CHAPTER-14

11 Programming
11.1 Programming Basics

Candidates should be able to:

Implement and write pseudocode from a given
design presented as either a program flowchart or
structured English

Write pseudocode statements for:

e the declaration and initialisation of constants
e the declaration of variables
* the assignment of values to variables

e expressions involving any of the arithmetic or
logical operators input from the keyboard and
output to the console

Use built-in functions and library routines

11.2 Constructs

Candidates should be able to:
Use pseudocode to write:

e an ‘IF statement including the ‘ELSE’ clause
and nested IF statements

e a'CASEFE structure

e a ‘count-controlled’ loop:

e a ‘post-condition’ loop

e a ‘pre-condition’ loop

Justify why one loop structure may be better suited
to solve a problem than the others

11.3 Structured Programming
Candidates should be able to:
Define and use a procedure

Explain where in the construction of an algorithm it
would be appropriate to use a procedure

Use parameters

Define and use a function

Explain where in the construction of an algorithm it
is appropriate to use a function

Use the terminology associated with procedures
and functions

Write efficient pseudocode
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Notes and guidance

Any functions not given in the pseudocode guide
will be provided

String manipulation functions will always be given

Notes and guidance

Notes and guidance

A procedure may have none, one or more
parameters

A parameter can be passed by reference or by value

A function is used in an expression, e.g. the return
value replaces the call

including procedure/ function header, procedure/
function interface, parameter, argument, return value
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Pseudocode basics

Variables & Constants
Whatis avariable?

= Avariable is anidentifier that can change in the lifetime of aprogram
= |dentifiers should be:

= |nmixed case (Pascalcase)

= Only contain letters (A-Z, a-2)

= Only containdigits (0-9)

= Start with a capital letterand not adigit
= Avariable can be associated a datatypewhenitis declared

= When avariable is declared, memory is allocated based on the data type indicated

Pseudocode

DECLARE <identifier> : <datatype>

= Todeclare avariable, use the DECLARE keyword followed by the name and datatype:

DECLARE Age : INTEGER
DECLARE Name : STRING
DECLARE IsLoggedin : BOOLEAN
DECLARE Temperature : REAL
DECLARE DOB : DATE

= Youcanthen assigna value using the assignment operator — :
Age — 18

Name — "Alice"
IsLoggedin — TRUE

What is aconstant?
= Aconstant is an identifier set once in the lifetime of a program
= Constants are generallynamed in all uppercase characters

= Constants aid the readability and maintainability

Pseudocode

CONSTANT <identifier> «— <value>
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= Todeclare aconstant, use the CONSTANT keyword:

PROGRAMMING

CONSTANT Pi — 3.14158
CONSTANT MaxScore — 100
CONSTANT SchoolName «— "Meridian Academy”

= Constants are not reassigned during execution - they are fixed values used throughout

the algorithm

Example

= Youarewriting a program to calculate the area of a circle using the formula:

Area — Tt % radius?

= 7isaconstant (it neverchanges)

= radius and area are variables (they change depending on theinput)

CONSTANT Pi «— 3.14159

DECLARE Radius : REAL

DECLARE Area : REAL

OUTPUT "Enter the radius of the circle:"

INPUT Radius

Area — Pi * Radius * Radius

OUTPUT "The area of the circle is: ", Area

Variables and constants in different languages

Feature Python VB.NET Java
Declare Just assignit (no keyword Dim radius As double radius;
variable needed) Double

Assignvariable | radius =5 radius =5 radius =5;

radius

Declare Convention: use UPPERCASE (PI = | Censt Pi As Double | final double Pl =
constant 3.14) (not enforced) =3.14159 3.14159;
Reassign Yes(nottruly constantunless Cannotchange | Cannotchange
constant? enforced) once set once set
Useincalc. area = Pl * radius * radius area= Pi* radius * | area=Pl* radius *

radius;
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Arithmetic & logical operators

