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Learning outcomes

Summaries of the knowledge outcomes that you need to learn in each content area.
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Tips and advice to help you in the workplace.
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Important point

Important points that you need to be aware of.
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Activity

Short activities that encourage you to apply the knowledge and skills covered in the Student Book.
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Research

Research-based activities – either stretch-and-challenge activities, enabling you to go beyond the course, or industry placement-based activities encouraging you to discover more about your placement.
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Case study

Scenarios that place content into real-world contexts.

[image: ]






[image: ]

Test yourself

Short questions designed to test your knowledge and understanding.
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Assessment practice

Knowledge-based practice questions to help you to prepare for the core exams.
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Skills practice

Short scenarios and focused activities that allow you to apply the skills you have learned in each content area.
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Content area 1: Problem solving
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Problem-solving skills can be used to analyse problems. This will lead to solutions which can then be developed into code for digital systems. Computational thinking, which you are going to explore in this content area, provides a framework for the ways in which a problem can be solved.

You will also learn about the different approaches that can be applied to problem solving and how these can lead to the creation of algorithms to define the processes. There are different methods of creating algorithms including flowcharts, written descriptions, pseudocode and program code. You will learn how they can be used to create algorithms, as well as exploring the advantages and disadvantages of each method. You will also learn about the different representations of each algorithmic method and how to use them to create an algorithm that accurately represents a problem.

It is very important that algorithms are correct, solve the problem and produce the correct, and expected, output. You will learn how a visual check and trace tables can be used to ensure that the created algorithm is fit for purpose, providing a clear and robust design to inform the coding of the solution to the problem.
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Learning outcomes

In this content area you will learn about:


	1.1  Computational thinking

	1.2  Algorithms
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1.1 Computational thinking

By applying computational thinking to an overarching problem, you can understand what the problem is, and what it consists of, to help you develop a possible solution. The solutions to the problem can be shown in ways that a digital system, a person, or both, can understand.


1.1.1 Using top-down, bottom-up and modularisation approaches to solve problems

When solving problems related to the use of digital systems there are three main approaches that can be taken:


	•  top-down

	•  bottom-up

	•  modularisation.




Top-down approach

The top-down approach is a technique used to solve problems where the problem is broken down into smaller and smaller problems, modules, until an easily solved problem is defined.

This means that the top-down approach divides a complex problem into multiple smaller parts which can then be used to code the associated modules. Each module is decomposed until the final module(s) cannot be further decomposed. This approach uses a stepwise process to break a large problem into simpler and smaller problems, modules, to organise and code the software program in an effective and efficient way. The flow of control in this approach is always in the downward direction.

The top-down approach is usually represented as a tree structure as shown in Figure 1.1.


[image: ]

Figure 1.1 A top-down approach (left) and a bottom-up approach (right)



Each level in the top-down approach shows a different level of detail (abstraction) with the top level, level 1, showing the greatest level of abstraction. Using the top-down approach, it is possible to break a problem into detailed sub-problems. The top-down approach begins with the abstract problem and refines the problem by decomposition until no more decomposition can be carried out.
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Key terms

Computational thinking: a problem-solving method using computer science techniques, where possible solutions are developed and presented in a way that can be understood by humans and computers.

Decomposition: breaking a complex problem into smaller sub-problems.

Abstraction: the process of removing or filtering characteristics that are not needed, in order to focus on essential characteristics.
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Bottom-up approach

The bottom-up approach is the opposite of the top-down approach (Figure 1.1). The process starts with the smallest part, module, of the problem. These are then combined to move up a level and this then carries on until the complete problem is solved. The combination of the modules is called integration.

Table 1.1 shows the main differences between the top-down and bottom-up approaches.




