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Introduction



What is computer science?

The world of computer science continues to develop at an amazing rate. If you had spoken to an A-level student embarking on a computer science course just ten years ago they might not have believed that in the year 2015 we would all be permanently connected to the Internet on smart phones, watching movies in high definition on 55-inch curved-screen TVs, streaming our favourite music to our phones from a database of millions of tracks stored in ‘the cloud’ or carrying round a tablet that has more processing power than the flight computer on the now decommissioned space shuttle.

No-one really knows where the next ten years will take us. The challenge for you as a computer scientist is to be able to respond to this ever-changing world and to develop the knowledge and skills that will help you to understand technology that hasn’t yet been invented!

Studying A-level computer science gives you a solid foundation in the underlying principles of computing, for example: understanding how algorithms and computer code are written; how data are stored; how data are transmitted around networks; and how hardware and software work. It also provides you with a deeper level of understanding that goes beyond the actual technology. For example, you will learn about how to use computation to solve problems and about the close links between computer science, mathematics and physics.

You might be surprised to learn that many of the key principles of computing were developed before the modern computer, with some concepts going back to the ancient Greeks. At the same time, you will be learning about the latest methods for solving computable problems in today’s world and developing your own solutions in the form of programs or apps.

Studying computer science at A level is challenging, but it is also highly rewarding. There are very few jobs that do not involve the use of computers and having a good understanding of the science behind them will effectively prepare you for further study or employment.



Course coverage and how to use this book

This book has been written to provide complete coverage of the AQA Computer Science specifications for AS and A level that are taught from September 2015. The content of the book is matched and sequenced according to the specification, and organised into sections in accordance with the main specification headings used by AQA.

Students studying A level need to be familiar with all of the content of the AS specification and in addition need to cover those sections highlighted throughout the text and are flagged up as A level only. There is support for every section of the specification including the written papers and coursework element.

The main objective of the book is to provide a solid foundation in the theoretical aspects of the course. Further support and practical examples of coded solutions are provided on line via Dynamic Learning.


Chapters contain:
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Section One: Fundamentals of programming






1 Programming basics
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SPECIFICATION COVERAGE

3.1.1.1 Data types

3.1.1.2 Programming concepts

3.1.1.6 Constants and variables in a programming language

3.5.1.2 Integers
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LEARNING OBJECTIVES

In this chapter you will learn:


	•  the basic principles of writing instructions in the form of programming code

	•  what constants and variables are and how to use them

	•  what the main data types are

	•  how to store data using meaningful names.
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INTRODUCTION

In its simplest form a computer program can be seen as a list of instructions that a computer has to work through in a logical sequence in order to carry out a specific task. The instructions that make up a program are all stored in memory on the computer along with the data that is needed to make the program work.

Programs (also known as applications or apps) are created by writing lines of code to carry out algorithms. An algorithm is the steps required to perform a particular task and the programming code contains the actual instructions written in a programming language. This language is in itself an application that has been written by someone else to enable you to write your own programs.

In the same way that there are lots of different languages you can learn to speak, there are also lots of programming languages, and in the same way that some languages have many different dialects, there are also different versions of some of the more popular programming languages.

Another similarity with natural languages is that each programming language has its own vocabulary and rules that define how the words must be put together. These rules are known as the syntax of the language. The difference between learning a foreign (natural) language and a computer language is that there are far fewer words to learn in a computer language but the rules are much more rigid.
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KEYWORDS

Memory: the location where instructions and 0data are stored on the computer.

Algorithm: a sequence of steps that can be followed to complete a task and that always terminates.

Syntax: the rules of how words are used within a given language.
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Naming and storing data

In addition to instructions, the computer program also needs data to work with. For example, to add two numbers together requires an add instruction and then the two numbers that need to be added. You need to give these two data items names so that the computer will know which data to use.

The data are stored in memory along with the instructions. You could view memory rather like a series of pigeon-holes, each having a unique address, known as a memory address.
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KEYWORD

Memory address: a specific location in memory where instructions or data are stored.
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It is a really good idea to use names that indicate the purpose of the data – in the case of the example above the two numbers might be called Number1 and Number2. Using meaningful names will help you when they are trying to trace bugs and it also allows other programmers to follow the code more easily. It is good practice to adopt a common naming convention. In this case the first character in upper case and the rest in lower case.

This process of giving data values is called ‘assigning’, and it looks something like these two:

[image: ]

The means ‘becomes’ or ‘equals’. Number1 is an example of a variable. In the example above it has been given a value of 23, though this value will change while the program is being run. Name is another example of a variable and has been given the value "Derek".

Different programming languages have slightly different ways of assigning values. For example, you may need to use the equals sign to make the assignment in the code you are writing. So a simple algorithm to add two numbers together might look like this:
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KEYWORD

Assignment: the process of giving a value to a variable or constant.
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Figure 1.1 shows a simplified visualisation of how this program is handled. There will be millions of memory addresses, of which just three are shown in this diagram.


[image: ]

Figure 1.1





Constants and variables

Data are stored either as constants or as variables. Constants (as you’d expect from the name) have values that are fixed for the duration of a program. For example, if you were writing a program that converted miles into kilometres you could set the conversion rate as a constant because it will never change. In this case we could call the constant ConvertMilestoKm and assign it a value of 1.6 as there are approximately 1.6 km to the mile. Then whenever we want to convert a distance in miles to its metric equivalent we would multiply it by the constant ConvertMilestoKm.
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KEYWORDS

Constant: an item of data whose value does not change.

Variable: an item of data whose value could change while the program is being run.
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Notice that the name given to the constant is self-explanatory. We could have just called it Constant1. However, by giving it a meaningful name it makes the code easier to work with as the program gets bigger. It also makes it easier for anyone else that looks at the code, to work out what the program is doing. This is important for three main reasons:


	•  It makes it easier to find and correct errors/bugs in code. This is called debugging.

	•  There are many occasions where there are several programmers working on the same program at the same time, so having a sensible naming convention makes it easier for everyone to understand.

	•  It will be easier to update the code later on when further versions of the program are created.
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KEYWORD

Debug: the process of finding and correcting errors in programs.
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The value of variables can change as a program is being run. For example, the same conversion program will require the user to type in the number of miles they want to convert. This number will probably be different each time the user enters data. Therefore, you need to have a variable that you could call NumberOfMiles.

There are lots of other examples – the number of answers a pupil has got right in a test would (hopefully) increase as they work their way through a test so the data would have to be stored as a variable. The password a user uses to access a network can be changed at any time, so it would also be classed as a variable.


Variable and constant declaration

Declaring a constant or variable means that when you are writing code you describe (or declare) the variables and constants that you are going to use before you actually use them in your program.

Some programming languages force you to declare the variables and constants you intend to use in your program before you start writing any code. The benefits of doing this are that it forces you to plan first and the computer will quickly identify variables it does not recognise.

There are two parts to a declaration. You need to supply a suitable name for the constant/variable and you need to specify the data type that will be used. The declarations might look something like this:
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KEYWORD

Declaration: the process of defining variables and constants in terms of their name and data type.
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Dimension or Dim is one of the command words used in Visual Basic to indicate that a variable is being declared. Once you have declared a variable it starts with a default value. In the above examples Age will start as zero, Name as nothing (also known as the empty string) and WearsGlasses will start with the value False. Other languages may use different default values so it is good practice to assign an initial value to the variable just to make sure it is correct.




Data types

It is important to consider how you want your program to handle data. For example, to create the miles to kilometres conversion program, you have to tell the program that miles and kilometres both need to be stored as numbers.

There are lots of data types you might need to use and you need to think carefully about the best type to use. For example, if storing numbers, how accurate do you need the number to be? Will a whole number be accurate enough or will you need decimals? In addition to numbers, you will probably want to store other data such as a person’s name, their date of birth or their gender.
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KEYWORD

Data type: determines what sort of data are being stored and how it will be handled by the program.
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All programming languages offer a range of data types but the actual name of the data type may vary from language to language. Here are some of the most common data types:


	•  Integer: This is the mathematical name for any positive or negative whole number. This might be used to store the number of cars sold in a particular month or the number of pupils in a class. The range of numbers that can be stored depends on how much memory is allocated. For example, an integer in Visual Basic can store numbers between –2 147 483 648 through to +2 147 483 647. Declaring a number as an integer means that the program will then handle the data accordingly. For example, 2 + 3 will equal 5. In some languages, if you did not set it to integer 2 + 3 would equal 23 (two three).

	•  Real/Float: This is a number that has a fractional or decimal part, for example 3.5 or [image: ]. In our miles to kilometres conversion program, you would need to store both miles and kilometres using this data type as the user might want to convert a number that is not a whole number. Other examples might include a person’s height in metres or their weight in kilograms.