Arithmetic operators

= Arithmetic operators areused to perform basic maths operationsin a program

= Theseinclude adding, subtracting, multiplying and dividing values

Common arithmetic operators

Operator Purpose Example Result
+ Addition or string concatenation 5+3 g
"lohn" +" " + "Doe" "lohn Doe"
Subtraction 10-4 6
* Multiplication 3%5 15
/ Division 10/2 5
A Exponentiation (power of ) 343 37
MQOD Modulus (remainder afterdivision) 10 MOD 3

Operator precedence (BODMAS / BIDMAS)

= Arithmetic operators follow operator precedence

= Multiplication and division happen before addition and subtractionunless brackets are
used

result —2+3*4 /] gives 14
result —(2+3)* 4 /f gives 20
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Logical operators
= Logical operators are used tocompare values

= They return either TRUE or FALSE and are commonly used in conditions and loops

Common logical operators

Operator Purpose Example Result
H Equalto 5=6 FALSE
Not equal to Si=7 TRUE
Greater than 5>10 FALSE
< Lessthan 5<10 TRUE
>= Greater than orequalto 5>=10 FALSE
<= Less thanoregual to 5<=10 TRUE
Example code
x—25
y—10

QUTPUT x ==y /f FALSE
OUTPUT x <>y /{ TRUE
OUTPUT x <y 1/ TRUE

OUTPUT x>y /4 FALSE
QUTPUT x ==y /f TRUE
OUTPUT x>=y /f FALSE
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Constructs

3 Selection
3 Iteration

Selection
Whatis selection?

= Selectioniswhenthe flow of a programis changed, depending on a set of conditions

= The outcome of this condition will then determine which lines or block of codeis run

next

= Selectionis used forvalidation, calculation and making sense of auser's choices
= There are two ways to write selectionstatements:
= if...then.. else...

= case...

If statements

Whatis anif statement?

= Anlfstatements allow you to execute a set of instructions if a conditionis true

= They have the following syntax:

Pseudocode
IF <condition= THEN IF <condition>= THEN
<statement(s)> <statement(s)>
ENDIF ELSE
<statement(s)>
EMNDIF
Without an ELSE clause With an ELSE clause

Nestedif statements

= Nested if statements are an if statement within anif statement

= Nested means to be 'stored inside the other'

Example code

IF Player25core > Player1Score THEN
IF Player2Score > HighScore THEN
OUTPUT Player2, " is champion and highest scorer”
ELSE
OUTPUT Player2, " is the new champion”
ENDIF
ELSE
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OUTPUT Player1, " is still the champion”
IF Player1Score > HighScore THEN
OUTPUT Player1, " is also the highest scorer”
ENDIF
ENDIF

If statements in differentlanguages

Python VB.net
weather = input("What is the weather like today? (sunny, rainy, snowy): ") | Module WeatherCheck
Sub Main()

if weather == "sunny":

print{"Don't forget your sunglasses!")
elif weather == "rainy":

print("Take an umbrella with you.")
elif weather == "snowy":

print("Wear warm clothes!") If weather = "sunny" Ther
else: Console.WriteLine("Dor

print{"Not sure what to suggest for that kind of weather.") Elself weather ="rainy" Tl

Console.WriteLine("Tak
Elself weather ="snowy" "

Console.WriteLine("We.
Else

Console.WriteLine("Not
End If

Dim weather As String

Console Write("What is th
weather = Console.ReadL

Console.ReadLine() ' Keeg
End Sub

End Module

Case statements

Whatis acase statement?