	 
	Top-down
	Bottom-up





	Concept
	Splitting

(Breaks the massive problem into smaller sub-problems)
	Merging

(Solves the fundamental low-level problems and integrates them into a larger one)



	Redundancy
	Contains redundant information
	Redundancy can be eliminated



	Programming languages
	Structure/procedural-oriented programming languages (e.g. C)
	Object-oriented programming languages (e.g. Python, Java)



	Main use
	Module documentation, test case creation, code implementation and debugging
	Testing





Table 1.1 Features of top-down and bottom-up approaches to problem solving



Modularisation approach

The modularisation approach aims to break a problem into different components, or modules. Most problems are not one big problem but are a collection of different tasks, modules, which are independent and can be separated. A big problem can seem daunting but by breaking it into smaller tasks, modules, the problem can become more manageable and solvable.

All these modules work together to provide a solution to the initial problem. A module can be seen as a subprogram where the main program ‘calls’ each module. This is a strategy often utilised in object-oriented programming languages.
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Activity

Split into three groups. Each group should choose a different problem-solving approach: top-down, bottom-up or modularisation.

You want to make a cooked dessert as a treat for your family. Using your group’s chosen approach, produce a document showing the steps that should be taken.

Each group should then present their solutions.
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Test yourself


	1  What is computational thinking?

	2  How is the top-down approach usually represented?

	3  What does the top-down approach begin with?

	4  What type of programming languages use the bottom-up approach?

	5  What is the combination of modules called?

	6  What is the aim of the modularisation approach?
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1.1.2 Decomposing problems

There are four techniques, also known as pillars, that can be utilised as part of computational thinking. These are:


	•  decomposition

	•  pattern recognition

	•  abstraction

	•  algorithms.



Decomposition is one of the techniques involved in the process of computational thinking.
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Figure 1.2 The four techniques, or pillars, of computational thinking



Decomposing a problem is the technique of breaking a complex problem or system into smaller, more manageable separate parts. These can also be called modules when the solution is being created.

Once the problem has been broken down, its separate parts can be understood independently. This also means that the parts can then be developed separately to solve the initial problem. Each part can also be evaluated, or tested, when a program has been developed. Using decomposition makes complex problems easier to solve, and large digital systems easier to design and create.

Solving a complex problem as a whole may seem very difficult. However, the solution to each decomposed part may be much simpler. When all the parts are solved, these solutions can be put together. This will provide a solution to the initial problem.

Decomposing problems is a skill that is needed in many different job roles including project management and software design. When a project is being planned, the initial project is broken down into many different subtasks which have to be completed to complete the project.
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Activity

You have been asked to plan a trip to Bletchley Park for your teaching group. Split into smaller groups of three or four. Plan the trip and create a digital communication to show all the tasks and subtasks which would be needed. Each group should present their plan.

Was everything included to make the trip a success? Identify any tasks or subtasks that were forgotten, considering the impact these omissions would have on the trip.
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The top-down approach to problem solving uses decomposition. This is because the initial problem is broken down until no more decomposition can be carried out. When decomposition is complete, each sub-problem should be at the same level of detail and able to be solved on its own. Once coded, the modules are then combined to solve the initial problem.
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The top-down approach was covered in section 1.1.1 of this content area.

[image: ]





Advantages and disadvantages of decomposition

The advantages of using decomposition to analyse, plan and create a digital solution include that:


	•  Different people can work on the different sub-tasks, modules, which can then be integrated to make the final solution.

	•  Maintenance of the final software solution can be completed at modular level.



The disadvantages of using decomposition to analyse, plan and create a digital solution include that:


	•  The sub-problem modules may not combine to solve the initial problem.

	•  If the initial problem is not fully understood, then it can be difficult to decompose.





The four steps of decomposition

When decomposing a problem ready for coding there are four steps that should be carried out:


	1  Identify and describe the problems and processes – the problems should be identified and described. It is important that at this stage the technical terms used should match the sector the problem relates to. For example, if the problem relates to the retail sector then terms related to the retail sector should be used.