	•  Text/String: This data type is used to store characters, which could be text or numbers. For example, you could use this to store a person’s name or address. Some programming languages refer to this data type as alphanumeric because you can actually store any character you want in a string whilst text implies it can only store letters. Text or string variables are normally shown in quotation marks. For example you might assign the name Frank to a variable like this: Name "Frank". House numbers and phone numbers are often stored as text / string as although they are numbers, you would never need to carry out any calculations on them and in the case of telephone numbers the leading zero is important and would be omitted if stored as a number.

	•  Boolean: The simplest data type is a simple yes/no or true/false. This is called a Boolean data type. It is named after George Boole who discovered the principles behind logic statements. Boolean data types can be used to store any kind of data where there are two possible values.

	•  Character: This data type allows you to store an individual character, which might be a letter, number or symbol. All computers have a defined character set, which is the range of characters that it understands. This would commonly be all the upper and lower case letters, plus other keyboard characters and any special characters.

	•  Date/Time: This will store data in a format that is easily identifiable as a date or time, e.g. 30.04.2014 or 12:30. The program will then handle the data accordingly. For example, if you added 5 to the date, it would tell you the date in five days’ time. 30.05.2014 + 5 would become 04.06.2014. If you did not declare it as a date you may get the wrong answer, for example 30.05.2019.

	•  Pointer/Reference: This data type is used to store a value that will point to or reference a location in the memory of the computer. If you think of memory as a series of pigeon-holes or addresses where instructions and data are stored, the pointer/reference is used in a program to go to a specific address.
For example, you could set up a pointer called Pointer1 and put address 1001 in it. The program would then go to memory address 1001 and take the data from it. In the example below it would be the data assigned to Number2. Other lines of code will then be needed to tell the program what to do with the data it finds there.

Figure 1.2 shows how a pointer is used to reference an item of data.
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Figure 1.2
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KEYWORD

Integer: any whole positive or negative number including zero.
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KEYWORD

Pointer: a data item that identifies a particular element in a data structure – normally the front or rear.
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	•  Array: An array is a collection of data items of the same type. For example, if you wanted to store a collection of names in a school register, you could call this Register and each item of data would be stored as text. Each individual name in the array is called an element. Every element is numbered so that Register(2) would be the second person in the array, Register(4) the fourth person and so on. Note that 0 is often used as the first element of an array, rather than 1. If this was the case then Register(2) would actually be the third person in the array, Register(4) the fifth and so on.
Figure 1.3 shows a simple array with six elements. Register(2) = Hussain, Register(4) = Schmidt (assuming array indexing starts at 1).


[image: ]

Figure 1.3





	•  Records: This is used to store a collection of related data items, where the items all have different data types. For example, you might set up a record called Book, which is used to store the title, author name and ISBN of a book. Title and Author are text whereas the PublicationDate is set as a Date data type.
You could write it like this:

[image: ]

When the program is run, every time data are entered for the book, the user will type in up to 50 characters of text for the title and author and then the ISBN. A variable could now be set up using this record data type and this variable would contain all of this data.
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KEYWORDS

Array: a set of related data items stored under a single identifier. Can work on one or more dimensions.

Element: an single value within a set or list – also called a member.

Record: one line of a text file.
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Built-in and user-defined data types

Built-in data types are those that are provided with the programming language that you are using. The list of built-in types varies from language to language, but all will include versions of the types listed above.

Most programming languages allow users to make up their own data types, usually by combining existing data types together. These are simply called user-defined data types. For example, if you were making a program to store user names and IDs, you may create a user-defined data type called Logon made up of a set number of characters and numbers.

[image: ]

This code will set a new data type called Logon, which will be made up of a 10-character user name followed by a 5-digit user ID. In total, the data type will have 15 characters/digits to store the data.

The reasons for creating user-defined types are mainly to do with efficiency. As you start to write your own programs you will find that they can get very long and complex and that debugging can be very time-consuming. Most programmers try to make their code as organised and efficient as possible as this will save them time as the program develops. For example, it is easier to reuse a block of code rather than have to write it all over again.

Most programmers aim to create code that is ‘elegant’. This means that it does exactly what it is supposed to do as efficiently as possible. Often this means writing as few lines of code as possible with no repeated coding.

Using a user-defined data type is just one example of where it is possible to be more efficient. With our example of storing Logon information using a user-defined variable, because all the data are stored in one variable rather than two, when the program needs this information, we only need to access one variable rather than two.

[image: ] Practice questions can be found at the end of the section on pages 46 and 47.
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TASKS


	1  Give two reasons why it is a good idea to use meaningful variable names.

	2  Use examples to explain the difference between a constant and a variable.

	3  Why is it important to declare all variables and constants at the beginning of a program?

	4  Explain the difference between a value and a variable.

	5  Suggest suitable data types and variable names for:

	a)  the current rate of VAT

	b)  today’s date

	c)  the total takings from a shop

	d)  a person’s date of birth

	e)  which wrist a person wears a watch on.
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STUDY / RESEARCH TASKS


	1  A list of data is also known as a one-dimensional array. Find out what two- and three-dimensional arrays are and give examples of where you might use each.

	2  Identify the built-in data types for the main programming language that is used in your school or college.

	3  Research data types that are specifically used to store sound and video data. How do they differ from other data types?
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KEY POINTS


	•  Programming languages are used to write applications (apps).

	•  An algorithm is a sequence of instructions that can be followed to complete a task. Algorithms always terminate.

	•  Programming code is made up of algorithms that are implemented within a programming language.

	•  Instructions are stored in memory along with the data required by the program.

	•  Data are stored and named according to certain conventions.

	•  Variables and constants are used to store data and must be declared in some languages.

	•  There are several data types built in to every programming language and the programmer can also define their own.
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2 Programming concepts
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SPECIFICATION COVERAGE

3.1.1.2 Programming concepts

[image: ]






[image: ]

LEARNING OBJECTIVES

In this chapter you will learn how to:


	•  put lines of code in the correct sequence

	•  write an assignment statement

	•  write a selection statement

	•  write an iterative (repeat) statement

	•  use loops.
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INTRODUCTION

In simple terms, programming is just a case of writing a series of instructions in order to complete a task. Depending on which programming language you use, this is done in different ways. However, there are certain constructs that are common to all high-level languages. These building blocks of programming are sequence, selection and repetition (also known as iteration). There is also a further fundamental principle called assignment.
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Sequencing

Sequencing instructions correctly is critical when programming. In simple terms this means making sure that each line of code is executed in the right order. For example, a DVD recorder may have a simple program to record a TV channel at a certain time. The sequence of events would be:

[image: ]

If any of these instructions were wrong, missed out or executed in the wrong order, then the program would not work correctly.

The actual process of writing statements varies from one programming language to another. This is because all languages use different syntax. Common usage of the word syntax refers to the way that sentences are structured to create well-formed sentences. For example, the sentence ‘Birds south fly in the winter’ is syntactically incorrect because the verb needs to come after the noun. Programming languages work in the same way and have certain rules that programmers need to stick to otherwise the code will not work.
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KEYWORD

Syntax: the rules of how words are used within a given language.
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Assignment

We met the concept of an assignment statement in Chapter 1. Assignment gives a value to a variable or constant. For example you might be using a variable called Age so the code:

[image: ]

will set the variable Age to have the value 34.

The value stored in the variable could change as the program is run. For example, a computer game might use a variable called Score. At the beginning of the game the value is set to 0. Each time the player scores a point, the assignment process takes place again to reset the value of Score to 1 and so on.

Assigning values will take place over and over again while a program is being run. Initially, the programmer will assign a value to the variable. Then as the program runs, the algorithms in the program code will calculate and then return (re-assign) the latest value. Assignments are the fundamental building blocks of any computer program because they define the data the program is going to be using.



Selection

The selection process allows a computer to compare values and then decide what course of action to take. For example you might want your program to decide if someone is old enough to drive a car. The selection process for this might look something like this:
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KEYWORD

Selection: the principle of choosing what action to take based on certain criteria.
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In this case, the computer is making a decision based on the value of the variable Age. If the value of Age is less than 17 it will output the text string "Not old enough to drive". For any other age it will output the text string "Old enough to drive". The If statement is a very common construct. In this case it is used to tell the program what to do if the statement is true using the If...Then construct. If the statement is false, it uses the Else part of the code. This is a very simple selection statement with only two outcomes.


Nested selection

You can carry out more complex selections by using a nested statement. For example, a program could be written to work out how much to charge to send parcels of different weights. This could be achieved using the following sequence of selection statements:
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KEYWORD

Nesting: placing one set of instructions within another set of instructions.
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When the weight is input, it works through the lines of code in the If statement and returns the correct value. For example, if the parcel weighs 1700 g it will cost £7.50 as it is between 1500 g and 1999 g. If it weighed 2000 g or more, the If statement would return £10.

In some languages complex selections can be implemented using constructs such as this Case statement. The following example shows a section of code that allows the user to type in a country code to identify where a parcel is being sent to:

[image: ]

This routine takes the value of the variable ParcelDestination and compares it against the different criteria. So if ParcelDestination is 1 then Mainland UK will be printed to the screen.