= Acase statementcan meanless code but it only useful when comparing multiple values
of the same variable

= [f statements are more flexible and are generally used more inlanguages such as Python

= Theformat of a CASE statementis:

Pseudocode

CASE of <identifier>
<value 1> : <statement1>
<statement2>

<value 2> : <statement1>
<statement2>

CASE of <identifier=>
<value 1> : <statement1>
<statement2>

<value 2> : <statement1=>
<statement2>
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OTHERWISE : <statement1=>
ENDCASE <statement2>

ENDCASE

An OTHERWISE clause can be thelast clause

Example code

DECLARE Direction : STRING

OUTPUT "Enter a direction (N, S, E, W)."
INPUT Direction

CASE OF Direction
"N": OUTPUT "You are heading North"
"S": OUTPUT "You are heading South”
"E" : OUTPUT "You are heading East"
"W" : OUTPUT "You are heading West"
QTHERWISE : OUTPUT "Invalid direction entered”
ENDCASE

Case statementsin different languages

Python

VB.net

weather = input{"What is the weather like today? (sunny, rainy, snowy): ")

match weather:
case "sunny":
print("Don't forget your sunglasses!")
case "rainy":
print("Take an umbrella with you.")
case "snowy"
print("Wear warm clothes!")
case _:
print("Not sure what to suggest for that kind of weather.")

Module WeatherCheck
Sub Main()
Dim weather As String

Console Write("What is th
weather = Console.ReadL

Select Case weather
Case "sunny"
Console.WriteLine("C
Case "rainy"
Console.WriteLine("T
Case "snowy"
Console.WriteLine("V
Case Else
Console.WriteLine("M
End Select

Console.ReadLine() ' Keep
End Sub
End Module
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Iteration

Whatisiteration?

= |terationis repeating aline orablock of code usingaloop
= |terationcanbe:
= Count-controlled

= Condition-controlled

Count-controlled loops
What s a count-controlledloop?

= Acount-controlled loopiswhen the code is repeated a fixed number of times (e.g.
usingaFORlcop)

= Acount-controlled loop can be written as:

Pseudocode

FOR <identifier> «— <value1> TO <value2> | FOR <identifier> «— <value1>TO <value2> STEP <increment>
<statements(s)= <statements(s)=
NEXT <identifier> NEXT <identifier>

= |naFORIloop, theincrement mustbe an expression that evaluates to aninteger
= Theloop starts at value!
= Theidentifieris updatedby the increment value on eachiteration
= Theloop continuesuntil the identifier passes value2

= Theincrement can be positive ornegative, depending on the direction you want the
loop to count

Nested count-controlled loops

FORi—1T03
FORj—1TO 3
OUTPUTI, "x",j," =" i*]
NEXT
NEXT i

= Theouterlooprunsifromlto 3
= Foreachvalue of i, theinnerloop runsjfromlto3

= |t outputsall combinations of i x|

1x1=1
Tx2=2
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1x3=3
2x1=2

3x3=9

Count-controlledloopsin different languages

Python VB.net Java

Print the numbers1to 5

foriinrange(1, 6): ForiAs Integer=1To5 for(inti=1;i<=5;i++){
print(i) Console.WriteLine(i) System.out.printin(i);
Next I3

Condition-controlled loops

What is a condition controlled loop?
= Acondition controlled loopiswhen the code is repeated until a condition is met
= There are two types of condition controlledloops:
= Post-condition (REPEAT)

= Pre-condition (WHILE)

Post-conditionloops (REPEAT)
= Apost-conditionloop is executed at least once
= The condition mustbe an expression that evaluates to a Boolean (True/False)

= The conditionis tested after the statements are executed and only stopsoncethe
conditionisevaluated to True

= |t canbe written as:

Pseudocode

REPEAT
<statement(s)>
UNTIL =condition=>

Pre-condition loops (WHILE)

= The condition mustbe an expression that evaluates to a Boolean (True/False)

= The conditionis tested and statements are only executedif the condition evaluates to
True

= After statements have been executed the conditionis tested again

10
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= Theloop ends when the condition evaluates to False

= |tcanbewrittenas:

Pseudocode

WHILE <condition> DO
<statement(s)=
ENDWHILE

Nested condition-controlled loops

DECLARE Username : STRING
DECLARE Count : INTEGER

Count — 0

WHILE Count < 3
Username —""