	2  Break down the problems into separate tasks – this stage begins to decompose the problem. It is usual to use the top-down approach as the problem is known. There is no limit on the number of tasks and subtasks that can be identified. What is important is that the problem is decomposed until it can be decomposed no further. It is also important that the final decomposition should only include tasks and subtasks that fully relate to the initial problem.

	3  Describe the tasks and subtasks – this stage requires documentation to be created that relates to the decomposition. The documentation produced should be clear and concise to enable a third party to implement the solution to the problem.

	4  Communicate – most software solutions are coded by a team of people. When a problem has been decomposed it is possible that each person will take responsibility for coding a specified task or sub-tasks – also known as modules. When the modules have been coded then they can be bolted together to provide a solution to the given problem.
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You will learn about the different sectors of business in Content area 5, section 5.1.1.
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Test yourself


	1  What is decomposition?

	2  What are modules?

	3  How does the top-down approach use decomposition?

	4  Identify one advantage and one disadvantage of decomposition.
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1.1.3 Using pattern recognition

When a problem has been decomposed into the smallest sub-problems, it is often possible to identify patterns. Patterns can be found everywhere. For example, every school and college has a timetable showing lessons, teachers, rooms, days and times. This is an example of a pattern. This is because the timetable runs for an academic year and does not change over the year.
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Research

To understand pattern recognition, it is best to start by thinking about things in a non-digital context. Investigate the artist M.C. Escher. How does the artist use patterns in their work?

[image: ]




The identification and recognition of patterns – things that are common between problems or programs – is one of the pillars of computational thinking. Patterns can help to solve complex problems more efficiently.

There are patterns that are used in many situations. For example, Morse Code was used during World War 2 and for communication between ships.
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Research

Binary uses a pattern of 1s and 0s to represent each letter of the alphabet. Find the patterns that are used in binary to represent each letter. Write a phrase in binary. Share your phrase with your group and ask them to decipher it.
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Continuing work done by Polish code breakers shared with the UK, the code breakers at Bletchley Park, including Alan Turing, deciphered the coded messages which had been ciphered by the Enigma Machine. The Enigma Machine used different ciphers to convert each message into code. Each cipher had a pattern and it was the recognition of these patterns that provided the initial breakthrough when identifying the cipher used for each message.
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Research

Research the Enigma Machine and how the cipher was cracked by Alan Turing and the team at Bletchley Park. Create a digital communication to present the results of your research.

[image: ]




Pattern recognition can also be used in a range of emerging technology applications. For example, facial recognition, voice recognition software and automated transport. These applications use predefined and pre-learned patterns to process the inputs and produce outputs.
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Key term

Facial recognition software: software that can identify or confirm someone’s identity using their face in a photo, video or in real time.
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Research

Select an emerging technology application. Investigate how the application uses patterns and its advantages and disadvantages. Discuss your findings with the rest of your teaching group.
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By identifying and recognising patterns, it is possible when coding to locate a pre-existing module of code.

There are five main steps to identifying and recognising patterns when beginning to code.


	1  Identifying and interpreting common elements in problems or systems – when a common pattern has been identified, there is more than likely going to be an existing solution to the problem. For example, a search can be carried out for a specific customer in a customer database. The process of searching a database varies slightly depending on the type of database, the number of records or the purpose of the database.

	2  Identifying and interpreting common differences in problems or systems – using the customer database example, all customer databases store records of customers. What information is held about the customers and how the information is recorded may be different, but the purpose of the databases is the same – to store information.

	3  Identifying individual elements in the patterns – the elements can be input, process or output. For example, the customer database may record the number of times a customer has placed an order. These orders may be recorded as a number or by recording the date each order was placed. The inputs are different but the process of calculating the number of times is the same.

	4  Describing patterns that have been identified – when a pattern has been identified, then it needs to be described. The pattern may be new or one that occurs several times.

	5  Making predictions based on identified patterns – when a pattern has been identified then a decision can be made about using it multiple times in code or reusing it in a different program.



