files

There are different types of files that are used including:

— Serial file o@%\%
— Sequential file

— Indexed sequential file 3 @ .00
iz
— Random file 4}

©

i ntial file.ofly. 5.
For paper 2, you need to be aware of serial and seque &\%@@%{
A
10.2.1Serial files Ay

data,

8
QO
i Emplj 7 for addi
: hing and no-€pmplicated methods for a ing new
Serial files have no order, no aids to searching (‘;B xw

(%
. @
Data storagel/Insertion in a serial file: @3

| file. data are stored in the file Irﬁ@e order in which it arrives. The new data
= In a serial file,

t the end of the existing file (i.e. “appended"). This is illustrated
are simply placedean ames are inserted into a serial file:

below where som
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—

1. Insert Ahsan 2. Insert Jack
Ahsan Ahsan
Jack
3. Insert Tom 4. Insert Mary
Ahsan Ahsan
Jack Jack
Tom Tom
Mary

Searching a serial file:

— Searching a data require the whole file to he read, s
ending either when the requested record is found ar the
finding the data. This is illustrated below where the nams b

<

nie first record and
tha {ile is read without
sgarched for is Tom:

1. Is equal to Tom? No 2. Is equal to Tom? No
< Ahsan Ahsan
Jack =P | Jack
2z
Tom Tom 2§§
Mary Mary N
@) (/’\\l r )
3. Is equal to Tom? Yes Found @ @z)
@D o
Ahsan %§’ S
N\
Jack ©
> N
Tom d;> j@
4 F
Mary @@ &
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Example of serial file:

The book that you are reading now.

The words were all typed in, in order, and that is how they should be read. Reading
this book would be impossible if all the words were in alphabetic order.

Advantage of serial file:

— Simplest form of storage
Disadvantage of serial file:

— Finding an item may be very difficult as data are in an unstructured way
Use of serial files:

Serial files are used when it is unlikely that the data will be needed again

Serial files are used when the order of the data should be determined by when it is
input

10.2.2 Sequential files

In a sequential file, data records are stored in sequence using a key field. The data in such a
file can only be read from beginning to end.

Data storage/Insertion in a sequential file:

— Adding a new record is more complex because it has to be placed in the correct
position in the file. To do this, all the records that come after it have to be moved in
order to make space for the new one. This is illustrated below:

A section of a school student file might look like this:

Anusha
Jack /"\@,g\
e
Tom «@ &
N
Anusha , Jack, Mary, Tom were inserted into the sequential file intjiis %{)&2 However, since

this is a sequential file and it is sorted in order of Name, thg{;@me@&/ere inserted in their
correct position each time. g & @@@
If a new student arrives whose name is Ashley, stqgg &' sfface must be found between
Anusha and Jack. To do this all the other records han t bg@oved down one place, starting
with Tom, then Mary, and then Jack. ,(ofj@ﬁ

&

@
S
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Anusha

Jack
Mary

Tom

This leaves a space into which Ashley’s record can be inserted and the order of the records
in the file can be maintained.

Anusha
Ashley
Jack
Mary

Tom

Note: It necessary to move Tom first and not Jack as this leaves a space into which Ashley's
record can be inserted and the order of the records in tha e can he maintained.

Searching in a sequential file:

— Itis similar to searching in a serial file which requives e wi

e b F U

wie ie 1 be read, starting
with the first record and ending either when the requested racons s found or the end

below where the name

of the file is read without finding the data. This is iiustrated
being searched for

Since the sequential file is in order of key field name, Anusha is found at the start itself.

Example of sequential:

The data of a set of students can be stored in a computer in: g@@)ﬁ&%\k
— In alphabetic order of their name or ) ?§0> 4%%
— In the order that they performed in a Computing exam or Q@%@O
— By date of birth with the oldest first @ N @@
If the datr—..l arein alphabetic o.rder of name and the computci@@ax%%?ﬁ%)? Zaid's record, it must
start looking from the beginning of the file. {8
Advantage of sequential file: @ @
— Easier to find a particular record as the @(ﬁn arranged
Drawback of sequential file: Q

— Insertion is time consuming
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Use of sequential file:

Note:

10.3

—

This type of file structure is only used for files that have a small number of records or
that change infrequently. It is not suitable for large files.
In paper 2, you are going to manj

pulate sequential file only. In paper 4, you are going
to learn about random fi

les and how to manipulate them.
File manipulation

Files can be manipulated in terms of-

—

Write/Save new data into files (e.g. saving a game)
Read data in a file (e.g. opening an existing spread sheet)
Delete data from files (deleting unwanted records in a database or text file)

Update data in files (e.g. saving modification made to a word documents)

Append data in files(e.g. adding a new record to an existing files of records)

Search for and retrieve data in files (e.g. get records from database or text file)

10.4 File extensions

File extensions such as .txt, .CSV, XIs, .ppix, .exe are oniy present
or program how to handle them:. They don't define w

Different files have different exiansions such

to tell the operating system
hat's inside the file.