Repetition (Iteration)

It is useful to be able to repeat a process in a program. This is usually called iteration. For example you might want to count the number of words in a block of text or you may want to keep a device moving forward until it reaches a wall. Both these routines involve repeating something until a condition is met – either you run out of words to count or the device comes to a wall. An iterative process has two parts – a pair of commands that show the start and finish of the process to be repeated and some sort of condition.
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KEYWORD

Iteration: the principle of repeating processes.
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There are two basic forms of iteration – definite and indefinite. Definite iteration means that the instructions are repeated in a loop a certain number of times. Indefinite iteration means that the instructions are repeated in a loop until some other event stops it. Iteration statements are often referred to as loops, as they go round and round. Let’s look at an example of each.
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KEYWORDS

Definite iteration: a process that repeats a set number of times.

Indefinite iteration: a process that repeats until a certain condition is met.

Loop: a repeated process.
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Definite iteration

If you want a process to be carried out a set number of times you will need to use definite iteration. For example, the following code could be used to operate a robotic device. It will move a device forward 40 units:

[image: ]

After it has moved forward 40 units it will stop. It will try and move irrespective of whether it meets an obstacle or not. This is known as a For...Next loop as it will carry out the instruction for a set number of times.



Indefinite iteration

In this case the loop is repeated until a specified condition is met – so it uses a selection process to decide whether or not to carry on (or even whether to start) a process.

This routine moves a device forward until the sensor detects an obstacle:
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Figure 2.1 Parking sensor



There is no way of knowing how many times this loop will be repeated so potentially it could go on forever – a so-called infinite loop. This example is also known as a Repeat...Until loop as it repeats the instruction until a condition is met.

To check for a condition before the code is run, you can use what is commonly called a While or Do while loop. For example, a program that converts marks to grades might use the following line of code:

[image: ]

In this case, it checks the condition before the code is run. If the mark is over 100, then the code inside the While loop will not even start.



Nested loops

In the same way that you can nest selection statements together, it is also possible to have a loop within a loop. For example, an algorithm to create a web counter on a web page may have 8 digits allowing for numbers up to 10 million. Starting with the units, the program counts from 0 to 9. When it reaches 9, it starts again from 0, but it also has to increment the value in the tens column by 1. The units will move round 10 times before the tens, then moves once. The tens column moves around 10 times and then the hundreds increments by 1 and so on.


[image: ]
Figure 2.2 A web counter



The same algorithm can therefore be used for each digit and can be nested together so that the code is carried out in the correct sequence. The code below shows a nested loop just for the units and tens:



[image: ]

KEYWORD

Sequence: the principle of putting the correct instructions in the right order within a program.
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Notice that the way the code is indented indicates the sequence of events. This shows that for every iteration of the outer loop, the inner loop will be completed.

Structures such as those mentioned in this chapter are one of the characteristics of a high-level language. They are easy to understand when they are viewed in isolation, but the problems start when you try to put a series of constructs together to do something more useful than deciding if someone is old enough to drive a car or to move a device forwards. In order to create larger, more useful programs, you need to plan ahead and organise your code.

[image: ] Practice questions can be found at the end of the section on pages 46 and 47.
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TASKS


	1  Write examples of the three main types of programming statement: assignment, selection, iteration.

	2  Give two examples where an iterative process might be used.

	3  Explain the difference between definite and indefinite iteration.

	4  Explain the concept of a nested statement.

	5  Why is the sequence of programming statements so important? Use an example to explain.

	6  What is syntax and why is it important? Use an example to explain.
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STUDY / RESEARCH TASKS


	1  Identify a real-life situation where it might be useful to use the following constructs within a program:

	a)  iteration

	b)  selection.




	2  Write a program that reads in a file of test marks and then converts them to grades.

	3  Write a program that works out the postage charges for parcels of different weights.

	4  Write a program that simulates the odometer on a car.
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KEY POINTS


	•  Programming statements are built up using four main constructs: sequence, selection, repetition (also known as iteration) and assignment.

	•  Sequence is putting the instructions in the correct order to perform a task.

	•  Selection statements choose what action to take based on specified criteria. For example, If...Then statements.

	•  Iteration is where a particular step or steps are repeated in order to achieve a certain task. For example, For... Next statements.

	•  Assignment is the process of giving values to variables and constants. For example, Age = 25.
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3 Basic operations in programming languages
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SPECIFICATION COVERAGE

3.1.1.3 Arithmetic operations in a programming language

3.1.1.4 Relational operations in a programming language

3.1.1.5 Boolean operations in a programming language

3.1.1.7 String-handling operations in a programming language

3.1.1.8 Random number generation in a programming language
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LEARNING OBJECTIVES

In this chapter you will learn:


	•  the correct syntax for writing basic programming code

	•  how to construct arithmetic operations, Boolean operations and relational operations

	•  how to handle basic string operations

	•  how Visual Basic, Python and C# implement these operations.
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INTRODUCTION

There are a number of basic operations that you can perform on text and numeric data when programming. These fall into four main categories: arithmetic operations, relational operations, Boolean operations and string handling. In this chapter all of these basic operations are explained with simple examples to illustrate each. The examples are based on Visual Basic and there is also a look-up table at the end the chapter to show these how these basic operations could be implemented in Python and C#.
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When programming, the syntax for each operation will vary depending on which language you are using. In practice, when creating full programs you will be using many of these operations in combination to perform particular tasks. In Sections Two and Three, you will see many of these basic operations being used in context.

When programming, values are likely to come from a variable or constant, or be generated as part of the program. For example, an assignment statement that adds two numbers together may use three variables called Answer, FirstNumber and SecondNumber:
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KEYWORD

Variable: a data item whose value will change during the execution of the program.
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Note that in some languages these operations can be carried out on numeric values or text strings. For example:

[image: ]

This has implications for the programmer as you might expect a simple addition of 2 + 2 to equal 4. However, 2 + 2 could also result in the answer 22 if the programmer has not defined the values as integers. This is one reason why it is good practice to declare variables at the beginning of every program, so that the program knows how to handle the data.


Arithmetic operations
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KEYWORD

Arithmetic operation: common expressions such as +, –, /, ×.
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Most of these are the standard mathematical operations that you use every day such as add, subtract, multiply and divide.


	•  Addition: The sum of two or more values. Example: 5 = 3 + 2 or
Answer = FirstNumber + SecondNumber.

	•  Subtraction: One value minus another. Example: 2 = 5 – 3 or
Answer = FirstNumber - SecondNumber.

	•  Multiplication: The product of two values. Example: 6 = 3 * 2 or
Answer = FirstNumber * SecondNumber.

	•  Division of real numbers: A real number is one with a fractional part so may result in an answer with a fractional part. Example: 3.1 = 6.2/2 or Answer = FirstNumber / SecondNumber (where all variables have been declared as Real or Float).

	•  Division of integers: An integer is a whole number and therefore may generate a number with a remainder. Example: 3r1 = 7/2 or Answer = FirstNumber / SecondNumber (where all variables have been declared as Integer). The DIV operation can also be used in the format Answer = FirstNumber DIV SecondNumber in which case the quotient and remainder are calculated simultaneously.

	•  Modulo operation: The modulo or MOD operator is used to divide one number by another to find the remainder. Example: 1 = 7 MOD 2 or Answer = FirstNumber MOD SecondNumber as 7/2 = 3r1.

	•  Exponentiation: Repeated multiplication of a base number in the form Bn where B is the base number and n is the number of times to repeat the multiplication. For example 24 is 2 × 2 × 2 × 2. Example: 16 = 2 ^ 4 or Answer = FirstNumber ^ SecondNumber.

	•  Rounding: Replacing the real value with a simpler representation that is close to the original value. For example, 2.315432 becomes 2.3. There are various methods for rounding within each programming language such as rounding up and down, or rounding to a specific number of decimal places. Example: 2 = Round(2.3) or Answer = Round(FirstNumber).

	•  Truncating: Shortening a value by cutting it off after a certain number of digits. It is the equivalent of rounding down. There are various methods for truncating within each programming language. Example: 2 = Truncate (2.345) or Answer = Truncate(FirstNumber) where FirstNumber is a decimal value.
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KEYWORDS

Rounding: reducing the number of digits used to represent a number while maintaining a value that is approximately equivalent.

Truncating: the process of cutting off a number after a certain number of characters or decimal places.
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	•  Random number generation: Creating a number to be used in a program that is random. There are several methods of doing this. Often the number is set to be generated between two fixed values. There are various methods within each programming language. For example: 0.123 = Rnd () or Answer = Rnd().
Random numbers are a very useful tool for programmers. Typical applications include:


	-  Creating a range of test data to be used on a new program

	-  Producing data to use in computer simulations

	-  Creating random events and movements in computer games

	-  Selecting a random sample from a dataset.



However, as most random number generation techniques used in programming languages start from a seed value and then use an algorithm to create the random number, it means that the number cannot be truly random as the algorithm used will produce an element of structure to the results. Consequently, random numbers generated by programming languages are often referred to as pseudo-random numbers. This is perfectly adequate for the purposes listed above but in other circumstances, such as encryption, this level of randomness would not be sufficient.