When the patterns have been identified, it is usually only the specific details that need to be changed within any module of code.
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Test yourself


	1  What is pattern recognition?

	2  What would be the result of not identifying patterns when starting to code?

	3  How do emerging technology applications use pattern recognition?

	4  Identify and describe one step used in identifying and recognising patterns.
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1.1.4 Using abstraction


Identifying necessary information and filtering out the unnecessary

Abstraction is the process of removing or filtering characteristics that are not needed, in order to focus on essential characteristics.

A well-known example of abstraction is the London Underground map.
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Figure 1.3 The London Underground map is an iconic visual representation used by millions of people to plan their journeys



By looking at the map, it is possible to plan a journey, know how many stations will be visited and if changes of line need to be made and where. It is not necessary to know how many miles the journey will take or where each station is in relation to the next – these have been filtered out of the map during the process of abstraction.

By carrying out abstraction it enables a general idea of what a problem is and how it can be solved. The process removes specific detail and patterns that do not help you to solve the problem. If abstraction is not carried out, then it is possible that an incorrect solution to the problem may be provided.

Abstraction provides a general idea of the problem rather than focusing on specific details. This general idea is known as a model. By carrying out abstraction the complexity can be reduced while the efficiency can be increased.

Table 1.2 shows the difference between specific and general detail, using the example of making a casserole.




	General
	Specific





	A casserole needs ingredients.
	It is not required to know what ingredients.



	Each ingredient has a required quantity.
	It is not required to know the quantity of each ingredient.



	A casserole needs to be cooked for a long time.
	It is not required to know the cooking time.





Table 1.2 General versus specific
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Research

Produce a table showing specific and general details for driving a car. Compare your results with the rest of your teaching group.
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Creating layers of abstraction

Each layer of abstraction hides the complexity of the layer below. This means that the top abstraction layer hides all the complexity of the problem. There are two main steps involved in abstraction.


	1  The information needed to solve a given problem needs to be identified as, without this, the solution may not solve the problem. It is also important to know and understand why this information is needed. The required format of the information should also be considered.

	2  Carry out abstraction to filter out the unrequired information. This means that only the information required will be considered. Anything else will be a distraction to the process. It is also important to know and understand why information is required and not required.



Each layer of abstraction needs to be complete. This means that each layer should show:


	•  the inputs – what is inputted into the digital system at that level. This could include validation, and the format of the input, for example currency shown to two decimal places

	•  the outputs – how and in what format the output will be given. For example, a printed document showing specified data and information or on-screen output. This is usually specified by the client

	•  variables – these are values that will change. Variables usually change as a result of an input by an end user or of a calculation being carried out

	•  constants – these are values that do not change. A constant could be, for example, a fixed delivery price

	•  key processes – these are the actions, processes, that the layer must carry out

	•  repeated processes – these are processes that are carried out several times in a digital system.
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Key terms

Variables: in the context of abstraction, these are values that will change usually as a result of an input or of a calculation being carried out.

Constants: values in a program that do not change when the program is being executed or run.
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Activity

Create the lowest abstraction level for a digital system that can be used to calculate the costs of a school prom, including inputs, outputs, variables and constants. The output of the system should be the cost of a ticket to the prom and how much profit would be made.
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Test yourself


	1  Why is abstraction important?

	2  What is the aim of abstraction?

	3  What happens to the efficiency when abstraction is carried out?

	4  Identify one step carried out in the process of abstraction.

	5  What is a variable?
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1.2 Algorithms

You are going to explore the different approaches that can be applied to problem solving and how these can lead to the creation of algorithms to define the processes. There are different methods that can be taken to create algorithms. You will learn about how flowcharts, written descriptions, pseudocode and program code can be used to create algorithms, including the advantages and disadvantages of each.

Each algorithmic method has defined representation. There are, for example, a set of symbols that are used when creating a flowchart. You will learn about the different representations that are used and how to use these to create an algorithm that accurately represents a solution to a problem.