€

engn o
Y RN,

10.5 Pseudocode structures for file handling

(i)

(ii)

@,
Opening a file ﬁhy@
OPENFILE <filename> FOR READ/WR Sr%/céi%PEND

Reading a line of text from the file

. READFILE <filename>, <string>
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(lil)  Write a line of text to the file
WRITE FILE <filename>, <string>
(iv)  Close file
CLOSEFILE
(v) Function to test for end of file
EOF()
Example 1: Creating a student file and writing one line in it
OPEN FILE student.txt FOR WRITE
WRITEFILE student.txt, "This is a new file"
CLOSEFILE student.txt
Example 2: Creating a student file and writing multiple lines in it

OPEN FILE student.txt FOR WRITE

Repeat

Input StudentName

WRITEFILE student.txt, StudeninName
{d Until no more data to input

CLOSEFILE student.txt

f{‘ Example 3: Reading a whole student fiie linie by line
OPEN FILE student.txt FOR READ

WHILE NOT EOF (student.txt)
READFILE student.txt, NameRetrieved

Output NameRetrieved
ENDWHILE &
/'%
CLOSEFILE student.txt . o)

Example 4: Reading data from one student file line by line an wg to another
student file O&J /fz\}

OPENFILE student.txt FOR READ
OPENFILE studentNew.txt FOR WRITE . siy\ @FQ
WHILE NOT EOF (student.txt) N (,)

READFILE student.txt, NameRetrle\(pg @
WRITEFILE studentNew.txt, Naf Ws&e rleé
ENDWHILE
CLOSEFILE student.txt
CLOSEFILE studentNew.txt




l ? puter Science P-2 120 Unit-10: Files

com

gxample 5: Appending data to a student file

OPENFILE student.txt FOR APPEND
WRITEFILE student.txt, “fawad”
CLOSEFILE student.txt

Example 6: Searching for a specific name in a student file

Found = false ‘I‘ j

OPENFILE student.txt FOR READ

Input NameToFind

WHILE NOT EOF (student.txt) and Found = false
READFILE student.txt, NameRetrieved '
If NameTofind = NameRetrieved Then |
Found = True |
Output "Name Found"
End If

End While

If Found = false
Output "Name not Found"

End If

CLOSEFILE student.txt

10.6 Sample illustration of manipulating serial files

At all times when manipulating files in VB, you will have to import the System((g
This class contains methods (i.e. functions) for many common file operations

opening, copying, deleting etc.

Imports System.IO ' namespace %
ElModule Modulel @ “
2 |
Sub Main () 53
End Sub

s SRR i o B s,
G e et ————
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(i) Creating a file and writing one line

" tmports System.IO ' namespace
LBNodulo Nodulel

sSub Main()

filewriter() ' Call procedure
End Sub
= Sub fileWriter()
‘create an objaect of the file class to use its predefine functiong
Dim filewriter As StreamWriter
‘the object FileWriter uses the method CreateText Lo create a file
filewriter = File.CreateText ("F:/Myfile.txt"™)
‘the object FileWriter uses the method writeline to write a line
filewriter.WriteLine ("Hello, i have created you ")
‘close file @lse won't see data since still in RAM
filewriter.Close()
- End Sub

-End Module

The file will appear in partition F (if you have, else use partition C) in your computer:

w~ * This PC » New Volume (F)
A [ Name Date modified Type Size

= Myfile 771972017 12224 PM et Docuinent 1 K8

It will have the following contents:

