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Chapter 05 – Develop code  
Once an algorithm has been developed to solve a particular problem, it has to be coded into the programming 

language that the developer is using. This usually means that the written descriptions, flowcharts and pseudocode 

have to be converted into actual programming code. 

 

Algorithm and programs  
As you learnt in Unit 1, an algorithm is a precise method of solving a problem. It 

consists of a sequence of unambiguous, step-by-step instructions. A program is an algorithm that has been 

converted into program code so that it can be executed by a computer. A well-written algorithm should be free of 

logic errors and easy to code in any high-level language. 

Data types  

As you learnt in Unit 1, algorithms use variables (named memory locations) to store values. Variables have a variety 

of uses. For example, controlling the number of times a loop is executed, determining which branch of an IF 

statement is taken, keeping running totals and holding user input. 

 
When writing pseudocode, you don’t have to specify the data types of 

variables. However, data types become much more important once you start 

programming in a high-level language. This is because the data type of a 

variable determines the operations that can be performed on it. 

VARIABLE INITIALISATION  

When a variable is declared, the computer gives it a location in its memory. 

Initially, this location is empty, so before a variable can be used it has to be 

given a value. 
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If a variable, such as a loop counter, is intended to hold a running total, then it should always be initialised to a 

starting value. Some programming languages won’t execute if the programmer fails to do this; others will do so but 

may well produce some unexpected results. 

TYPE COERCION  

Sometimes the data type of a variable gets changed during program 

execution. This is known as type coercion. For example, if an integer 

value and a real value are used in an arithmetic operation, the result will 

always be a real. 
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Command sequence, selection and iteration  

In Unit 1 you learnt that the three key building blocks of algorithms are command sequence, selection and 

iteration. In this unit, you will have the opportunity to implement these constructs in the high-level programming 

language you are studying. 

 

 

RELATIONAL OPERATORS  

The relational operators are used to compare two values and in Python, Java and C# are all the same. 
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LOOPS  

A loop is another name for an iteration. Loops are used to make a computer repeat a set of instructions more than 

once. There are two types of loop: definite and indefinite.  
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A definite loop is used when you know in advance how often the instructions in the body of the loop are to be 

repeated.  

 

NESTED LOOPS  

A nested loop is made of a loop within a loop. When one loop is nested within another, each iteration of the outer 

loop causes the inner loop to be executed until completion. 

INDEFINITE ITERATION  

An indefinite loop is used when the number of times a loop will need to be repeated is not known in advance. For 

example, if you want to give a user the option of playing a game as often as they want. Indefinite loops are 

repeated until a specified condition is reached. 

 

Python  

For indefinite iteration, Python uses the ‘while’ loop – something is done while a condition is met. The following 

program asks a user to enter a number while the number is less than 20 

 

Java  

For indefinite iteration, Java uses a ‘while’ loop – instructions are repeated while a condition is met. The following 

program asks a user to enter a number while the number is less than 20. 

  

RANDOM NUMBERS  

Random numbers are commonly used in games of chance such as flipping a coin or rolling a dice. The aim is to 

make an event random. All high-level programming languages have functions to create random numbers. 
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Chapter 06 – making programs easy to read  
Developers usually work in teams and it is important that they understand how each other’s code and programs 

work, especially if there are errors that need correcting. Code should be written in standard ways and be explained 

using comments. 

Code readability  

You should always try to ensure that any code you write is easy to read and understand. We refer to this as 

‘readability’. This benefits you and anyone else who needs to understand how your programs work. It is surprising 

how quickly you forget. Try revisiting the programs you have already written in this unit and make sure it is still 

clear to you what they do and how they work.  
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Imagine how much more difficult it would be to make sense of a complex program with lots of variables, 

subprograms, nested loops and multiple selection statements. Programming is not a solo activity. Programmers 

usually work in teams, with each programmer developing a different part of the program. This only works if they all 

adopt a standard approach to writing readable code. 

 
The programmer who produced the program in Figure 2.2 did not follow good practice. There are a number of 

ways that the readability of this code could be improved.  

 

◼ Use descriptive names for variables (e.g. userChoice instead of Num1).  

◼ Add blank lines between different blocks of code to make them stand out.  

◼ Add comments that explain what each part of the code does. 

 

Table 2.5 lists the techniques you should use to make your programs easy to read and understand. 