[image: ]

KEYWORDS

Random number generation: a function that produces a completely random number.

Pseudo-random number generator: common in programming languages, a function that produces a random number that is not 100% random.
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Relational operations

Relational operations work by making comparisons between two data items. They consist of operands and operators where the operands are the values and the operator is the comparison being made. For example, in the operation A > B, A and B are the operands and > is the operator. Most programming languages recognise the standard method for representing these operators as shown in Table 3.1.
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KEYWORD

Relational operations: expressions that compare two values such as equal to or greater than.
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Table 3.1 Table of relational operators




	Relational operator
	Sign





	Equal to
	= or ==



	Not equal to
	< > or !=



	Less than
	<



	Greater than
	>



	Less than or equal to
	≤



	Greater than or equal to
	≥





Relational operations are often performed in order to create selection statements. For example: If A > 1 Then... means if A is 2 or more then the next action is carried out. In common with all operations, the comparisons could also be made between textual data as well as numerical data.



Boolean operations

Boolean operations are those which result in either a TRUE or a FALSE answer. Boolean algebra is used in logic circuits and is an underlying principle to how modern computers work. It is also fundamental to the process of searching data whether that is in a database, or on the web. Once the Boolean operation has been evaluated, a further action is then taken. For example, on a database search, a subset of data would be created containing records that met the search criteria. The examples below are based on a scenario where an online dataset is being searched to find a new car.
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KEYWORD

Boolean operations: expressions that result in a TRUE or FALSE value.
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The four basic operations are:


	•  AND: This is known as a conjunction as it adds together the data. For example, using the search phrase “Four Door AND Less than 3 years old” would return a value of TRUE only if both conditions were met, so the car would need to have four doors AND be less than 3 years old.

	•  OR: This is known as a disjunction, which means that a TRUE result is produced if any of the conditions are met. For example, in the search phrase “Four Door OR Three Door”, only one of the conditions needs to be met to get a TRUE result, so all three- and four-door cars would be listed.

	•  NOT: This is known as a negation as it reverses the input. For example, “NOT Ford” would result in data that did NOT contain the word Ford.

	•  XOR: This is known as an exclusive OR and means that a TRUE result is produced when one or the other condition is met but not both. For example, “Sunroof XOR Air conditioning” would result in data where the car either had a sunroof or air conditioning, but not both. XOR operations are used extensively when creating logic gates and there is more on this in Chapter 30.
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KEYWORDS

AND: Boolean operation that outputs true if both inputs are true.

OR: Boolean operation that outputs true if either of its inputs are true.

NOT: Boolean operation that inverts the result so true becomes false and false becomes true.

XOR: Boolean operation that is true if either input is true but not if both inputs are true.
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Figure 3.1 Venn diagrams to represent the four basic Boolean operations.


You may have noticed that it is possible to embed relational operators within Boolean operations. For example, “Four Door AND Less than 3 years old” uses the less than operator. It is also possible to join lots of Boolean operations together to produce the desired outcome. For example, a very specific search might be: “Four Door AND Less than 3 years old AND Ford OR Vauxhall NOT Fiat”.



String-handling functions
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KEYWORD

String-handling functions: actions that can be carried out on sequences of characters.

[image: ]




At the beginning of the chapter we saw that it is possible to carry out operations on numbers and text data. This section looks specifically at the way in which text can be handled. To be more precise, this section looks at how strings can be handled. A string is a sequence of characters and can actually be made up of text, numbers and symbols. There are many situations where you will need to work with strings to produce the desired outcome, for example, searching for strings of characters or combining strings together.


	•  Length: The length of the string is how many characters are used to store a particular item of data. The string length is often variable although there is usually an upper limit placed on its size. There are various operations that you can carry out using the string length. For example, you may want to set the maximum length or calculate the length of a particular string of data. For example: Dim LastName As String is used to define a string data type and Len (Variable1) calculates the length of data value stored in Variable1.

	•  Position: Within a text string it is possible to identify the position of every character. This is useful when you want to extract particular characters from the string or identify substrings within the data. There are various operations that you can carry out. For example, to find the start position of a particular string of characters within another string:
txt = "JohnSmith22HighStreetLeicester"

AddressPosition = InStr(txt,"22HighStreet")

This would return a value of 10 in this example as that is the position where the address data starts within the string being searched. This assumes that the start position is 1. Some languages take the start position as 0, in which case this would return a value of 9.



	•  Substring: A substring is a string contained within another string as shown in the example above. Various techniques can be used to extract data from anywhere in a string to create a substring providing the start and end position are known or the start position and length are known. For example:
txt= "JohnSmith22HighStreetLeicester"

txtAddress = str.Substring (10,21)

This would create the substring “22HighStreetLeicester” and store it in a variable called txtAddress. It does this by starting at position 10 of the string and then extracting the next 21 characters.



	•  Concatenation: This is the process of adding strings together to create another string. For example:
[image: ]

This would create the value “JohnSmith” stored in a variable called txtFullName.


	•  Character codes: Every character that you can use on a computer including all the keyboard characters has a corresponding character code, which is used to identify it. This might be an ASCII code or Unicode (see Chapter 26). This can be used in various ways, for example, if you need to convert a text value to a numeric value in order to carry out a calculation on it. You might do this when encrypting data. For example:
asc(Variable1) returns the ASCII code value of the value stored in Variable1 where Variable1 is a text character.

chr(Variable1) returns the text character where Variable1 is an ASCII code.

chrW(Variable1) returns the Unicode code value of Variable1 where Variable1 is a text character.
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KEYWORD

Character code: a binary representation of a particular letter, number or special character.

[image: ]




In addition to converting strings to character codes, there are a number of other conversions that a programmer might need to do in order to manipulate the data further. Most programming languages include specific functions to carry out these conversions.


	•  String to Integer / Integer to String: An integer is a whole number. Some programming languages convert between the two automatically if the two variables are declared correctly. For example:
[image: ]

This would result in s (a string) becoming 1 (an integer). The same code could be used to reverse the process.


	•  String to Float / Float to String: A float is also called a real number and is any number including those with a fractional part. In Visual Basic, a function exists to carry out this conversion:
Convert.ToDouble(x) will convert the text string x into a Double data type, used by Visual Basic to store real numbers.

Convert.ToString(n) will convert the real number n into a string.



	•  String to Date-time / Date-Time to String: Date-time is usually stored with built-in formatting such as dd.mm.yyyy and hh:mm:ss. To manipulate individual parts of the data, it can be converted into a string. Most programming languages have built-in functions. For example, in Visual Basic:
DateTime.ToString(date) converts the date and time into a string

String.ToDateTime(String) converts a string into date-time format.






Examples of common operations in Python and C#

Table 3.2 gives some examples of how these common operations can be executed in both Python and C#. Note that there will be other ways of implementing these operations based on the specific requirements of the program being written.

You will notice that there are some commonalities between programming languages and some operations that are handled completely differently.

Table 3.2 Common operations in Python and C#




	Operation or function
	Python example
	C# example





	Add
	c = a + b
	c = a + b



	Subtract
	c = a – b
	c = a – b



	Multiply
	c = a * b
	c = a * b



	Divide real number
	c = a / b
	c = a / b



	Divide integer
	c = a//b
	Int c = a / b



	Modulo
	c = a % b
	c = a % b



	Exponentiation
	c = a ** b or exp(n)
	math.Pow (a,b)



	Round
	round (x[,n])
	math.Round()



	Truncate
	round (x[, n])
Truncates according to the size input
	math.Truncate (a, n)
Truncates the value of a to n places



	Random number generation
	random()
	random()



	Substring
	var1 = "JohnSmith"
print var1[0 : 4]
Prints “John”
	string input = "JohnSmith"
string sub =
input.Substring (0, 4)
Returns the value “John”



	Concatenation
	c = a + b
	c = a + b



	Convert character to character code
	Chr() gives the character code value of the character
Ord() gives the integer value of the character
	Encoding,ASCII,GetBytes () converts a character to an ASCII code
convert.ToChar() converts an ASCII code to a character



	Convert string to integer
	int() converts a string to an integer
str() converts an integer to a string
	.ToInt32 converts a string to a 32-bit integer
.ToString converts an integer to a string where the variable before the dot is an integer



	Convert string to date-time
	time.strftime(format[,t]) converts a string into a time with a specified format
	ConvertToDateTime(dateString) converts date-time to string
DateTime.Parse() converts the string contained in the brackets into a date-time format



	Convert string to float
	float() converts string to float
str() converts float to string
	.ToFloat converts a string to a float where the value before the dot is a string
.ToString converts a float to a string where the variable before the dot is an integer





[image: ] Practice questions can be found at the end of the section on pages 46 and 47.
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TASKS


	1  Write an example of a calculation using each of the arithmetic operators.

	2  What is the difference between a division of a real/float and the division of an integer?

	3  Most calculations will get their values from variables. Why are variables used in programming rather than just typing the raw values?