-_2} Myfile - Notepad

File Edit Format View Help

Hello, i have created you

(i)  Creating a file and writing multiple lines @@ N

| Imports System.lO ' namaespace —
Module Modulel
- Sub Main()
FileWriter() ' Call procedure
End Sub —
Sub fileWriter () . -
‘create an object of the tile class toO use its predatine functions
Dim filewriter As StreamWriter
‘the object FileWriter uses the method CroateText to cr
‘ filewriter = File.CreateTaxt ("Fi/Myfils.ctxt")
! / For £ =1 To 10
‘the object FileWriter uses the method write
filewriter.WriteLina ("Hello, i have created you ")
Next
‘close file else won't see data since still in RAM

filewriter.Close()
- End Sub

Llnd Module
B e I‘

!j L

eate & gile

line to write @ line
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The content of the file will be as follows:

File

HElloa
Hello,
HEllo:
Hello,
HEllo,
H8110:
H8110:
HElloJ
HEllOJ
Hello,

(i) Reading a whole file line by line

3 Myfite - Notepad
gdit Format View Help

i

He He He He He He e e

puter Science P-2

have
have
have
have
have
have
have
have
have
have

created
created
created
created
created
created
created
created
created
created

you
you
you
you
you
you
you
you
you
you

: RI
¥
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“sub FileRead{)

Dim dataRetrived As String

‘create an object of the file class to use itsg predefine functions
Dim filereader As StreamReader

‘the object FileReadar usaes the mathod OpenTaxt to open a fila for reading
filereader

Loop

End Sub

File.OpenText ("F: /Myfile.txe")
'read file till end of file

Do Khile filereader Pesk <& =1

'putput what is being read
dataRetrived =

(iv)  Appending data to a file

Sub FileAppend ()

'create an object of the file class to use its predafine functions
Dim FileAppend As StreamWriter

'the object FileAppend uses the method AppendText to

'add a line at the end of a file

FileAppend = File.AppendText ("F:/Myfile.txt"™)
FileAppend.Writeline("Hello,

FileAppend.Close()

End Sub

The file will look as follows:

i have added this line to your text ™)

filereader.Readiine
Console.Writeline (dataRetrived:

e —

0

Ky

vi*” |

Q |

&Q |

l

0@%@

&@@@
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@ Myfile - Notepad

File Edit Format View Help

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have created you

Hello, i have added this line to your text
(V) Searching for a specific data in a file
Suppose the student file is as follows:
] Myfile - Notepad

File Edit Format View Help

Ali

Ahmed

Akram
1Sohail

Hadi

Mustafa

Asim

Basit|

Searching for the name "Hadi":

Sub Filesearch ()

Unit-10:Fi|es

e

pim found As Boolean = False
‘yariable to store data retrived
Dim dataRetrived As String
‘variable to keep track of line number
Dim count As Integer = 1
‘variable to get input
Dim NameToFind As 3tring
‘exeate an object of the file class to use its functions
Dim Pilereader As StrsamRsader
'the object FileReader uses the method OpenText to open a file for reading
Filereader = File.OpenText ("F:/Myfile.txt")
‘get input from userxr
NameToFind = Console.ReadLine
Do While Filereader.Peek <> -1
‘output what is being read
dataRetrived = Filereader.ReadLine
1f dataRetrived = NameToFind Then
Console.WriteLine ("Found at line " & count)
found = True
End If
count = count + 1
Loop
If found = False Then
Console.WriteLine("Data Not found ™)

End 1¢
N

The output will be:—“.‘
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I

' file:///C:/Users/Fawad Khan/AppData/Local/Tem

Note: Input is case sensitive. Make sure the name is typed as it .
is , | Myfile - Notepad

(Vi) Updating a specific data in a file | ;ll;mEdrt Format View Hel
Suppose the student file is as follows: Jack

Anusha

Harry

Changing the name “Anusha” to “Ashley”
"Sub FileAmend()
'Variable to chack if name to ba changed found
Dim found As Boolean = False
‘variable to store retireved name from file
Dim RetrievedName As String = "
Dim NameToChange, NewNams As String
‘create objects of the file class to use itas functions
Dim OlderFileReader as StreamRsader
Dim NewFileWriter Az 3tream¥ritar
OlderFileReadsx iie,CpénTexti“Fs/Myfile.txt“)
NewFileWriter = =i ®.CreateText ("F:/MyfileNew.txt"™)
'get name to change in file from user

e

£
P :rla

]