WHILE Username =""
OUTPUT "Enter a username: "
INPUT Username

IFUsername = "" THEN
OUTPUT "Username cannot be blank."
ENDIF
ENDWHILE
OUTPUT "Username accepted: ", Username
Count — Count +1
ENDWHILE
= Askthe usertoenterupto 3usernames
= For each one, keep asking until anon-empty name is entered

= QOuter WHILEruns 3 times (for 3usernames)

= Inner WHILE ensures that each usernameis not blank

Condition-controlled loops in differentlanguages

Python VB.net Java

Keep asking the user to enter a password until they type "ac

11
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password ="" Module PasswordCheck import
Sub Main()
while password != "admin": Dim password As String =™ public ¢
password = input("Enter the password: ") publi
While password <> "admin" Sci
if password !="admin™: Console.Write("Enter the password: ") Str
print("Incorrect, try again.") password = Console.ReadLine()
wh
print("Access granted!”) If password <> "admin” Then :
Console.WriteLine("Incorrect, try again.") |
End If

End While i
Console.WriteLine("Access granted!") 1

Console.ReadLine() ' Keeps the console open }

End Sub
End Module Syt
SCz
}
}

When to use eachtype of loop

Loop type

Whentouse

Example scenario

Count-controlled
loop (FOR)

When you know in advance how
many times you wantthe loop torun

Repeating an action 5 times,
generating a multiplication
table

Pre-condition
loop (WHILE)

When you want to check a
condition before runningthe loop. It
may run O or more times

Keep asking for a valid
password before granting
access

Post-condition
loop (REPEAT ...
UNTIL)

When you want the loop torun at
least once, and then stop whena
condition becomes true

Ask theuser forinputand
validate itafter first run

12
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Structured Programming

3 Procedures & fu

nctions

What are functions and procedures?

= Functions and proced

ures are a type of sub program, asequence of instructions that

perform a specific task orset of tasks

= Procedures and functions are defined at the start of thecode

= Sub programs are often used to simplify a program by breaking it into smaller, more

manageable parts

= Sub programs can beusedto:

= Avoid duplicatingcode and canbereused throughout a program

= Improve thereadability and maintainability of code

= Perform calculations, to retrieve data, or tomake decisions based oninput

= Parameters are values that are passed into a sub program

= Parameterscanbe variables orvalues and they are located in brackets afterthe
name of the sub program

= Example: FUNCTIO

N TaxCalculator(pay,taxcode) OR PROCEDURE TaxCalculator(pay,taxcode)

= Sub programs can have multiple parameters

= Touseasubprogramyou 'call' it from the main program

What's the difference between a function and

procedure?

=  AFunction returns a value whereas a procedure does not

Procedures

= Procedures are defined using the PROCEDURE keyword in pseudocode

= Aprocedure canbewrittenas:

Pseudocode

PROCEDURE <identifier>()
<statement(s)>
ENDPROCEDURE

PROCEDURE <identifier>(<param=:<data type>, <param2=>:<data type=...)
<statement(s)>
ENDPROCEDURE

= Theidentifierisused to call the procedure

= Tocall aprocedure,it canbe written as:

13
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CALL <identifier>()
CALL <identifier>(Value1,Value2,...)

= When parameters are used, vaiuel, value?.. must be of the correct data typeandin the
same sequence

Example code

PROCEDURE GreetUser{Name : STRING)
QUTPUT "Hello, ", Name, "!I"

ENDPROCEDURE

DECLARE UserName : STRING

QUTPUT "Enter your name: "
INPUT UserName

CALL GreetUser(UserName)
= PROCEDURE GreetUser defines the procedure, which takes one parameter: Name
= The procedure prints a personalised greeting

= The mainprogram asks for the user's name and then calls the procedure using CALL

Functions

= Functions are defined using the FUNCTION keyword in pseudocode or def keywordin
Python