	4  Use examples to explain the difference between truncation and rounding.

	5  Why might random numbers be used?

	6  What is the difference between an OR statement and an XOR statement? Give an example.

	7  How can you create a substring from a string?

	8  What formats can strings be converted into?

	9  Why are random numbers generated in programming languages not entirely random?
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STUDY / RESEARCH TASKS


	1  Write code for a calculator app that allows the user to enter one or two numbers and then carry out all of the main arithmetic operations.

	2  Write code for an app that allows the user to input two numbers and then carry out each of the relational operators returning an output of TRUE or FALSE.

	3  Write code for an app that extracts the vowels from the alphabet.

	4  Write code for an app that takes the numbers 1–10 and extracts them into odd and even numbers.

	5  Research how Google uses Boolean operators to create accurate search results.

	6  Is it possible to produce a completely random number?
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KEY POINTS


	•  The syntax of a language describes the rules that you must follow.

	•  Arithmetic operations include common processes such as add, subtract, multiply and divide.

	•  Other arithmetic operations include rounding, truncating and exponentiation.

	•  Most languages include a random number generator.

	•  Relational operations compare two or more values to produce a result.

	•  Boolean operations return a true or false value and include AND, OR, NOT and XOR.

	•  Different types of operations can be combined to create more complex expressions.

	•  String handling is the process of identifying and extracting sequences of characters from a string of characters.
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4 Subroutines, local and global variables
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SPECIFICATION COVERAGE

3.1.1.9 Exception handling

3.1.1.10 Subroutines (procedures/functions)

3.1.1.11 Parameters of subroutines

3.1.1.12 Returning a value/values from a subroutine

3.1.1.13 Local variables in subroutines

3.1.1.14 Global variables in a programming language
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LEARNING OBJECTIVES

In this chapter you will learn:


	•  what a subroutine is and how they are used to create programs

	•  how to create subroutines

	•  what a function is and how to create them

	•  what parameters and arguments are and how they are used within a function

	•  what local and global variables are.



A-level students will learn:


	•  what an exception is and how a program should deal with it.
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INTRODUCTION

In programming a subroutine is a named block of programming code that performs a specific task. All programs therefore are made up of a series of subroutines. They provide structure to programs in the same way that chapters provide structure to a book. Subroutines are also called procedures, subprograms or routines.

Subroutines use variables that can either be local or global. Local variables are those that can only be used within that subroutine whereas global variables are accessible throughout the program.
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KEYWORDS

Subroutine: a named block of code designed to carry out a specific task.

Procedure: another term for a subroutine.

Subprogram: another term for a subroutine.

Routine: another term for a subroutine.

Local variable: a variable that is available only in specified subroutines and functions.

Global variable: a variable that is available anywhere in the program.
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Subroutines

A subroutine is self-contained and it carries out one or more related processes. These processes are sometimes called algorithms, which in turn are made up of lines of code. Subroutines must be given unique identifiers or names, which means that once they have been written they can be called using their name at any time while the program is being run.

For example you may want to write a program to maintain the contents of a file. You would need to write code to handle tasks such as adding a new record, amending existing details and deleting an old record. In this case you might have a subroutine to handle events that are generated from a main menu and then each of the three tasks has its own subroutine. For example if the variable Selected is set to Add then the procedure AddRecord would be called.

[image: ]

Breaking up a program into manageable blocks like this has many benefits:


	•  They can be called at any time using the subroutine’s unique name.

	•  They allow you to gain an overview about how the program is put together.

	•  You can use a top-down approach to develop the whole project.

	•  The program is easier to test and debug because each subroutine is self-contained.

	•  Very large projects can be developed by more than one programmer.



Visual Basic forces you to work with subroutines. In Visual Basic as soon as you try to write code that is connected to a control, Visual Basic creates a subroutine for you. Object-oriented programming takes this concept one stage further by putting all the code and the relevant data in the same module and the modules are put together to form the overall program. In this context a module is one part of a program that may contain several subroutines. See Chapter 6 for more details.
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KEYWORD

Module: a number of subroutines that form part of a program.
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Functions

Functions are similar to subroutines but return a value. For example, most modern pocket calculators have a large range of functions. The most basic are probably the square and square root keys. The idea is that you enter a number, press the function key you want and the calculator gives you a result based on that number.



[image: ]

KEYWORD

Function: a subroutine that returns a value.
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A function in a computer program performs much the same task as the buttons on a calculator. The user supplies the function with data and the function returns a value. For example you could create a function that calculates the volume of a cylinder – you supply the height and radius and the function returns the volume.

This process is not limited to numeric data; for example, you could create a function to count the number of times the letter ‘h’ occurs in a given block of text, or to check to see if a file has read/write or read-only access restrictions in place.

There are two benefits of using functions in a program:


	•  Some processes are very complex and involve many lines of code, but in the end they produce a single result. Including all those lines of complex code in the middle of your program will probably make it harder to understand, so instead you could put the code in a function and put the function itself somewhere else in the program, away from the main body of the program. This also means that if you want to alter the function it is easier to find. It also makes the main body of the code easier to work through.

	•  If you have to carry out the same process in lots of different places in the program, then instead of having to rewrite the same code over and over again, you would create the code once as a function and call it from the various places through the program. This has the benefit of keeping programs smaller, and if you need to alter the way the function works, you only have to alter one version of it.




[image: ]
Figure 4.1 Function keys on a calculator



Functional programming is a method of programming that only uses functions. There is more on this in Chapters 46 and 47.
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KEYWORD

Functional programming: a programming paradigm that uses functions to create programs.
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Parameters and arguments

In order for a subroutine or function to operate efficiently you need a way to control the data that it takes in. This is usually done by using parameters and arguments. A parameter works like a variable in that it identifies the data that you want a subroutine to take in and use. The argument is the actual value being passed to the subroutine.

The way that this is implemented varies depending on the programming language being used. As the subroutine being called is external to the current subroutine, there needs to be a mechanism for ensuring that the program knows how to handle the subroutine that has been called. It does this using a block interface, which is essentially a block of code that specifies the type and characteristics of the data being passed.
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KEYWORDS

Parameter: data being passed into a subroutine.

Argument: an item of data being passed to a subroutine.

Block interface: code that describes the data being passed from one subroutine to another.
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Local and global variables

As we have seen, it is highly likely that your program will be split up into lots of subroutines and functions. If you do this then you have to decide on the scope of any variables created. This means you have to construct your program in a way that either:


	•  limits the existence of the variable to the subroutine or function in which it was declared – a local variable, or

	•  allows the variable to be used anywhere in the program – a global variable.



The value of a variable is constantly changing throughout the program and as you have seen, values may be passed around between subroutines. If the subroutine changes the value stored in the variable, this may be passed back to the original subroutine or on to another subroutine. An important aspect of programming is keeping track of the state of variables and one of the main causes of program errors is when the value of a variable is changed within one subroutine, that then has an impact on another subroutine. This is known as a side effect.

It is good practice to use local variables wherever possible and using them has a number of advantages:


	•  You cannot inadvertently change the value being stored somewhere else in the program.

	•  You could use the same variable name in different sections, and each could be treated as a separate variable.

	•  You free up memory as each time a local variable is finished with, it is removed from memory.



You should only use a global variable where it needs to be available throughout the whole program. For example, you might store the password to a program as a global variable if you wanted to make a password accessible to different sections of your code.

When programming, different syntax is required to indicate whether the variable is local or global. For example in Visual Basic:


	•  Local variables are declared using the Dim statement:
Dim Age As Integer declares a local variable called Age.



	•  Global variables are described as public:
Public Password As Text declares a global variable called Password.




In Python all variables are assumed to be local when they are defined. If you want a variable to be global you must tell Python to make it global by using the global keyword, which actually declares functions not local variables.


	•  global Password creates a global variable called Password

	•  Password = "password" creates a local variable called Password.



In some programming languages if you declare a variable in your code and it is not inside a subroutine or function, then it is assumed to be global. Therefore you need to be careful when declaring variables. The following extract of code shows how you might set Password as a global variable and then other variables as local in Visual Basic:
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There are two subroutines: CalculateMathsGrade and CalculateEnglishGrade. The variable Password is a global variable and therefore is accessible from either of the two subroutines. The Score and Grade variables are local to each subroutine. This means that although they have the same names in both, they are actually different variables containing different values, a bit like having two people called John Smith with different characteristics.



Exception handling

There are many situations where a subroutine has to stop because of an exceptional circumstance that causes an error. This is not necessarily an unexpected event, just one that causes the current subroutine to stop. An example would be a division by 0 error, where the subroutine is expecting a number, but instead gets an undefined value caused by the division. When this happens, the subroutine has been ‘thrown’ an error, which it must deal with. If it is unable to ‘catch’ the error, the program could produce a fatal error, causing the program to stop running completely.

