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Introduction


Computing drives innovation in the sciences, in engineering, business, entertainment and education. It touches every aspect of our lives from the cars we drive to the movies we watch and the way in which businesses and governments communicate with and hear from us.


An understanding of Computer Science is essential if you want to keep up with changing technology and take advantage of the opportunities it offers in your life – whether it’s as a career or a way of problem solving, or as a way of providing you with a greater appreciation of the way things work.


Computing is a relatively modern area of study but its roots go back to ancient times when our ancestors created calculating devices – long before modern-day calculators came into being. As you’ll see, computer science also has a rich history of innovation and design.


While it is almost impossible to accurately predict what technological developments will happen next, there are underlying Computer Science concepts and principles that lead to future developments. These can be recognized and applied by people who work in computing.


Computational Thinking is one of these processes and it underpins all the learning in this Student Book. This should provide you with an approach to problem solving that you will be able to use in relation to a wide range of computer-related and non-computer related situations. By studying Computer Science you will develop valuable skills that will enable you to solve deep, multi-layered problems.


Throughout this Student’s Book we have described the processes that led to the development of major ideas and systems. This will give you a much better understanding of how computing has come to be as it is today. We look at the development of computing through time, from ancient calculating devices to modern technology, highlighting how each break through or development has contributed to modern Computer Science. We look at the elements that make much of the technology we all take for granted today actually work, and we look at how you can apply this knowledge and these skills to computing challenges.


Each unit in the Student’s Book centres around a challenge and, in order to gain the knowledge and skills you require to complete each challenge, you will come across three different types of activity:




• Think-IT: These are thinking and discussion activities to get you thinking about ideas and concepts.


• Plan-IT: These are planning exercises that set the scene for the practical activities.


• Compute-IT: These are the practical computing or ‘doing’ activities that will allow you to apply the skills and knowledge that you have developed within the unit.





We hope that you enjoy the challenges we have set you and your study of computing.


Mark Dorling and George Rouse





Unit 1 Under the hood of a computer
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Challenge


Your challenge is to learn to ‘think’ like a computer, and understand how computers process data.
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1.1 Under the hood of a computer


To compute


The word ‘compute’ is derived from the Latin word ‘computare’, which means ‘to count up’, ‘to sum up’, ‘to reckon together’. The Romans certainly did not have computers and ‘to compute’ does not mean to use a computer. Computing is something that we all do whenever we perform a mathematical calculation.


 







[image: ]






Key Terms


Data: A collection of facts without context, such as values or measurements. On a computer ‘data’ can be stored as files, emails, video games, songs, pictures, data logged by sensors and calculations carried out by the central processing unit (CPU).


Compute: The verb ‘to compute’ means to carry out mathematical calculations. Today, with electronic computers everywhere, the term is more commonly defined as ‘the use of computers to solve problems’.
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The electronic computer is not the first device that people have used to help them to compute. For many centuries mathematicians have been inventing tools to help them to carry out calculations with greater speed and accuracy.
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Think-IT




  1.1.1 Draw a timeline stretching from the year 18 000 BC to today.







           a) Where do the computing machines in the photographs fit on the timeline?


           b) Can you think of any other computing devices or machines to add to the timeline?








[image: ]








Since prehistoric times and the very earliest civilisations there has been a need to compute in order to solve problems. The ancient Egyptians used mathematics to build their pyramids and the ancient Greeks applied geometry to their study of astronomy. Computing is so important that great mathematicians have always been highly revered. All over the world they have become well-known historical figures, such as the ancient Greek Pythagoras, Lui Hui from 3rd-century China, Muhammad Al-Khwarizmi from 9th-century Persia and Bhaskara from 12th-century India. You can find more details about famous mathematicians through time at www.storyofmathematics.com/mathematicians.html.


What is under the hood of a modern computer?


Traditionally we think of computers as the large desktop machines that many of us regularly use at home and at school. However, in recent years computers have become faster and smaller.
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Think-IT




  1.1.2 List all the computing devices you use at home and at school.
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Compute-IT




  1.1.3 a) Find an old computer to take apart. Make sure the machine is unplugged before you open the case and then examine all the component parts in turn. As you remove each part from the case, find out its function. Beware of sharp edges!
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           b) Now look at a Raspberry Pi, the credit-card-sized computer that you can plug into a TV and a keyboard. Can you locate the processor, the memory, the storage and the input and output?
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It is possible to categorise the parts of a computer as input devices, memory, storage devices, processor and output devices.
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Key Terms


Input device: An input device enables the user to ‘input’ data into a computer.


Memory: This is where a computer keeps the data that has been input, as well as software applications and the results of any processing it has carried out, for the short term. This memory is lost when the computer is off.


Storage device: This is where a computer stores files that have been created, as well as software that has been installed, for the longer term.


Processor: The part of a computer that processes data according to the instructions it has been given. It provides the user with information.