= Functionsalways return a value so they do notuse the CALL function, instead they are
called within an expression

= Afunctioncanbe written as:

Pseudocode
FUNCTION <identifier> RETURNS <data type> | FUNCTION <identifier>(<param1>:<data type>, <param2>
<statement(s)> <statement(s)>
ENDFUNCTION ENDFUNCTION
Example code

FUNCTION calculate_area(length: INTEGER, width: INTEGER)
area — length * width
RETURN area

ENDFUNCTION

# Output the value returned from the function
OUTPUT{calculate_area(5,3))

= Defines a function called calculate_area
= |t takes two parameters: length and width, both of type INTEGER

= Alocalvariable areais declared and assigned the result of length = width

14
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= The function returns the result towhereverit wascalled from

Parameter passing

What is parameter passing?

= Parameter passingis the method by which values or references are givento procedures
or functions so they can use or modify data during execution

= Whenwriting procedures, you cancontrolhow parameters are passed using:
= BYVAL - pass a copy of the value (default behaviour)

= BYREF - pass the actual variable, so changes inside the procedure affect the original

Keyword What it does
BYVAL Passesacopy of the value (no change to original)
BYREF Passes areferenceto thevariable (can be modified)

= [f nokeywordisused,itis assumedto be BYVAL

= Functions should not use BYREF parameters - only procedures should

Example - Swapping two values (Procedure with BYREF)

PROCEDURE Swap(BYREF X : INTEGER, Y : INTEGER)
DECLARE Temp : INTEGER
Temp —X
XY
Y —Temp
ENDPROCEDURE

= Xispassed by reference, soitcanbe changed

= Yispassed by value, soany change to Yinside the procedure does not affect the
originalvalue

o

Worked Example

Avideo-conferencing program supports up to sixusers. Speech fromeach useris
sampledanddigitised (converted from analogue to digital). Digitised values are
storedinarray Sample.

The array Sample consists of 6 rows by 128 columns and is of type integer. Each row
contains 128 digitised sound samples from one user.

The digitised sound samplesfromeach user are to be processed to produce a single
value which will be storedin a 1D array Result of type integer. This process will be
implemented by procedure Mix().

15
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Aprocedure Mix() will:

= calculate the average of each of the 6 sound samplesina column
= ignore soundsample values of 10 or less
= store the average value in the corresponding positionin Result
= repeatforeachcolumninarraySample
The diagram uses example values toillustrate the process:

1 2 3 126 127 128
1 | 20| 20| 20 30|30 2
2 |20 20 30 so| 30| 3
3|20/ 20/ 20 40 | 40 | 4
Sl 4 [ 20 20 50 0| 50 | 20
5 20 3 5 5 €0 4
6 [ 20 4 - 4 [ 70 ] 30
1k - - 11l
Result: | 20 | 20 | 35 | [ 40 | 46 | 25 |

Write pseudocode for procedure Mix().
Assume Sample and Result are global. [6]
Answer

PROCEDURE Mix()
DECLARE Count, Total ThisNum : INTEGER
DECLARE ThisUser, ThisSample : INTEGER

FOR ThisSample — 170 128
Count— 0
Total — 0
FOR ThisUser —1TO 6
IF Sample[ThisUser, ThisSample] > 10 THEN
Count «— Count +1
Total — Total + Sample[ThisUser, ThisSample]
ENDIF
NEXT ThisUser
Result[ThisSample] — INT(Total / Count)
NEXT ThisSample

ENDPROCEDURE

= Declaration and initialisation before innerloop of Countand Total [1 mark]

= QuterLoop forl28iterations [l mark]

= |nnerloopfor sixiterations [1 mark]

= Testforsample > 10 inaloop [1 mark]

= andif true sum Total andincrement Count [1 mark]

= Calculate average value and assign to Result array after inner loop and within
outerloop [ mark]

= Use of INT()/ DIV to convert average to integer [l mark]
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