In the same way that subroutines are triggered by events, there need to be blocks of code that handle errors that are triggered whenever the error occurs. These are often referred to as catch blocks, which are specific blocks of code that are triggered in response to specific errors.

The normal procedure when this happens is:


	•  an error is thrown so the current subroutine stops or is paused

	•  the current state of the subroutine is saved

	•  the exception handling code (or catch block) is executed to take care of the error

	•  the normal subroutine can then be run again, picking up from where it was saved.
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KEYWORD

Exception handling: the process of dealing with events that cause the current subroutine to stop.
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Figure 4.2 The exception handling process



[image: ] Practice questions can be found at the end of the section on pages 46 and 47.
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TASKS


	  1  Define the following terms and explain the difference between the two:

	a)  subroutine

	b)  function.




	  2  Give examples of in-built functions that you might find in a programming language.

	  3  Why is it good practice to construct programs using subroutines?

	  4  What is the advantage of using functions?

	  5  Define the following terms and explain the difference between the two:

	a)  algorithm

	b)  code.




	  6  What is a module and how does it differ from a subroutine?

	  7  Explain how parameters and arguments are used to pass values and variables into subroutines.

	  8  What is a block interface?

	  9  Why is it good practice to use local variables whenever possible?

	10  Give an example of where you might use a global variable.

	11  Explain how an exception handler works.
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STUDY / RESEARCH TASKS


	1  Write a program that calculates the square and square root of any given number. Try to include the following features:

	a)  a subroutine

	b)  a function

	c)  a subroutine or function call

	d)  a parameter or argument

	e)  a local variable

	f)  a global variable.




	2  Extend your program to include other common mathematical functions.

	3  Write a program that takes in a set of numbers and then calculates the mean, median and range using either in-built or user-defined functions.

	4  Find examples of typical events that would require exception handling code.
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KEY POINTS


	•  Subroutines or procedures are a way of breaking up code into manageable blocks of code, each of which performs a specific task.

	•  Subroutines are likely to have other related subroutines.

	•  Breaking a program up into subroutines is beneficial for several reasons, mainly related to being easier to manage and maintain the program.

	•  A function is a type of subroutine that returns a set value, for example, the square root function.

	•  Parameters and arguments are the data that are passed into the function on which it performs its computations.

	•  Local variables can only be used within the subroutine in which they were created.

	•  Global variables can be used anywhere in a program.

	•  Exception handling is the way in which the program deals with events that may cause it to stop.



[image: ]









5 Structured programming
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SPECIFICATION COVERAGE

3.1.2.1 Structured programming

3.3.1.2 Design
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LEARNING OBJECTIVES

In this chapter you will learn how to:


	•  use hierarchy/structure charts to plan the design for a program

	•  use flowcharts to describe a system

	•  write pseudo-code and test it by dry running

	•  use sensible naming conventions for program components

	•  write well-structured commented code.
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INTRODUCTION

As we have seen in the first four chapters, there are lots of aspects to consider when creating a program including:


	•  working out the main processes

	•  identifying the data that is needed and how it will be stored

	•  working through the calculations that will be carried out on the data

	•  deciding what type of statements are needed

	•  organising the code into subroutines to create a working program.



Time and effort spent on designing a computer program are always well worth it, and good program design should result in a more efficient and error-free result. It will also make creating the code easier if you plan ahead.

This chapter looks specifically at the techniques that can be applied to procedural or imperative programming languages. These languages use sequences of instructions in the form of algorithms and subroutines as described in the previous chapter. A-level students need to be aware of other paradigms including object-oriented and functional programming languages. These are covered in Chapter 6 and Chapters 46 and 47 respectively.
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KEYWORDS

Procedural programming languages: languages where the programmer specifies the steps that must be carried out in order to achieve a result.

Imperative programming languages: languages based on giving the computer commands or procedures to follow.
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Hierarchy or structure charts

Hierarchy or structure charts use a top-down approach to explain how a program is put together. Starting from the program name, the programmer breaks the problem down into a series of steps.
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KEYWORDS

Hierarchy chart: a diagram that shows the design of a system from the top down.

Structure chart: similar to a hierarchy chart with the addition of showing how data are passed around the system.

Top-down approach: when designing systems it means that you start at the top of the process and work your way down into smaller and smaller sub-processes.
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Each step is then broken down into finer steps so that each successive layer of steps shows the subroutines that make up the program in more detail.

The overall hierarchy of a program might look like this:


	•  programs are made up of modules

	•  modules are made up of subroutines and functions

	•  subroutines and functions are made up of algorithms

	•  algorithms are made up of lines of code

	•  lines of code are made of up statements (instructions) and data.



We have come across all of these before apart from the module. In larger programs a module is a self-contained part of the program that can be worked on in isolation from all the other modules. This enables different programmers to work independently on different parts of large programs before they are put together at the end to create the program as a whole.

The text in a hierarchy chart at each level consists of only a few words – if you want more detail about what the process involves you need to move further down the diagram. The component parts for each section are organised from left to right to show how the system will work.

Figure 5.1 shows just part of a structure diagram of a program showing the program at the top, the modules beneath that and so on.


[image: ]
Figure 5.1 A simple hierarchy or structure chart





Flowcharts

A flowchart uses a set of recognised symbols to show how the components of a system or a process work together. Some of the more common symbols are shown in Figure 5.2.
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KEYWORD

Flowchart: a diagram using standard symbols that describes a process or system.
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Figure 5.2 Flowchart symbols



A system flowchart shows the tasks to be completed, the files that will be used and the hardware that will be needed but only as an overview. It is normally possible to create just one flowchart that shows the whole system, but this is not always a good idea as modern programs can be very large and cramming every process on to one flowchart might make it too complex to be of any real use. It might be more advantageous to create a separate systems flowchart for each section of the project.
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KEYWORD

System flowchart: a diagram that shows individual processes within a system.
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The systems flowchart in Figure 5.3 shows the first few processes that are used when a person starts to use an ATM (Automated Teller Machine) at a bank.


[image: ]
Figure 5.3 An example of system flowchart for an ATM





Pseudo-code

So far we have looked at diagrammatic ways of organising a program, but the code that a programmer creates does not use diagrams, it uses lines of code.

Pseudo-code is a way of writing code without having to worry too much about using the correct syntax or constructs. It consists of a series of commands that show the purpose of the program without getting bogged down with the intricacies of the chosen high-level language. The programmer will need to convert the pseudo-code into high-level code at a later date.
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KEYWORD

Pseudo-code: a method of writing code that does not require knowledge of a particular programming language.
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Pseudo-code is not a true programming language though it may well use some of the constructs and language of a high-level language. There is only one rule that needs to be adhered to if pseudo-code is to be of any use and that is that the language used needs to be consistent. Using the command ‘Save to File’ in one place then ‘Write to File’ in another will only make the job of converting to a true high-level language harder.

Pseudo-code can be used at many levels. The line:

Sort NameFile by surname

does exactly the same as these lines:

[image: ]

It will be up to the programmer to decide how far down they need to break their pseudo-code before they can start to actually write the code.

Pseudo-code is very useful in that it allows a programmer to sort out the overall structure of the program as it will eventually appear. The fact that it can be used at many levels means the programmer does not have to work out all the fine detail from the start. The process of turning pseudo-code into programming code is covered in more detail in Chapter 17.



Naming conventions
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KEYWORD

Naming conventions: the process of giving meaningful names to subroutines, functions, variables and other user-defined features in a program.
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Adding variables to a program as you go along is a recipe for disaster and it shows a serious lack of planning. Before you start your actual code you should draw up a list of all the variables you intend to use, including details of the data types and whether they are going to be local or global variables.

These are some variables that are being declared so they can be used in a Visual Basic program:
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Giving the variables, constants, modules, functions and subroutines in a program meaningful names is good practice. It makes a lot more sense to call a variable that stores the number of pupils in a group GroupSize than to call it Size or C3.

In the same way that programmers should sort out the variables, they should also draw up a list of the functions and subroutines they intend to use along with details of what each will do, what it will be called, and what parameters it will need to have assigned to it.



Code layout and comments

The final step to good program construction is to use the features of the programming language to make the code itself as programmer-friendly as possible. This might include adding suitable comments, especially to more complex or unusual sections of code, and using gaps and indents to show the overall structure of a program. Indenting loops can help to identify where a loop begins and ends. It also helps when you are trying to debug a program.

The following two sets of code do the same thing – they place the first 12 values from the two times table in an array.

This first example provides no support for the programmer at all.
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This second example has made use of a number of features:
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The helpful features are:


	•  comments to show the purpose of the algorithm itself

	•  comments to show the purpose of each line

	•  sensible variable names such as Count and TwoTimes

	•  the contents of the loop have been indented.





Dry runs and trace tables

No matter how careful a programmer is, even the simplest programs are likely to contain bugs. These come in a number of guises and some are trapped when the program is compiled, and others are trapped by the operating system. However some bugs can remain elusive and the programmer might have to resort to dry running the appropriate section of code.