 

Chapter 7 – Strings  
A character is one of the four basic data types. It can be a single letter, a symbol, a 

number or even a space. A sequence of characters is called a string. Although strings 

can contain different sorts of characters, including numbers, they are all treated as if they were text. 
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Starting indexing  

Each character in a string has an index number, with the first character at position 0. You can use the index to 

reference individual characters in a string.  

 

Therefore, the index position of the letter ‘m’ is 2, even though it is the third character, as shown in Table 2.6 

 

Length  

 

 

 

 

 

 

String traversal  
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Other ways to manipulate strings  

FINDING A CHARACTER WITH A PARTICULAR INDEX  

The index of a character is the position of that character within a string. Note that indexing starts at 0 not 1. This 

means the first character will have an index of 0 and the second character will have an index of 1. 
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CHANGING ALL CHARACTERS TO LOWER CASE 
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EXTRACTING CHARACTERS FROM A STRING 

 

CHECKING A PHRASE IN THE STRING  

These examples check to see if the string ‘Computer Science’ contains the strings ‘put’ and ‘PUT’: ‘put’ is a 

substring of ‘Computer Science’ but ‘PUT’ is not, so these examples will display ‘True’ then ‘False’. 
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CONCATENATION  

Concatenation involves joining two or more items of information together. Concatenating two strings produces a 

new string object. It is very useful when displaying text on screen.  

 

Chapter 8 – Data structure 
Data should be classified and organised into similar types so it can be easily 

searched and analysed. They are stored together in data structures, such as 

records and arrays. 

 

A data structure is an organised collection of related elements. There are many 

different data structures that can store multiple data items used in programming. 

You have already encountered one of them – strings. In this section we will 

investigate two more: arrays and records. 

Arrays  

An array is an organised collection of related values with a single shared identifier. All the elements in an array are 

the same data type. Each has a unique index value denoting its position in the array. 

 

PYTHON  

In Python, arrays are not commonly used. Instead lists are used but they are very similar in the way that they 

operate. Just like an array, a list is created by adding 

items, separated by commas, inside square brackets. 

 

JAVA  

Arrays are static data structures, which means that you 

can’t change the size of an array to make it bigger or 

smaller in order to add or remove values. 
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Records  

We have already said that the elements of an array must all be the same data type. In contrast, the record data 

structure stores a set of related values of different data types. 

 

Each element in a record is known as a field and is referenced using a field name. 

 

 

 

 

 

 

Chapter 09 Input / Output  
User input  

Most programs require some form of input either from a user or from a file. You already know how to receive user 

input from a keyboard. A program can be made much more ‘user friendly’ by displaying helpful messages informing 

users of what they are expected to enter and confirming successful input. 

Validation  

It is important to ensure that data entered by the user is valid, as invalid data can cause a program to behave 

unexpectedly or even stop altogether. If the data entered into a program is incorrect, the output it produces will 

also be wrong. This is sometimes called the Garbage In, Garbage Out (GIGO) principle. 

 

Any program that requires data entry should have appropriate forms of validation built in. But validation can’t 

guarantee that the data entered is correct. It can only make sure that it is reasonable. 
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LENGTH CHECK  

It is sometimes necessary to check that the length of a value entered falls within a specified range. For example, all 

UK postcodes are between six and eight characters long, so validation could be used to check that the length of a 

postcode entered is within this range. Needless to say, that doesn’t necessarily mean it is correct. 
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Testing validation rules  

Normal data – This is data that is within the limits of what should be accepted by the program. For example, a 

password with seven characters fulfils the validation rule that states that passwords must be between six and eight 

characters in length.  

 

Boundary data – This is data that is at the outer limits of what should be accepted by the program. For example, if a 

validation rule specifies that the range of acceptable values is >= 75 AND <= 100, then a value of 100 is at the upper 

limit and a value of 75 at the lower. 

 

Erroneous data – This is data that should not be accepted by the program. For example, a value of 0 should not be 

accepted by either of the validation rules given above. 

Working with text files  

The programs you have created so far haven’t required a huge amount of data 

entry, but imagine typing a set of test results for everyone in your computer 

science class. It would take a considerable amount of time to do and – even worse 

– when the program terminates, all of the data will be lost. Should you need to use 

it again you’d have to re-enter it. This is where storing data in an external file 

comes in really useful. If the data you enter is stored in an external text file you 

can access it as often as you like without having to do any further keying in. 
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Chapter 10 – Subprograms  
Function  
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Subprograms and Menues  

Functions and procedures are useful when using menus in a program. When a user selects a menu option, they can 

be sent to a particular function or procedure. 