Output device: An output device enables the user to receive information from a computer.
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Think-IT




  1.1.4 Look at the table and name as many examples of each part of a computer as you can.









	

	Function

	Examples 






	Input devices

	Without external data a computer can do almost nothing. The role of the input device is to ‘input’ data into the computer.

	






	Memory

	The computer has to keep the data that has been entered until it is ready to process it. It also has to load software applications. This memory is lost when the computer is off.

	






	Storage

	Files and applications need to be stored safely until the computer is ready to load them again. This data is not lost when the computer is off.

	






	Processor

	This is the part of the computer that processes data, according to the instructions it has been given, to provide the user with information.

	






	Output devices

	Information has to be conveyed to the user. This function is performed by ‘output’ devices.
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Central Processing Unit


The central processing unit (the CPU) is sometimes described as the computer’s brain. It is an important part of the computer system and it usually consists of a single integrated circuit (chip). It isn’t as complicated as a human brain though. It thinks more like a function machine, which you might have come across in maths lessons.
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Key Term


Central processing unit (CPU): The part of the computer that interprets and executes instructions.





[image: ]










[image: ]






[image: ]




 







[image: ]






Think-IT




  1.1.5 Which internal component of a computer can be regarded as a function machine in its own right?
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Compute-IT




  1.1.6 Create a function machine, like the one in the picture. Decide on an input, describe the processing that will take place and think about the resulting output. Now create three cards containing this information. Place the cards face down on the function machine. Turn over the input and output, and ask a fellow student to work out what the processing card has on it.
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When a teacher asks you to do something, you listen (fetch), work out what you are being asked to do (decode) and then do it (execute). A CPU works in a similar way. It:





• fetches the instruction from memory.



• decodes the instruction to find out what processing to do.



• executes the instruction.







[image: ]




 







[image: ]






Think-IT




  1.1.7 What have you learned about the CPU and what it can and cannot do?
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1.2 Code breakers


Enigma and the Lorenz machine


During the Second World War vital supplies were sent to Britain from the United States of America, but Nazi submarines (U-boats) were sinking large numbers of the ships bringing these supplies across the Atlantic. Winston Churchill understood that intelligence was crucial if Britain and its allies were to win the Second World War, and he put his faith in the team of code breakers at Bletchley Park. Their task was to decrypt Nazi communications. The Nazis were enciphering their messages using the Enigma machine and its successor, the Lorenz machine. If the Allies were able to break the codes, they could keep one step ahead of the Nazis.
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Colossus


Code breaking requires vast numbers of computations to be carried out extremely quickly. The team at Bletchley Park were working against the clock. Alan Turing, the mathematician who led the team, knew that humans were just too slow at performing the required volume of calculations, so the code breakers built a computer, known as Colossus (see the photograph on page 2), to speed things up. Colossus decrypted codes generated by the Lorenz Machine by carrying out complex analysis on the messages that were intercepted. Colossus could read 5000 characters per second. This meant that the analysis could be carried out in hours, rather than weeks. In a sense, Colossus was a function machine because it was programmed to perform just one task.


It took the enciphered input, processed it and, after many repetitions, produced the deciphered output.


A computer uses stored programs and must have writeable memory to store, load and run them. The Manchester Baby, developed shortly after the Second World War, was one of the first programmable computers. It was the ability to store and run programs that turned the special purpose computer, or function machine, into a general purpose computer.


The decimal number system


At school, you learn how to use the decimal number system, that is using units, tens, hundreds and thousands. The decimal number system is also known as base 10 because it uses ten different numbers – 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 – to make an infinite number of combinations.


Computers are electronic devices that use just two data values, 0 and 1. They can tell the difference between a high voltage and a low voltage, so we use high voltage to represent 1 and low voltage to represent 0. Using two values, 1 and 0, to represent numbers is known as binary or base 2. All data in a computer must be in binary, so anything that is to be processed or transferred between computers, including all words, sounds and images, must first be converted into a series of 1s and 0s.
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Key Terms


Decimal: The system that is normally used for counting and computation. It uses ten digits: 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. The decimal number system is also called base 10.


Binary: A number system which uses two digits, 0 and 1. All electronic computation is carried out using the binary system. The binary number system is also called base 2.
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Compute-IT




  1.2.1 Think back to when you learned to organise numbers in multiples of ten, and then copy and complete the table.
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Circuit semaphore


Imagine an electric circuit with three lights, each controlled by its own switch. You can switch the lights on in many different patterns. Now imagine that each pattern represents a number, and each number relates to a message in a code book.
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Think-IT




  1.2.2 Look at the circuit semaphore diagram above. What do you notice about the number at the top of each column?








[image: ]








 







[image: ]






Compute-IT




  1.2.3 a) Use the information contained in the circuit semaphore diagram above to work out what numbers the other four patterns of lights represent.