Dry running is the process of following code through on paper. The variables that are used are written down in a trace table. Note that dry running can be done on pseudo-code or actual programming code. It is useful to dry run pseudo-code as any errors in the overall design of the algorithm can be identified before too much time has been spent programming it.
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KEYWORDS

Dry run: the process of stepping through each line of code to see what will happen before the program is run.

Trace table: a method of recording the result of each step that takes place when dry running code.
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This is a simple example of a dry run:

[image: ]

The array called StoreName has four elements. The initial values for StoreName and the other variables are shown in the trace table below.

[image: ]

The program is now dry run.

Counter is set to 1 and the contents of StoreName(1) are compared with the contents of StoreName(2). Because “Kevin” is greater than “Jane” (alphabetically speaking) TempName takes the value “Kevin”, StoreName(1) takes the value “Jane” and finally StoreName(2) takes the value held in TempName – “Kevin”.
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Counter now increments to 2 and StoreName(2) is compared to StoreName(3). “Kevin” is greater than “Beth” so TempName becomes “Kevin”. Even though TempName already contains “Kevin” it is important to realise that this is overwritten by the same name.
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Counter now increases to 3, and “Kevin” is compared to “Linda”. “Kevin” is less than “Linda” so the program jumps to the End If statement.

[image: ]

Counter has now reached the end value of the loop so the program moves on to whatever comes next.

You have probably realised by now that this algorithm is part of a simple sort routine. Whilst a program is being developed a programmer might also use techniques such as single stepping, where the program is executed one line a time. The programmer can see the values of the variables being used and may choose to insert breakpoints. A breakpoint stops the execution of a program either so the programmer can check the variables at that point or possibly just to show that a program has executed a particular section of code.

[image: ] Practice questions can be found at the end of the section on pages 46 and 47.
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TASKS


	1  Draw a systems flowchart that shows how the computer system at a supermarket handles the sale of goods at the POS (point of sale terminal).

	2  The customers at a supermarket have the option of paying for their goods by credit or debit card. Draw a systems flowchart to show how this process works.

	3  A programmer might choose to use both a flowchart and pseudo-code when developing a program. Describe the benefits and drawbacks of using each of these systems.

	4  High-level languages support ‘user-defined variable names’. Explain what is meant by this term.

	5  What steps can a programmer take to make the code they write easier for another programmer to follow?
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STUDY / RESEARCH TASKS


	1  Why is it considered bad practice to use the GoTo statement when programming?

	2  An alternative programming paradigm to procedural languages is logic programming, for example Prolog. In what way does this paradigm differ and what are the implications for the way in which programs might be designed?

	3  ‘All programs can be structured using only decisions, sequences and loops.’ Explain whether you think this is true.

	4  In what way do Pascal, Algol and some other programming languages enforce structured design?
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KEY POINTS


	•  Hierarchy or structure charts use a top-down approach to explain how a program is put together.

	•  A flowchart uses a set of recognised symbols to show how the components of a system or a process work together.

	•  Pseudo-code is a way of writing code without having to worry too much about using the correct syntax or constructs.

	•  All the variables you intend to use including details of the data types and whether they are going to be local or global variables should be identified at the start.

	•  Good program construction is to use the features of the program to make the code itself as programmer-friendly as possible.

	•  Dry running is the process of following code through on paper. The variables that are used are written down in a trace table.
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6 Object-oriented programming concepts
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A level only
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SPECIFICATION COVERAGE

3.1.2.1 Programming paradigms

3.1.2.3 Object-oriented programming
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LEARNING OBJECTIVES

In this chapter you will learn:


	•  the key principles and methods of object-oriented programming (OOP) including encapsulation, inheritance, instantiation, polymorphism, abstraction and overriding

	•  that OOP programs are made up of classes and objects

	•  that classes are a blueprint containing properties and methods

	•  that objects are instances of a class containing the same properties and methods of the class

	•  how to create class diagrams.
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INTRODUCTION

In Chapter 5 we looked at structure charts as a method of planning and organising programs. This is a top-down approach that breaks programs into modules, which in turn get broken down into subroutines and functions. Object-oriented programming can be thought of as an extension to this structured approach as it is entirely modular.

The key difference between procedural and object-oriented programming is that in procedural programming, the lines of code and the data the code operates on are stored separately. An object-oriented program puts all the data and the processes that can be carried out on that data together in one place called an object and allows restrictions to be placed on how the data can be manipulated by the code.

The examples in this chapter are given in Python, but all of the languages offered by AQA for the Paper 1 exam also support object-oriented programming.
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Object-oriented programming can be described as being organised in a way that reflects the real world. For example, in real-life you may have an object, such as a bank. Inside that object there are various other objects such as customers and financial transactions. Inside each of those objects there are a number of data items and behaviours. For example, there are data about customers. These data are handled in a particular way and therefore have to be processed accordingly. For example, one process might be to add new customer data. Another process might be that money withdrawn needs to be deducted from the balance.

In object-oriented programming, a banking application would be created to mirror these real-life relationships. So there might be one object for customers and another for transactions. The customer object will then contain customer data and all the processes needed for that data.

There are a number of advantages to this approach:


	•  Programs are written in modules, which means that it is easy to amend programs as only the effected module needs editing.

	•  It is also easier to add new functionality to a program by adding a new module.

	•  Most programs are written by teams of programmers so the modular design approach allows groups of programmers to work independently on self-contained modules.

	•  Objects can inherit attributes and behaviours making code reusable throughout the program.

	•  Changes carried out to data are made within an object rather than in the program. This makes it less likely that changes made to code will inadvertently affect the results of another routine, which is a common cause of bugs in software programs.

	•  Libraries can be created enabling code to be reused easily.
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KEYWORD

Modular design:a method of system design that breaks a whole system down into smaller units, or modules.
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Encapsulation

The concept of keeping the data and the code within the same object is called encapsulation. The code is known as methods, which are the subroutines contained within an object that are designed to perform particular tasks on the data within the object. This is the main concept behind object-oriented languages meaning that the objects are self-contained. The implication of this is that there are far fewer side-effects than with procedural languages. A side-effect is where a subroutine changes the value of a variable which then has implications for other parts of the program.
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KEYWORDS

Encapsulation: the concept of putting properties, methods and data in one object.

Method: the code or routines contained within a class.
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In theory this cannot happen in object-oriented programming as the data can only be directly manipulated by the methods contained within the object. This concept is sometimes called information hiding, which means that the data are directly available in the object that actually needs to use it. Code outside of the class can only access data through the defined methods.


[image: ]
Figure 6.1 Classes containing properties and methods



Figure 6.1 shows two classes, Customer and Account, both containing their own properties and methods.
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KEYWORD

Properties: the defining features of an object or class in terms of its data.
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The two main building blocks of an object-oriented program are classes and objects:


	•  A class is a blueprint or master copy that defines a related group of things. It contains properties, which describe what the data are, and methods, which describe the way in which the data can behave. However, it does not store any data. Classes can be created based on other classes.

	•  Objects are created from a class. Every object is defined as an instance of a class so will have the same properties and methods from the class from which it is built. It will also contain the data on which the methods will be run.
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KEYWORDS

Class: defines the properties and methods of a group of similar objects.

Object: a specific instance of a class.
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In the banking example:


	•  A class might be called Account which defines the properties and methods of a bank account.

	•  All accounts have similar properties such as an Account Number and CurrentBalance.

	•  They also have the same methods – they can GetCurrentBalance, AddInterest and so on.

	•  Each individual type of account would be a subclass of the Account class and they would have all the properties and methods of the class Account in addition to properties and methods of their own. Subclasses are explained later in the chapter.

	•  For example, two subclasses based on the class Account may be Current and Mortgage. They both share the properties and methods from the Account class.

	•  Current Account will have its own specific properties, such as Overdraft and PaymentMethods, which are only a feature of current accounts. Similarly Mortgage will have its own specific properties, such as EndDate, which are unique to it.

	•  Objects are created from the class (or subclass) and represent a particular instance of that class. For example, an object created from the Current class would be one person’s current account and will contain data about that specific account.

	•  Any number of objects can be created from a class.



When designing object-oriented programs, you can see how important it is to think carefully about the properties and methods of each object and how these might be organised into classes. Classes are fundamental to the design of object-oriented programs. Therefore they are stored where they can be reused either in the future, or by programmers working on other modules. The definitions of all classes are stored in a class library.

The code below shows a class called Account being created in Python. This is the base class:
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Inheritance

Inheritance in object-oriented languages acts in a similar way to the biological definition of inheritance. You start out with a set of characteristics and add to what already exists. You can add or change features and abilities but cannot delete them directly.
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KEYWORD

Inheritance: the concept that properties and methods in one class can be shared with a subclass.
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Taking the bank account example mentioned earlier you might start with a base class called Account. This will
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Class diagrams for inheritance



	•  They are hierarchical in structure with the base class at the top and the subclasses shown beneath.

	•  A subclass inherits the properties and methods of the base class.