NameToChange = Console.ReadLine
'loop through file contents
Do While OlderFileReader.Peak <> -1
RetrievedName = OlderFileReader.ReadLine
‘check if there is a match
If RetrievedName <> NameToChange Then
'write in new file other names
NewFileWriter.WriteLine(RetriavedName)
Else
'write in new file the new name
NewFileWriter.WriteLine (NewName)
found = True
End If

Loop . e
> o

\
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‘close the file

OlderFileReader.Close ()

NewFileWriter.Close()

‘inform user if name to

If found = False Then
Console.Write ("Name not found ")

End If

‘ensure any previous backup file are deleted

File.Delete ("F:/Myfile.bak")

‘rename old file to backup

File.Move ("F:/Myfile.txt", "F:/Myfile.bak")

‘'rename new file created to old name

Pile.Move ("F:/Myfilenew.txt", "F:/Myfile.txt")

End Sub

be changed not found

10.7 Sample illustration of manipulating sequential files

At all times when manipulating files in VB, you will have to import the System.lO file class.
This class contains methods (i.e. functions) for many common fiie operations such as creating,
opening, copying, deleting etc.

Imports System.IO ' namespace
[F1Module Modulel

Sub Main()
End Sub

(i) Creating a file and writing one line
Similar to serial file (See previous section)
(ii) Creating a file and writing multiple lines

If you want to write more than one records in order of Names, you will have to ensurg)that the

name is placed in the correct position each time. See part 07%—\\\\}\
RO

__3J Myfile - Notepad

(iii)  in this section.

iv Readi ile li i
(iv) ading a whole file line by line File Edit Format View Help

Similar to serial file (See previous section) Ashley
(v}  Appending data to a file I Harry
Suppose the fil i i Q% Jack
e contains the following data: @ T oml
C

® @
DI

A
Q@Q
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GuUppOne We want Lo lnwert the name "Lavingd",

pob plleIneerd () ' for saquential flle

ipariable vo ehwok (f name v be ahanged faund
pim found A Boolean = ralse
teaviable to stove vatvlaved name from fi1a
pim RetriovedName Ao Ptilng = **
tvaviable to cheaok (f naw name haw bean Inwsstad
pim oheokinserted As Noolean * Falee
‘waviable Lo gab naw name from user
pim Newname As Buring
rereate objecta of the file olans to use Lta funationa
pim OldrileReader As BureamRender
pim NewFlleWilver Ae SuieamWilver
oldrileReadex = rile.OpenTent (“ri/Myflle,tut*)
NewFileWritex = File.CreataTant ("Fi/MyfileoNaw, tut”)
tget name Lo change bn flle £rom wees
Newname * Console ReadLine
‘loop through file contents
pe While OldrileReader,. Paek <5 -}

RetxievedName = OldrileReader.eadLine

‘ensure that new value placed in file only once

I ohaokineartad = PFalas Than

If Newname < RatrievedName Then
Newrilewriter.WriteLine (Newname)
checkinsexted » True
End 1f

End If

NewrileWriter WyrlteLine (RotxlevedNane)
Loop

UnitA0; Files

1f cheokinmserted » rFalme Then "i0 name Jargoest than all other names

NewPileWriter Writeline (Nownmmen)

End If
oldrileReader.Close () & MewlilaMuh o, Clomy ()
End Sub

Output:

I Mylile - Notepad
flo Ldit Tormat View Help

Ashley

Jack A

Tom oY X( )
, W

O

l) (‘\ ”.

Harry g ) &

Lavind WO &y

Note: We have created a new file StudentNew this ime inslead df)qilg\ilng the old studentFile.

\ "- ' A7
(\Cﬁ((f

) A '
(fy
« \j'r') ( ‘l\{/

Similar to serial file (See previous section) Q) N 7
V) Updating a specific data In a file <“esn<l”§ &f
Similar to serial file (See previous section) \~~><3(;J~>

()  Searching for a speclfic data In a flle
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Class activity 79

Below is a sequential file with name Family.txt containing the following records?