It is very important that algorithms are correct, solve the problem and produce the correct, and expected, output. You will learn how a visual check and trace tables can be used to ensure that the created algorithm is fit for purpose and, when combined with the other pillars of computational thinking, provides clear and robust design to inform the coding of the solution to the problem.


1.2.1 What algorithms are and how they are expressed



1.2.4 The purpose of a given algorithm and how it works

An algorithm is defined as a plan, or a well-defined set of step-by-step instructions, to solve a problem. Algorithms are the basis on which all software is created. An algorithm is language independent. This means that step-by-step instructions can be implemented with the expected output being the same irrespective of which language is used.

An algorithm must:


	•  be clear with clearly defined steps

	•  have clearly defined inputs and outputs

	•  be simple, generic and practical

	•  be language independent.



The advantages of algorithms include:


	•  They are easy to understand by anyone.

	•  They are a step-by-step representation of a solution to a given problem.

	•  The initial problem is broken down into steps, which means it is easier to convert into code.



The disadvantages of algorithms include:


	•  Creating a complete algorithm can be time consuming.

	•  Some constructs can be difficult to represent.



An algorithm can be represented as a flowchart, written description, pseudocode or program code. You are going to explore each of these.


Flowcharts

A flowchart is a graphical diagram that represents an algorithm which can be used to solve a problem.

The advantages of flowcharts include:


	•  The flow of the program can be seen clearly.

	•  Flowcharts are created using a standardised set of symbols so can be interpreted and understood by many people.



The disadvantages of flowcharts include:


	•  With a large, complicated program the flowchart can become very large and difficult to follow.

	•  Changes to the design may result in the flowchart being amended or redrawn.





Written descriptions

Written descriptions are generally written in a natural language or plain English language. Unlike flowcharts, pseudocode and program code, there is no defined format for this method of algorithmic representation. A written description should be easy to understand and contain little, if any, specific detail. It is often better to use very short sentences. It is important, however, that all parts of the final decomposition of the problem are included.

The advantages of using a written description include:


	•  There is no formal syntax, so many people can create a written description.

	•  It is automatic and natural to use ‘proper’ English.



The disadvantages of using a written description include:


	•  the temptation to create a complete description

	•  failure to include every step required.
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Key term

Syntax: in the context of algorithms, these are the structure of statements.
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Pseudocode

Pseudocode is an informal programming description showing the flow through the process. Pseudocode is written in a format that is similar to the structure of a high-level programming language. Pseudocode provides an outline of what the resulting program should achieve.

Pseudocode has its own syntax, some of which is very similar to many actual programming languages. Pseudocode algorithms will not run unless they are converted into an actual programming language.

The advantages of using pseudocode include:


	•  The pseudocode can be converted into programming code with minor changes to obey the syntax rules of the programming language.

	•  It can be easy to follow and understand even if errors are present in the pseudocode.

	•  Unlike using a flowchart, changes can be implemented quickly.

	•  It can act as a link between the algorithm and the final program.

	•  It explains the purpose of each line of code, so if the pseudocode is fully complete and detailed, the creation of the final code should be uneventful and meet the needs of the client.



The disadvantages of using pseudocode include:


	•  It can be as time consuming to write clear and well-structured pseudocode as it is to write the final programming code.

	•  It can be difficult to see the logical flow of the program.
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Industry tip

There are many different variants of pseudocode. Each organisation may use a different variant. The pseudocode you should use during this course is defined in Appendix 2 of the qualification specification.
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Program code

Program code is usually considered to be the code written to solve the problem which follows the rules of the selected programming language. However, program code can also be used to create an algorithm. In this situation the code is known as ‘draft program code’.

Errors can be evident in the draft code as this will not be used to run the final programming code. What is important is that, as with other algorithmic techniques, the meaning is clear and it can be followed.

The advantages of using programming code include:


	•  It is very probable that the person creating the algorithm will have some programming knowledge.

	•  It is not necessary to use the correct syntax.