The benefits of using subprograms  

Repeated sections of code need only be written once and called when necessary. This shortens the development 

time of a program and means that the finished program will occupy less memory space when it is run.  

If changes have to be made at a later date it is easier to change a small module than having to work through the 

whole program. In large development teams different members can be working independently on different 

subprograms. They can use and develop standard libraries of subroutines that can be reused in other programs. 
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Built in functions  

In addition to user-written subprograms, most high-level programming languages 

have a set of built-in functions for common tasks. These are designed to save the 

programmer time, such as functions that print, count the number of characters in 

a string and generate random numbers. 

Chapter 11 – Testing and evaluation 
Logic errors  

Logic errors occur when the thinking behind an algorithm is incorrect so that the output isn’t what is expected or 

intended. Ideally, logic errors should be identified and fixed at the design stage. The following algorithm is intended 

to work out whether a learner has passed a test. Learners need a score of 80 or above to pass. However, a logic 

error in the algorithm means that it produces an incorrect and unexpected result. 

 

TRACE TABLES  

The formal way of checking the logic of an algorithm is to use a trace table. 

Syntax errors  

Syntax errors occur when the grammar rules of a programming language are not followed. They prevent the code 

from being compiled or translated. Examples of syntax errors are:  

◼ writing ‘prnit’ instead of ‘print’  

◼ missing out a closing bracket  

◼ missing out quotation marks 
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Using an integrated development environment (IDE) 

You probably already have fi rst-hand experience of using an Integrated Development 

Environment (IDE) when writing code. It’s defi nitely worth taking some time to get to know the 

IDE that comes with the language you are using.  

 

 

 

 

THE TEST PLAN  

At the start of a programming project, it is crucial to make a list of the requirements that the program is expected 

to meet. Throughout the development phase of the project, you should regularly refer back to this list of 

requirements to check that you are on track to achieve them. 
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Testing is just as important as writing code because it ensures that the finished program works correctly and fully 

meets the requirements. You should use a ‘bottom up’ approach to testing (i.e. test each subprogram as you 

develop it and then test the whole program once it is finished). Here is the completed test plan for the grade 

calculator program. 

 

Evaluating programs  

You need to be able to identify the 

strengths and weaknesses of your own 

programs as well as those created by 

other programmers. This will enable 

you to identify techniques that work 

well and aspects that could be 

improved. 
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Revision questions  
(2023 June) 

1. Programs are used to handle financial transactions. 

a. Monthly account statements are created by a program. 

Figure 1 shows a statement. 

 
Complete the table to identify an input, an output and a process used by the program to generate the furthest 

right column. 

 
(b) A tax rate is applied to a gross value to give a net value. 

Open Q01b in the code editor. 

Use the code to answer these questions. 

(i) Give the contents of a comment. (1) 

(ii) Identify a logical operator used in this program. (1) 

(iii) Give the name of a global variable. (1) 

(iv) Give the name of a constant. (1) 

(v) Give the name of a parameter. (1) 

(c) Variables and constants are used in program code. 

(i) State the purpose of a constant. (1) 

(ii) Give one benefit of using a constant. (1) (Total 10) 
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2).  Solutions to problems are made up of many different components. 

(a) Programmers use subprograms when developing code. 

 

(i) Give two reasons to use subprogram libraries when developing code. (2) 

(ii) Identify which one of these must return a result. (1) 

☐ A Function 

☐ B Iteration 

☐ C Procedure 

☐ D Selection 

 

(iii) State what is meant by the term local variable. (1) 

(b) A school is planning a fish and chip dinner for the students and their families. 

 

(i) Tickets are only sold to families. 

A family is one to four adults and one to six children. 

A program is being written to help manage ticket sales. 

Complete the table to show examples of normal, boundary and erroneous numeric test data for the program. (3) 

 
ii) The kitchen staff use a program to determine whether they have enough chips or how many more they need to 

order. 

 

Open Q02bii in the code editor. 

There are four errors in the code. 

Amend the code to correct the errors. 

Use this test data to help you find the errors. 

(3) 
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Save your amended code as Q02biiFINISHED with the correct file extension for the programming language. 

(11 Marks) 

 

3).  Algorithms can be represented in flowcharts, pseudocode or program code. 

(a) Trace tables can be used with flowcharts or pseudocode. Give two characteristics of a trace table. 

  

(b)An algorithm has been written to validate numbers entered by the user. 