Write a program that displays a menu where a user can 7;}] Family - Notepad

choose and perform the following actions: File Edit Format View Help

— read a chosen record Abid .
Sohail
— update a chosen record Zoya|

— insert a new record
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Unit-11: ldentifier Table

An identifier table represents the different identifiers in a program code. It usually consists of
3 fields namely:

— the ldentifiers
— its data type
— the purpose/explanation/description of the identifier
Example 1
Consider the following pseudocode:
For Count = 1 to 50
Input name, hours_wrkd, rate_pay
If name <> "END" Then
Totalpay = rate_pay * hours_wrkd
Print Name, Totalpay
End If
Next Count
End For

The identifier table will be as follows:

Identifier Data type Description
-~ Count INTEGER Loop counter
Stores the name of the
name STRING employee

o i 0 Stores the number. of
T R hours - - worked vbyf'.'
POUBLE amhoyes™ |

wThe amwt‘ pa@ per hour of 3

rate_pay DECIMAL workin
R '4;\/)
{ Z
Draw the identifier table for the following pseudocode: @\’ @9
Pie = 3.142 @(& @@@

Input radius @ %

While radius> 0 & 0&
Area = Pie * radius * radius @7@ ©C
Output area

Input radius

Cndtan o
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Example 2:

consider the following program code:

-

‘1gearching for an item in array T
for i=0To3
If animals (i) = "pag™ Then

Console.WritelLine ("Bat is found

b e at index " & i & " in the array ")
n

Next

The identifier table will be as follows:

Identifier Data type Description
Loop counter which is
i - INTEGER used as the subscript/index for
the array
animals ARRAY [3] : String Array to store names of animals
Class activity 81 |
{
Draw the identifier table for the following program code: j
Dim testArray(,) As Integer = {{1, 2}, {3, 4}} I
Forrow=0To 1
For column =0 To 1
Console.WriteLine(testArray(row, column)) &
Next
Next
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Unit-12: Software Development

When software applications are built,
they follow an

way the system development life cycle (SDLC) guides
rough development of an information system, the program development

life cycle is a tool used to guide computer programmers through the development of an
application (software).

12.1 Stages of program development life cycle (PDLC)

¥ Operate and Analyse user
7" maintain the system requirements

Code the
program

Program/Software development consists of a number of stages: Q@
: , e i (@\g j @
- Requirement identification 03 <§%
— Design §§§0 gg/?)??
— Coding _ @X@ @@
- Testing \0? , @f@
- Documentation @D 5.
0/
_ Maintenance @% Qeog&
(i)  Requirement Identification % A

Define the problem to be sol\(ed, and write %rogréa{gl%}pﬁ;jf;hons including descriptions o
the program's inputs, processing, outputs, an @/dg Ace.
Q
(i)  Design 4 h y
. ic plan using a tool such as pseudocode, flowcharts or srt:|c ure
gevelop atod::::zdtr::gprosram-s activities into modules and devise a method of solution or
iagrams

alanrithm for each module

E
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(iif) Coding

Translate the design into an application using a programming language by creating the user
interface and writing code with comments to explain the purpose of code statements.

(iv) Testing

Test the program, finding and correcting errors (debugging) until it is error free and contains
enough safeguards to ensure the desired results.

(v) Documentation
Formalise and complete end-user (external) documentation
(vi)  Maintenance

Provide support to end users, correcting any unanticipated errors that emerge and identify
user-requested modifications (known as enhancements). Once errors or enhancements are
identified, the program development life cycle begins again.

Note: Stages may overlap

12.2 System maintenance

Systems/software are designed for a well-defined purpose and should realize that purpose; if
they do, they are considered successful. During use it may becorms necessary to alter the

system for some reason - this is known as maintenance.

There are three different types of maintenance o be considara:

(i) Corrective maintenance
ﬂon of the new
sting stage. A

m

Corrective maintenance is necessary when a fauil or sus i

system. These are software bugs which were not pcsc ;_;;-. gt ing formal
technician or the original pregrammers wiil be needed to com )

(D

(ii) Adaptive maintenance

Adaptive maintenance is necessary when conditions change from those that existed when the
original system was created. This may be because of a change in the law (tax {a‘tes may

change, for example) or the hardware may be changed, so that changes need tg be made to
the software for it to remain functional. \*\ ‘: W

A& s < \_3.

N

(ili)  Perfective maintenance -\\\\ o2

~.~j

Perfective maintenance is required to "tweak" the system so thqkrt performs better. For
example, searching for a particular stock item may be quite slow, The tej\mman decides that
supplier details should be stored in another file rather than w1th>1he,detalls of the stock, the
size of the stock file is reduced and it is far quicker to searg \Tt@ has not changed how the
system operates as far as the user is concerned but th%e ormance improves.