	•  All the required constructs will be available to be included in the draft code.



The disadvantages of using programming code include:


	•  It is easy to begin creating draft code but end up creating the final program code.

	•  Full decomposition may not be completed.
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Research

Find one more advantage and disadvantage for each of the algorithmic representations. Discuss your findings with the rest of your teaching group.
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Each algorithm will have a purpose which will be the problem to be solved. There are a number of methods that can be used to ascertain the purpose of an algorithm. If the algorithm is simple, then it can be straightforward to determine the purpose. But if the algorithm is more complicated, then a trace table can be used. A trace table is a tool that can be used to dry run the algorithm.

Dry running an algorithm means to use values for the variables used in an algorithm and to trace, or run, the processing before beginning to code.

A trace table can allow the values assigned to the variables to be recorded.
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Key term

Trace table: a tool used to test or dry run algorithms to make sure no logical errors occur while calculations are being processed. Each column represents a variable and the rows represent the numerical input and the output of the variable.
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The simple pseudocode algorithm shows the multiplication of a user input up to its 7th value. NUM represents the user input to be multiplied up to the 7th value.

The user inputs a value of 8 for NUM. The trace table shows the values that would be output by the algorithm.


[image: ]





	NUM
	number
	Output





	8
	1
	  8



	 
	2
	16



	 
	3
	24



	 
	4
	32



	 
	5
	40



	 
	6
	48



	 
	7
	56





By using a trace table, it can be confirmed that the logic and processing in the algorithm is correct.

Many software programs have elements which perform the same task. This means that some algorithms follow patterns that can be recognised. These are usually referred to as standard algorithms. These types of algorithms follow a set pattern and are usually connected with searching and sorting data.
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Key terms

Search: examine data to find a specified value.

Sort: put a data set into a specified order.
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Standard searching algorithms include linear and binary searches, while standard sorting algorithms include bubble and merge sorts.
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Searching and sorting methods are covered in Content area 2, section 2.4.6.
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Many programming languages have libraries of pre-written and defined code that can be used. This means that algorithms can use standard elements from the libraries.

There are advantages of using code from a library. One is that it saves development time when creating the code. This will also save testing time as the pre-written code will have been used and tested by many different people. Another advantage is that the pre-written code will be optimised, meaning that the code will be efficient and free of any errors.

The main disadvantage of using code from a library is that it may not be exactly what is required. This will mean that the code will need to be edited, so taking more time. It may be quicker, in this case, to write the code from scratch. By doing this, it can be guaranteed that the code will meet the exact requirements.

It is sometimes difficult to integrate pre-written code into other code. You may need to edit to ensure that, for example, any variable names or the data types used are consistent.
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More on using pre-written code in Content area 2, section 2.5.1.
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Research

Find standard pseudocode algorithms for a bubble sort and a linear search. Compare your results with the algorithms found by the rest of your teaching group. What are the similarities and differences?
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A visual check can also be used to determine the purpose of the algorithm. Looking at the simple pseudocode algorithm it is clear that this solves a maths problem, and that multiplication is involved. This is shown by the use of the * operator and the loop that shows how many numbers should be output before the code stops.
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Activity

Using the pseudocode for the bubble sort and linear search you found, carry out a visual check. For each pseudocode create a written description algorithm. Could the pseudocode be made more efficient?
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Test yourself


	1  What is an algorithm?

	2  Identify one advantage and one disadvantage of using an algorithm.

	3  Identify two ways algorithms can be represented.

	4  What is meant by the term ‘language independent’?

	5  What is meant by the phrase ‘completing a dry run’?

	6  How can a trace table be used to check the logic and processing of an algorithm?
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1.2.2 Express an algorithm using flowcharts and pseudocode, and understand how to use these when planning a digital solution



1.2.5 Determine the correct output of an algorithm



1.2.6 Identify and correct errors in an algorithm

A flowchart makes use of a standardised set of symbols which are connected by lines showing the flow of the algorithm. Flowcharts are used to visually show the steps in a process. They should be simple and free from any difficult to understand terminology or technical jargon.