Figure 2 shows the pseudocode for the algorithm. 

 

 



www.focuscollege.lk  +94 74 213 6666  
   

33 
 

(c) A program is required to calculate the result of raising one integer (the base) to the power of    another (the 

exponent). 

Figure 3 shows a flowchart for the algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The program has these requirements: 

• outputs meaningful error messages 

• outputs the final answer with the base and the exponent. 

Open Q03c in the code editor. 

Write a program to implement the logic in the flowchart. 

Do not add any further functionality. 

Save your code as Q03cFINISHED with the correct file extension for the programming language. (10) 

(Total for Question 3 = 15 marks) 
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4. A program is needed to create a key for a database. 

A user enters a two-letter word, a whole number and a decimal number. 

The program must ensure the word is only two characters long. 

The program must display an error message when the word is not two characters long. 

A key is generated from the whole number, the reversed word and the whole number part of the decimal number. 

Figure 4 shows the input values and a valid key. 

 
Open Q04b in the code editor. 

Write the program. 

Do not add any further functionality. 

Save your code as Q04bFINISHED with the correct file extension for the 

programming language. (8) 

 

5. A marine scientist is conducting a study of tuna in the world’s oceans. 

(a) A list of tuna species needs to be sorted into descending alphabetical order using a merge sort algorithm. 

Figure 5 shows the lists created at the end of the splitting process. 

 
Each list is a single tuna species. 

It will require three passes to merge the lists into a single sorted list in descending order. 

Complete the merge sort using the space provided. (8) 
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(b) A bubble sort could be used to sort the list of tuna species into ascending order. 

Figure 6 shows an algorithm for a bubble sort. 

 
c. The scientist is collecting and storing data about tuna. 

   

The data collected is: 

• species 

• length in centimetres 

• weight in kilograms 

• age in years. 

The data is stored in an array. 

The collected data needs to be written to a file named TunaData.txt 

Each record stored in the file must have a code number in the first field. 

Code numbers must start at 101 

Each field in a record should be separated by a comma. 

Figure 7 shows the contents of the file. 
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Open **Q05c** in the code editor.  

Write the program.  

You must use the structure given in **Q05c** to write the program.  

Do not add any further functionality.  

Save your code as **Q05cFINISHED** with the correct file extension for the programming language. (6) 

(Total for Question 5 = 10 marks) 

 

6. An agricultural college has a herd of dairy cows. 

Data collected for the cows is stored in arrays. 

The data stored is: 

 

• the name of the breed 

• the ease of care rating for that breed (1 is highest and 3 is lowest) 

• the number of cows in the herd of that breed 

• the volume of milk per day for a cow of that breed. 

 

The college wants to present the data to farmers and to recommend the best breed of cows for them. 

The best breed has the highest care rating and the largest volume of milk per day for a cow of that breed. 

Open the file Q06 in the code editor. 

 

Write a program to: 

• calculate the daily volume of milk produced by each breed 

• add this daily volume to the data structure tbl_dailyVolume 

• display a message informing the user what each field holds, such as breed, rating, volume per cow, count and 

total volume 

• display the data for each breed 

• calculate and display the total volume of milk produced each day by the herd 

• find the recommended breed 

• display the recommended breed by name. 
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2022 June 

 

1).  Programmers write code to solve problems. 

(a) Identify the description of a variable in a computer program. (1) 

• A A value that cannot be used more than once 

• B A value that must be input 

• C A value that is always used in a calculation 

• D A value that can change 

 

(b) Identify the technique that improves the readability of code. (1) 

• A Using indents on every line 

• B Using descriptive names for variables 

• C Using the correct operators 

• D Using suitable data structures 

 

(c) Complete the table by giving an example value for each data type.   

The first row has been completed for you. (2) 
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(d) Describe one difference between the data used in boundary testing and the data 

used in erroneous testing. (2) 

 

(e) A program should output the value 2 

However, there is an error in the code and the actual output is 4 

Name this type of error. (1) 

 

(f) Open Q01f in the code editor. 

The program should allow the input of the length of the side of a square and output the area of the square.  

There are three errors in the code. 

Amend the code to correct the errors. 

Save your amended code as Q01fFINISHED with the correct file extension for the programming language. (3) 

 

(g) A program is needed that will accept the input of a letter and compare it with a stored letter. 

It will check whether the letter comes earlier in the alphabet, later in the alphabet or is the same letter as the 

stored letter. 

 

It will output the letter and the stored letter with an appropriate message. 