In sum, a system/software is maintained after gonn% }ve (lnsfallatlon)

- Corrective maintenance fixes so@wa&bugs which were not picked up at the
formal testing stage. K

Adaptive maintenance changes the system to cater for changes in the law, of

hardware or new business procedures.

Perfective maintenance makes the system perform better. 4
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Note: The need for continual maintenance for a system/software

Computing and computer applications change regularly through advances in technology, new
ideas, different legal frameworks and different business practices. A system should never be
considered to be finished. Rather than being a linear process with a beginning, a middle and
an end, it should be thought of as a circular process, continually returning to previous stages
to fine tune them and take advantage of changing circumstances.

In addition to the need for continual maintenance, all systems have a natural lifespan and
eventually need to be replaced. The limited lifespan of a system is known as obsolescence.
Even the most up-to-date and most expensive system eventually becomes out-of-date. This
may be because a piece of hardware needs to be replaced and it is not possible to find
anything that is compatible with the software; because the competitor for a business updates

all its systems and customers find their service more impressive; or because customers expect
more to be done for them.

12.3 Program testing

Programs are tested after they are written to ensure that they are error free and perform what
they are intended to.

Program errors may be of the following types:

(1) Errors in syntax (incorrect use of the programming ianguage)
(2) Errors in logic (the program does nat do what was intended)
(3) Run-time errors (ones that are only discovered when the program runs).

12.3.1 Syntax errors

Syntax errors are errors in the grammar of the program ianguage, i.e., the rules of the
language have been broken.

|
Common errors are: )l
|
l

- typing errors, such as Selct for Select

- an If statement without a matching End If statement

% .
— For statement without a matching Next statement Qf)\&% 1
N\
- An opening parenthesis without a closing parenthesis: (a + b \\ {
How syntax errors detected? \°) ';

— Most syntax errors are spotted by the programmer befoQ % ;g‘;\) t to run the |
code.

— Some program editors help to identify syntax e r" example, the Visual |
Basic.NET editor underlines any variable in the.gotle wHi h has not been declared.
Similarly, it highlights declared variables whi@}&y{é@rot been used in the code. |

12.3.2 Logic errors (oi /\gﬁ

A logic error occurs when the programmer ma@% Ig’t' ke in their logic for some part of the
program.
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Common errors are:

(1)  Suppose a programmer wants the first 10 positive integers to be output and createg
the following algorithm:

For Count=0To 10
Output Count
Next Count

This algorithm has no grammatical errors but it does not produce the correct result. It produces
the integers 0 to 10 not 1 to 10. This type of error can only be found by thorough testing. The
programmer can carefully check the code by reading it or can attempt to run the program,

(2) Another common error is to use the wrong arithmetic symbol, e.g. a+b instead of a-b,
or to put parentheses in the wrong place, such as (a+b-c)*d instead of (a+b)-c*d. These errors
should be identified during testing and are all a mistake in the logic of the programmer,

12.3.3 Run-time errors

Run-time errors occur during the execution (running) of the program.
Example of a runtime error

A typical error is to have an expression such as (a+b)/(c-d), used in the program but ¢ is equal
to d, resulting in an attempted division by zero. The problem is that this error may be
undetected for a considerable time because the equality of c and d rarely happens. However,
it could be disastrous when it does.

Itis a good idea to test the denominator before division ta ensure tat this error doesn't crash
the program. Instead, the programmer can "trap" the errcr 57+ 3pi2ys an error message.

12.4 Testing strategies

Software creation is a human activity and, as a resul, is suDiEc 1o errors. All software has to
be tested. Only the simplest of programs work first time and most contain errors (or bugs) that
have to be found. If a program has been designed and written in modules, it is much easier to
debug because the programmer should be able to test each module independ’e@y of the

. I{QIN
others. There are several strategies the programmer can adopt for testing a p@gvm&\

12.4.1 White box testing }@ )
, N2 c
White box testing is where testers examine each line of code for the cor(qg{%/) ic and accuracy.
S 4
This may be done manually by: @Q’ @@

. /O” i i -S
(1) Drawing up a table to record the values of the vari Q@ /fter each mstruct\:;)':ler'e
executed. Examples could include selection statem\\%ptbgfzand Case Select),
O

every possible condition must be tested. (2&
\ @é? d then display the
(2)  Debugging software can be used to run the s ograBU)é ep by step an
values of the variables. @ °
@
Whiteb @
Input Output _,,