	•  They use arrows to shows the direction of inheritance.

	•  Each class is represented with a box made up of three sections to include the class name, properties and methods.
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	•  Uses a + or – to indicate the visibility of the properties and methods to other classes. + means that the properties and methods are public to all classes. – means that the properties and methods are private and can only be used in that class.

	•  Uses a # to indicate that the properties and methods are protected so they can be used in that class and any of its subclasses.

	•  Uses arrows with the arrow pointing to the base class to show where the subclass is inheriting its properties and methods from.

	•  Defines the data types to be used for each variable.





Instantiation
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Polymorphism and overriding
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Abstract, virtual and static methods




	•  Static: the method can be used without an object of the class being instantiated.

	•  Virtual: the method is defined in the base class but can be overridden by the method in the subclass where it will be used. This is a feature of polymorphism.

	•  Abstract: the actual method is not supplied in the base class, which means that it must be provided in the subclass. In this case, the object is being used as an interface between the method and the data.






Aggregation



	•  Managers and employees make up the workforce.

	•  Job roles can be taken on by managers or employees.

	•  Job roles define what the managers and employees do as part of the workforce.




Composition aggregation
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Association aggregation
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Design principles



	•  Encapsulate what varies: This is related to the concepts of encapsulation and information-hiding and the basic concept is that everything that varies should be put into its own class. This means that properties and methods are subdivided into as many classes as needed to reflect the real-life scenario.


	•  Favour composition over inheritance: This principle refers to the way in which classes and objects are instantiated (created). As we have seen objects can be created from a base class and inherit its properties and methods. The alternative is to use aggregation or composition to combine existing objects to make new ones. This method is less error prone and enables simpler maintenance. For example, with reference to the Workforce example, rather than creating a new instance for Workforce we only need to create Manager and Employee and can then combine the two. Providing Manager and Employee are created correctly, then there should be no errors in Workforce. Similarly any changes made to Manager or Employee will be reflected in Workforce.

	•  Program to interfaces, not implementation: In object-oriented programming an interface defines methods to be used, which are then applied when classes are defined. In this sense an interface is an abstract type which is implemented when a class is created. When a class is created that adheres to the methods in the interface, it can be seen as an implementation of the interface. With our accounts example, being able to calculate interest and check the balance were two methods that all accounts must have regardless of the exact class they are in so these would be required by the interface. The way in which these operations are carried out would be defined within any class that wanted to use the interface. The interface ensures that they must be defined.
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	  1  In what way does object-oriented programming reflect the way things work in real life?

	  2  Using a real-life example, define the following terms explaining the relationship between the three:

	a)  class

	b)  object

	c)  inheritance.




	  3  Using the same real-life example, explain what properties and methods are.

	  4  Draw a class diagram for your real-life example.

	  5  How does encapsulation prevent side effects?

	  6  What are the two main ways to instantiate an object?

	  7  Explain the difference between static, abstract and virtual methods.

	  8  Explain the difference between composition aggregation and association aggregation.

	  9  What are polymorphism and overriding?

	10  What is an interface in the context of object-oriented programming?

	11  Explain the three main design principles for effective design.
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	1  For your real-life example above, use an object-oriented programming language to implement a solution. Include the following features:

	•  objects created using abstract, virtual and static methods

	•  inheritance

	•  aggregation

	•  polymorphism

	•  public, private and protected specifiers.
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	•  Object-oriented programming can be described as being organised in a way that reflects the real-world.

	•  An object-oriented program puts all the data and the processes (methods) that can be carried out on that data in one place called an object.

	•  The concept of keeping the data and the code within the same object is called encapsulation.

	•  Class diagrams are a standard method for representing classes, their properties and methods and the relationship between the classes.

	•  Inheritance in object-oriented languages acts in a similar way to the biological definition of inheritance.

	•  Instantiation is the process of creating a real instance of a class, which is an object.

	•  Polymorphism describes a situation where a method inherited from a base class can be used in different ways depending on the data in the subclass that inherited it.

	•  When the subclass implements the method it is called overriding because it overrides (or replaces) the method in the subclass.

	•  Aggregation is a method of creating objects that contain other sorts of object.
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	  1  The following code is part of a stock control system.
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	a)  Identify where each of the following have been used, and explain why the type of the variable chosen is appropriate:

	i)    a variable that is used to store a whole number

	ii)   a variable that is used to store a decimal number.




	b)  Why has a constant been used to store VAT?

	c)  Some computer languages support ‘user-defined types’. Explain this term and give an example of a user-defined variable in the code.




	  2  A program has been written to analyse the results of a survey. For each of the following, name a suitable data type and give a reason for your choice:

	a)  the number of pets owned by a household

	b)  a telephone number such as 0122453322

	c)  whether a household’s accommodation has central heating or not

	d)  the average number of children within a household.




	  3  It is considered poor design to define an Age field when storing personal details. Describe a better way of storing this data.

	  4  What values can a Boolean expression take?

	  5  The following section of pseudo-code is used to add and remove data in a queue.
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	a)  State a line of code that has a comment in it.

	b)  State a line of code that is an assignment statement.

	c)  State a conditional statement that has been used.

	d)  An array contains the characters E, C and F, with the front pointer on E (at index 0 in the array) and the rear pointer on F (at index 2 in the array). Dry run the code above, showing what would happen if the characters A, D and G were added to the queue.

	e)  Why is it good practice to create programs in modules?




	  6  Write a program to implement the pseudo-code in question 5.

	  7  Explain what techniques programmers can use to assist with the design of a piece of software and how they can make their program code easy to follow.

	  8  Look at the following section of code and then answer the questions.
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	a)  Name two different data types that are being used.

	b)  What is the purpose of the first line of code?

	c)  What is the purpose of the second line of code?

	d)  What is this algorithm doing?




	  9  Explain the difference between local and global variables.

	10  An object-orientated programming language will be used to create a system related to animals.

	a)  Suggest suitable properties and methods for a base class.

	b)  Suggest two further subclasses that could be built from the base class.

	c)  Explain the difference between an object and a class.

	d)  Draw a class diagram to show your answers to parts a and b.

	e)  Give one example of inheritance in this example.

	f)  Explain how an object can be instantiated.

	g)  Give one example of where you may need to use overriding.
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Public Password As String
Private Sub CalculateMathsGrade
Dim Score As Integer
Dim Grade As String
If Score > 50 then

Grade = "Pass"
Else

Grade = "Fail"
End Sub

Private Sub CalculateEnglishGrade
Dim Score As Integer
Dim Grade As String
If Score > 50 then

Grade = "Pass"
Else
Grade = "Fail"

Fnd sub
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class Current(Account):

def__init__(self, accountNumber, openingDate,
currentBalance, interestRate, paymentType,
overdraft):

Account.__init__(self, accountNumber,

openingDate, currentBalance, interestRate)
self.paymentType = paymentType
self.overdraft = overdraft

def setPaymentType(self, paymentType):
self.paymentType = paymentType

def setOverdraft(self, overdraft):
self.overdraft = overdraft

def getOverdraft(self):
return self.overdraft

class Mortgage(Account):

def__init__(self, accountNumber, openingDate,
currentBalance, interestRate, endDate):

Account.__init__(self, accountNumber,
openingDate, currentBalance, interestRate)

self.endDate = endDate
def getEndDate(self):

return self.endDate
def setEndDate(self, endDate):

gself.endDate = endDate
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Price = £10

Else If Weight >= 1500 Then
Price = £7.50

Else If Weight >= 1000 Then
Price = £5

Else
Price = £2.50

Fnd Tf
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case 1
WriteLine ("Mainland UK")
case 2
WriteLine ("Europe")
case 3
WriteLine ("USA")
Case Else
WriteLine ("Rest of the World")
Fnd Select
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‘routine to add to a circular queue
‘increment Rear pointer
Rear ¢ Rear + 1
‘Check to see if end of array has been reached
'If so go back to the start of the array
If Rear = 9 Then Rear « 0
‘add data
Put Dataltem at position Rear in array
‘routine to remove data from a circular queue
‘remove data
Take Dataltem from position Front in array
‘move Front on
Front « Front + 1
‘Check to see if the end of the array has been reached
‘If so go back to the start of the array
Tf Front = 9 Then Front <« 0
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Dim Price As Real

Const VAT = 0.2

Type RecordDetails
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RecordRestock As Integer

End Type
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‘result in array TwoTimes
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# new method added to the Current class overriding
the addInterest method in the Account class

def addInterest(self):

# if the account has an overdraft, interest is
charged on the debt at 5%

if self.overdraft:
charges = self.currentBalance * 0.05
self.currentBalance += charges

# otherwise interest is applied in the same way
as the superclass (Account)

else:

Account.addInterest(self)
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Subroutine AddRecord

‘Code to add a new record to a file

End Subroutine

Subroutine AmendRecord

‘Code to locate and amend an existing record
End Subroutine

Subroutine DeleteRecord

‘Code to delete an existing record

Fnd Subroutine
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