There are many sets of flowchart symbols but the set to be used in this course are shown in Table 1.3.

Pseudocode can use many different sets of syntax. In this course the syntax you will use is provided in the qualification specification in Appendix 2.

The syntax provided shows, for example, data types, constants, data structures, identifiers and comments. Comments can be used to explain the process shown in the pseudocode.
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Data types are covered in Content area 6, section 6.2.1.
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	Symbol
	Meaning
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	The start and end of the flowchart
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	A process that has to be carried out
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	A sub-process
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	A decision – this must have 2 outputs: true/false, yes/no
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	An input or output



	

[image: ]


	A connection – used to link parts of a flowchart that cannot be easily connected, for example when the flowchart goes onto a different page



	

[image: ]


	The flow of the algorithm – arrows are used to show the direction of the flow





Table 1.3 Symbols used in flowcharts and their meanings
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Activity

Create a flowchart to add six numbers together and output the average.
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Pseudocode includes a range of arithmetic expressions and relational and logical operators.

Arithmetic expressions are used in calculations. There are four standard expressions:


	•  add

	•  divide

	•  multiply

	•  subtract.



However, the group also includes:


	•  exponent

	•  modulo

	•  integer division.






	 
	Definition
	Example expression





	Exponent
	A quantity representing the power to which a given number or expression is to be raised. This is represented by a ^
	3^3
3*3*3 = 27





	Modulo/Modulus
	The remainder after dividing one number by another. This is represented by mod.
	50 % 8 = 6 remainder 2
15 MOD 8 equals 2





	Integer division
	Division in which the remainder is discarded. This is represented by a /
	50 / 8 = 6 remainder 2
50 DIV 8 = 6







Table 1.4 More pseudocode expressions and their meanings
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Activity

Create pseudocode that calculates the modulo for 50 using numbers 1–10.
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Relational operators are also used in pseudocode. They define a relationship between two values. There are six relational operators that are used in this course.

These operators can be used for numerical or text-based data.




	 
	Description
	Example expression





	=
	Equal to or equivalent
	x = 9



	<>
	Does not equal
	x <> 9



	>
	Greater than
	x > 9



	>=
	Greater than OR equals
	x >= 9



	<
	Less than
	x < 9



	<=
	Less than OR equals
	x <= 9





Table 1.5 The six relational operators that you will use for this course

Logical operators are words used to connect two or more conditions. The output produced depends on the original conditions and on the meaning of the operator. It will usually be ‘true’ or ‘false’. There are three logical operators that are used in this course.




	 
	Description
	Example expression





	AND
	The output will be true if both conditions are true
	IF x > 1 AND x < 9



	OR
	The output will be true if any of the conditions are true
	IF animal = ‘dog’ OR animal = ‘cat’



	NOT
	The output of the condition will be reversed
	WHILE NOT x





Table 1.6 The three logical operators that you will use in this course
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Activity

A retailer is having a sale. You will create a flowchart and pseudocode to meet their requirements.

Items are discounted based on the original selling price. The table shows the original price and the discount.




	Lowest selling price £
	Highest selling price £
	Discount %





	  1.00
	    4.99
	  5



	  5.00
	    9.99
	10



	10.00
	  19.99
	15



	20.00
	200.00
	20





Dry run your pseudocode, using a trace table to check the logic. Correct any errors that are found and dry run the pseudocode again.
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Activity

Create a flowchart to validate a password. The password should be ten or more characters, and include at least one number. If the password does not meet these requirements, then an error message should be displayed, and the user asked to edit the password.

When you have completed your flowchart pass it to another person in your teaching group to carry out a dry run using test passwords that do and do not meet the requirements.
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It is possible that more than one algorithm will be created for any given program or module.
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Activity

Using the flowchart you have created and the syntax available in Appendix 2 of the specification, write some pseudocode to validate the password. Share your pseudocode with the rest of your teaching group. What are the similarities and differences?
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Over the life of a program or module it is possible that changes will need to be made. It is, therefore, very important that any algorithms are well documented and can be referred to if needed by the person making the changes.