>\’/ '\J ‘




Computer Science P-2 136 Unit-13: Transferable Skills

B White Box 5

Trace table

It is a technique used to test algorithms to make sure that no logical errors occur. Working
through an algorithm using test data values is called a dry run or trace. The Hand tracing or
desk checking or 'dry running' allows you to use a trace table to:

- see what code will do before you have to run it

— find where errors in your code are
Note: A trace table need to keep track (trace) all the variabies and outputs when drawn.
To make a trace table, the first step is to note the table heacings, iiis invoives the following:

1. Variables: note all the variables in the piece of cede you are looking at (this
includes arrays). Note each variable as a heading

2. Output: note if there is an output and put this as a heading
Example: Dry run the following codes
Dim y As Integer =3
Forx=1To 4

Y=Y + X Q@ %

Next gi\’g @%
Console.WriteLine(y) . %& @@
Solution: y@%’)

To do this, we create a trace table: @
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Class Activity 82
Dry run the following algorithm using the sequence of input data -2, 0, 3,5, 12, 16:
n=0
WHILEn <=0
INPUT n
ENDWHILE
Total — 0
Count— 0
REPEAT
INPUT Number
Total — Total + Number
Count — Count + 1

UNTIL Count=n

OUTPUT Total/Count

12.4.2 Black box testing Q’? ? Input
Black box testing is one of the earliest forms of test :;_f—-:\_; :

where the programmer uses test data, for which the
results have already been calculated, and compares
the results from the program with those that are
expected.

— The programmer does not look at the
individual code to see what is happening -
the code is viewed as being inside a "black
box". (no knowledge of the internal code

and structure required) Output
— The testing only considers the inputs and Siaci-Box Teating
the outputs they produce. J/ ~9)
Black-box test design is usually described as focusing on <\C\

< 7S &
- testing functional requirements
- external specifications or interface N (§°
- specifications of the program or module. \/ @5

Black box testing makes use of test plan: @

o

A test plan is used to test the correctness of a prwarw using test data which includes:

- Normal data is data that the systérqls%xpected to process.

- Borderline/extreme/boundary data is at the boundary of data that the system
is expected to process.

- Invalid/abnormal data is data that the svystem is expected to reiect.
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Consider the pseudocode below verifies if an input value lies between 5.5 and 9 incs, S
Input n
Whilen<=550Rn>=9

Input n
End While

In this case:

Normal data: any value between 5.5 and 9 (excluding 5.5 and 9)
Borderline data: 5.5 and 9

Invalid data: they could be 4, 10 or even 2000.
12.4.3 Stub testing

A stub is a dummy (fake) program or component used when the actual program code is not
ready for testing. It acts as a temporary replacement for a called module and give the same
output as the actual product or software.

For example, if there are 3 modules and last module is yet to be completed and there s no

time, than we will use dummy program to complete that 3™ module and we will run whole 3
modules also.

Nustration of stub tosting

Considor n program for calculating tax on a produs
& the main module which gets the product's price o

VRO Ll

ealculate the tax on the product and the 3" module o io {

AT

wires 3 modules. The 1% module
ate from a user and the 2™ one
1@ tax on the product.

The 2" module 1o calculato the tax noed to be dynamic,

(hatis itwill determine the tax price
based on tax rate provided by the user.

Howaver, due 1o lack of time and the need to deliver the program to the client. the programmer
hasn't heen able 1o code the module dynamically. So he created a stub module to calculate

the tax prive by taking the tax rate as 15% and price as Rs100 instead of taking it from the
a6t :

This thus enables him to test the whole program as shown below. e R\

Fxpected program: o)

Sk Malni)

Bla priee, vsonbrive, YonRate Ae Decimal

Uenesle Relsobine ("plesse enter the prlee of the produesy =)
prive ® vanssle Pandiine

Femenla Weltobine (“Finase enter the tan sate *)

Yombate » Cunscle. Readline

Sanbrles * funtalvanbrive (YanRate, price)

premesTantelee (banbrles)

tnd o

Punetlon Funffalvanboloe (Ry¥al paratanvate As Deelnal, ByVal pavaprlea Ao Beclmal) "Ne Boelmal ™
Potuen paratonsate ' pareprive

L Y P
Bk pontui¥onteleniByVal povatontiles Ao Doclmal)

