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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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Specification coverage

Taken directly from the specification, it shows which elements of AS and A level are covered within each chapter.
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KEYWORDS

All of the keywords are identified with concise definitions. These form a glossary, which is useful for revision and to check understanding.
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LEARNING OBJECTIVES

Matched to the specification, these summarise what you will learn by the end of the chapter.
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INTRODUCTION

This is a concise introduction to set the scene.
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The main text

This contains detailed definitions, explanations and examples.
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Diagrams and images

The book uses diagrams and images wherever possible to aid understanding of the key points.
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Code examples

Where relevant there are examples of pseudo-code or actual code to demonstrate particular concepts. Code examples in this book are mainly written using the Visual Basic framework. Visual Basic 2010 Express has been used as this is available as a free download. The code can also be migrated into other versions of VB. Note that code that is longer than one line in the book is shown with an underscore (_). It should be input as one line in VB.
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KEY POINTS

All of the main points for each chapter are summarised. These are particularly useful as a revision aid.
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TASKS

These are activities designed to test your understanding of the contents of the chapter. These may be written exercises or computer tasks.
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CASE STUDY

These provide real-life examples of the applications of computing.
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Practice questions

These are revision questions designed to check understanding of the topics covered across the whole section.
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STUDY/RESEARCH TASKS

These questions go beyond the specification and provide a further challenge designed to encourage you to ‘read around the subject’ or develop your skills and knowledge further.
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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 data 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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[image: ]

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.
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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).
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KEYWORD

Integer: any whole positive or negative number including zero.
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•  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 04.06.2015. 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.
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KEYWORD

Pointer: a data item that identifies a particular element in a data structure – normally the front or rear.

[image: ]




    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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•  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.
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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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    Figure 1.3 shows a simple array with six elements. Register(2) = Hussain, Register(4) = Schmidt (assuming array indexing starts at 1).
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•  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.



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
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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:
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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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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:
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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.
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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:
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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.



[image: ]




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
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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:
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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.

•  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().
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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 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.
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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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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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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.
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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:
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    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:
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    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:
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    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.
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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:
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    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.
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[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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