By visual checking and dry running it should be possible to identify any errors in an algorithm at the design stage.
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Activity

Create pseudocode for a problem. Create a second version of the pseudocode introducing some errors into the code. Pass your pseudocode to another member of your teaching group. Ask them to determine the purpose of the pseudocode and correct the errors. Compare their corrected version with your initial correct version.
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Algorithms are used in many different situations. For example, the price of a book can increase if the sales are high, while the price can decease when sales slow down. The process of moving the price is based on an algorithm.

When applying for a credit card there is a strong probability that an algorithm will decide if the application is successful or not, what the credit limit will be or what the interest rate will be when the credit card is used. By answering application questions, decisions are made that meet the rules of the algorithm. For example, if an application is from someone who has very little credit history, then it is likely that the algorithm will approve the application, subject to status, but with a low credit limit.

Algorithms are also used to provide customers with personalised recommendations based on previous interactions with a business. For example, on a streaming service, recommendations are provided based on previous series or films that have been watched. Large retail websites will provide examples of other items that were purchased by others at the same time as the item being purchased. Recommendations can also be made based on a customer’s previous purchases.

Algorithms are also used to make decisions that will affect society. For example, when determining where to put a new hospital or emergency service hub.
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Research

Investigate other areas where algorithms are used. Produce a digital communication showing the results of your research. Discuss your findings with the rest of your group.
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1.2.3 Write algorithms that make use of programming constructs

Algorithms make use of sequence, selection and iteration. In a flowchart these can be represented by a decision box and iteration while in pseudocode these can be represented by expressions including:
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Before writing algorithms using programming constructs you will need to understand sequence, selection and iteration. You should read Content area 2, section 2.4.1 first.
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Test yourself


	1  What shape represents a process in a flowchart?

	2  What is modular division?

	3  What does the relational operator >= mean?

	4  Write an expression using the logical operator AND.

	5  Identify one situation where algorithms can be used.
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Skills practice

An online retailer applies delivery costs to each order. The delivery cost is calculated on the total cost of the items bought. The minimum order is £10. The table shows how the delivery costs are calculated.




	Cost of items
	Delivery cost





	£10.00 – £24.99
	£2.50



	£25.00 – £39.99
	£5.00



	£40.00 – £59.99
	£7.50



	£60.00 – £74.99
	£10.00



	£75.00 or above
	Free





The retailer stores the customer delivery addresses, the items they have purchased, the total cost of the items and delivery costs. The retailer wants to implement a digital solution for storing the information and calculating the delivery costs.

You have been asked to:


	•  Create a top-down diagram to show the decomposition of the problem (i.e. the processes carried out by the online retailer).

	•  Create a flowchart to show how the delivery costs will be calculated.

	•  Create pseudocode, based on the flowchart, including the use of comments.

	•  Use a trace table to dry run the pseudocode, making any edits as required. Any remedial edits should be documented.

	•  Explain how the retailer could use pattern recognition.

	•  Explain how algorithms could be used to increase sales.
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Assessment practice


	  1  Explain the difference between the top-down and bottom-up approaches to solving problems.

	  2  Explain why using decomposition can simplify the solving of a complex problem.

	  3  Identify and describe two steps to identifying and recognising patterns when beginning to code.

	  4  Explain the differences between general and specific detail when using abstraction.

	  5  Compare the use of pseudocode and written description when creating an algorithm.

	  6  Explain one advantage and one disadvantage of using code from a library.

	  7  How can trace tables be used to check for errors in an algorithm?

	  8  Discuss the advantages of using a flowchart to represent an algorithm.

	  9  Describe how relational operators can be used in algorithms.

	10  Explain why algorithms are used in the financial sector.
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