Honesla Welvebine (*the tan prles (0 * & paraventiles)
LN
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Actual program with stub:

8ub Main()
Dim price, taxPrice, TaxRate As Decimal .
Console.WriteLine (“please enter the price of the product )
price = Console.ReadLine
Console.WriteLine ("Please enter the tax rate ")
TaxRate = Console.ReadLine
taxPricea = !un(.‘nl:.xpric-()
ProOutTaxPrice (taxPrice)
End Sub L
Punction funCaltaxPrice () Am Dacimal ' stub moduls
Return 0.15 + 100 ° decides to usme Rs 100 as price and 15%% for tax
_End Punction R
Sub proOutTaxPrice (] ByVal paraTaxPrice As Decimal)
Conscle.WriteLins ("the tax price is " & paraTaxPrice)
End Sub

12.5 Features found in a typical Integrated Development
Environment (IDE)

Procedural programming languages tend to have an integrated davelupment environment
(IDE) that provides for all stages in the program's development: wyanti

and execution. An IDE enables the programmer to use some ver, =
such as:

ory, compilation, testing

— Suggesting programming elements

— Reporting syntax errors

- Debugging

— Watch values of elements during run time

These are discussed in the section below:
(i) For coding

The IDE suggest programming elements defined by the user (e.g. variables ..--éf‘;“n\tants.

o g : (G
procedure, function identifiers) and programming elements already in V§<<(€‘Fé.§f€§ewed
words)) as we type and we just need to select them to display them inste gjﬁgjjﬁﬁng them

fully as well as no need to remember them by heart, saving timegé’h’d ‘llowing easy

@nd g

programming. g)@\%}‘@
O
(i)  For initial error detection e

@D go
or intprmediate code), syntax
errors are spotted and reported by the programmer. Som e){t\s itors report a syntax error

as the code is typed in. For example, if you write the if@rucj N"Mass = 56 and the variable

Mass has not been declared, some editors report g\\mmﬁi\étew In any case, it is reported
during translation by the interpreter or compiler, @

%%

During translation of a high-level language into machine C;’%%}z
A

il




Computer Sclence P-2 1o
, Unit-13: Transferable Skills

|
Module Modulel

Sub [Name '‘Mass' is not declared.

= 5¢
End 330‘“

|correction suggestions) |

(i)  For debugging

Debugging is the process of finding and reducing the number of bugs/defects/errors in
computer programs.

- Single stepping

This technique is used by the programmer to see what happens when each line in a program
is executed.

Sub Main ()
prosplit ()

End Sub

Sub prosplit() T
| Dim name As String = "Mr fawad Rhan"

Dim arraySplit() As String
=) arraySplit = name,Split (" *} split the string by space
Console.WritelLine ("the elements in the arraySplit are ")

Console.WriteLine (arraySplit (0)}
Console. Wrxtehlne(arraySplxt(l))

Console.WriteLine (arraySplit(2))
- End Sub

— Breakpoints

This technique is used to arrange for a program to stop at a given instruction and dl,splay the

values of the variables at this point, known as break pints. The program can then 5 ojﬂmued
or stopped by the programmer. ?(@

A programmer may step through a program either by setting break points, Q”r@y kté ping after

the execution of each instruction. When a programmer sets a brea 61 i éﬁe program can

then be run to this point. The programmer can then step through tt@{b E instructions one
f<t

at a time, run the program to the next break point, or run to the en program

? aub ptoapl;t()

Dim neme As String = "Mr fawad Rhan"
* Dim arraySplit() As Btring

''s lit the string b

Console. l:itonino (arrayupl:l.t. (0))
Console.WriteLine (axraySplit (1))

Console.WriteLine (arraysplit(2))
- End Sub
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- Variables/expressions report window

A watch window (Visual Basic .NET calls this the
the values of variables and expressions. The win
value (and maybe the data type) of each variable.
simply types the name of the variable or the expressio

is displayed.

wimmediate Window") can be used to display
dow displays to the programmer the current
To obtain these values, the programmer
n into the window and the information

A ——————— ! —

é Sub proapl;c()
Dim name As String = "Mr fawad Khan"
Dim array&plxt() As 8String

¢ split the string by spacs

ents 1in the arraySplit are

Contolo.lrxtohzno(arraySplxt(0))
Console.WriteLine (arraydplit (1))
! Console .WriteLine (axraySplit(Z))
- End Sub