Open Q01g in the code editor. 

 

Amend the code to complete the if statement used to produce the output. 

You must use the structure given in Q01g to complete the program. 

 

Do not add any further functionality. 

Save your code as Q01gFINISHED with the correct file extension for the programming language. (4) 

(Total for Question 1 = 14 marks) 

 

2). Raza is writing a program to tell the user whether a number they input is a prime number. 

A prime number is a whole number, larger than one, that can only be divided by one and itself with no remainder. 

This pseudocode contains the logic required to complete the program. 
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(a) Answer these questions about the pseudocode. 

 

(i) Identify a line number where selection starts. (1) 

 

(ii) Identify the line number where iteration starts. (1) 

 

(iii) Identify a line number where a string and a number are printed on the same line. (1) 

 

(iv) Identify the name of a local variable. (1) 

 

(v) Identify the name of a parameter. (1) 
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(b) Write a program to implement the logic in the pseudocode. 

Open Q02b in the code editor. 

 

Write the program. 

You must use the structure given in Q02b to complete the program. 

Do not add any further functionality. 

 

Save your code as Q02bFINISHED with the correct file extension for the programming language. (11) 

(Total for Question 2 = 16 marks) 

 

3).  Manjit sells copies of a science textbook to schools. 

She needs a program to process textbook orders. It must: 

 

• accept the input of the number of textbooks required 

• generate the price per textbook 

• generate the total cost of the order 

• display the price per textbook and the total cost of the order. 

The price of one textbook depends on the number ordered: 

 
Open Q03 in the code editor. 

Write the program. 

You must use the structure given in Q03 to complete the program. 

Do not add any further functionality. 

Save your code as Q03FINISHED with the correct file extension for the 

programming language. 

 

(Total for Question 3 = 6 marks) 

 

4). Julia runs a computer gaming club. 

(a) She wants a program to check passwords stored in a file. 

The file passwords.txt contains the list of passwords. 

The program must: 

 

• check each password to ensure that: 

• the first character is an uppercase letter 

• if it is, that it also includes at least one digit (0-9) 

• if a password does not meet these requirements: 
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• display the password 

• increment the number of incorrect passwords 

• display the total number of incorrect passwords after all the passwords have been checked. 

 

Open Q05a in the code editor. 

Write the program. 

 

You must use the structure given in Q05a to write the program. 

Do not add any further functionality. 

 

Save your code as Q05aFINISHED with the correct file extension for the programming language. (9) 

 
Figure 3 

   

(i) Julia uses a bubble sort algorithm to sort the scores. 

Complete the table to show how the bubble sort algorithm will sort the scores. 

You may not need to use all the rows. 

 
(ii) Explain one reason why a bubble sort is very efficient in terms of memory usage. (2) 

(Total for Question 5 = 17 marks) 

 

5).  

Carlos wants you to create a guess the animal game. 

Open Q06 in the code editor. 

The code contains an array of animals. 

It also contains a function that randomly selects an animal from the array. This is the secret word the user needs to 

guess. 

Carlos wants the program to: 

 

• generate the number of attempts the user has to guess the secret word. 
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The maximum number of attempts is the length of the secret word +3. For example, the user has 8 attempts to 

guess when the secret word is tiger 

 

• keep track of letters from incorrect attempts that are in the secret word and those that are not. There should be 

no duplicated letters 

 

• display a message telling the user: 

 

• the number of letters in the secret word 

 

• how many attempts they have left 

 

• force the user to input a word that is the same length as the secret word 

 

• check whether the input word matches the secret word: 

 

• if the words match then a message that includes the secret word and the number of attempts taken to guess it is 

displayed 

 

• if the words do not match then: 

 

• letters from the attempt that appear in the secret word should be added to the correct letters store 

 

• letters from the attempt that do not appear in the secret word should be added to the wrong letters store 

 

• the contents of the correct and wrong letter stores are displayed 

 

• allow the user another attempt until they have guessed the 

word or have run out of attempts 

 

• display a message telling the user the game is over including 

the random word if the maximum attempts have been taken 

and the word has not been guessed. 

 

Figure 4 shows the contents of the correct and wrong stores 

after two attempts to guess the secret word cow. 

 

 

 

 

Your program should include at least two subprograms that you have written yourself. 

You must include comments in the code to explain the logic of your solution. 

Save your code as Q06FINISHED with the correct file extension for the programming language. 

(Total for Question 6 = 20 marks) 

 