           b) In the code book, the number 5 represents the question, ‘What is your choice of meeting point, A, B or C?’ The code book contains the following responses: 1 = A, 2 = B and 3 = C. What pattern of lights would an agent use to tell their controller to meet them at point B?
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Binary
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Compute-IT




  1.2.4 a) Copy and extend the table below as required. Complete the cells for all the different binary combinations you can make. The first few cells have been completed for you.
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           b) You have seen how it is possible to count up to 7 in binary. How would you count to 8?


           c) What is the largest number you can make with 1 bit? With 2 bits? With 3 bits? With 4 bits?


           d) What is the smallest number you can make regardless of the number of bits?


           e) What pattern can you spot when working out the largest number with a given number of bits?


           f) What would you have to do if you wanted to count to 16?


           g) What do you notice when you place a ‘0’ to the right of a ‘1’?
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Think-IT




  1.2.5 In 1836, Samuel Morse, Joseph Henry and Alfred Vail invented a method of using electrical signals to send messages using a simple on/off system known as Morse code. The code is based on the length of time the circuit is switched on, and uses long and short signals to represent the letters in the alphabet. A short ‘on’ is called a dot and a long ‘on’ is a dash. For example, ‘dot dot dot dash dash dash dot dot dot’ is the internationally recognised distress signal, SOS.


           Investigate other methods of sharing information through data transfer that have been used throughout history.
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Bits and bytes


Computers use electrical circuits to process data. These circuits require the data to be in a digital form as a string of binary digits, or 1s and 0s. A bit is the name given to one binary digit and it is the smallest piece of data that a computer can process.


All the data stored on, and processed by, a computer is simply a long series of bits. To give an idea of scale, a single letter of text, for example the letter ‘a’, is represented by eight bits.
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Key Term


Bit: The term ‘bit’ is used to describe one binary digit and is derived from BInary digiT.
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You have seen how a computer represents letters and numbers. Sound is digitised by sampling it at intervals, and images are digitised by representing coloured dots with binary numbers.


Kilobytes and megabytes


Many people generate computer files giving little thought to what these files consist of and how they are stored. The terms ‘kilobyte’ and ‘megabyte’ are used to describe the size of the storage space inside a computer; the amount of memory available to store data for use when processing and to store the output of the processing in the form of files. The prefix ‘kilo’ means thousand and ‘mega’ means million, so a ‘megabyte’ is one million bytes.
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Key Term


Byte: A string of bits (usually eight, for example 10010101) is called a byte.
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Think-IT




  1.2.6 Using your understanding of bits and bytes, convert the following values, which represent file sizes, into bits. Show your working.







           a) 7 kB


           b) 29 kB


           c) 279 kB


           d) 1 MB


           e) 2 MB







  1.2.7 The number 1024 keeps appearing. Where does this number come from?
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From binary to information


In electronic computers all data items are processed in binary. Whatever form the input data takes, computers convert it into binary (into 1s and 0s) so it can be processed by a series of electronic switches within the CPU. The binary outputs are converted back into something that the user can easily understand, such as text and pictures.
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Challenge


Do you remember the challenge for this unit, to learn to ‘think’ like a computer, and understand how computers process data? Let’s put your learning to the test.
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Compute-IT




  1.2.8 a) Create a plain text file. Type in the letters of the alphabet, then save the file as ‘A’. Right click the file’s name, select ‘Properties’ and record the size of the file in bytes and bits in a copy of the table below.


           b) Why do you think file A has a size of 26 bytes?


           c) How could you test your theory of why file A has 26 bytes?


           d) Copy this sentence or one you make up yourself, which contains spaces and punctuation, into a text file and save it as ‘B’: ‘The quick, brown fox jumps over the lazy dog. The lazy dog does not bark!’ Now, copy and paste the sentence into a new text file twice and save it as ‘C’. Finally, paste the sentence into a new text file five times and save it as ‘D’. Complete the rest of the table below. What do you notice?
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           e) What is the size of one letter in bits?
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Think-IT




  1.2.9 How many average-sized reading books could be stored in a megabyte, assuming the files are not compressed?
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Unit 2 Think like a computer scientist
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Challenge


Your challenge is to create an emergency evacuation plan for your school.
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2.1 Decomposition and algorithms


Decomposing a problem


Many of the things that you do every day you can probably do without thinking about them. It is only when you are asked to do something new that you really have to think. Imagine that you have been asked to teach a young child how to clean their teeth. On the face of it you probably think there is not much to it, but if the child is not able to clean their teeth properly this will lead to dental decay and possibly gum disease. Clearly you need to have a thorough understanding of what cleaning teeth really involves. You must decompose the problem. You must identify the actors and the actions and how the two work together to do the required task.
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Key Term


Decompose: Break a problem down into a series of simpler problems, which you can easily understand. The process of decomposing a problem is known as ‘decomposition’.
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What is involved in brushing your teeth? What are the things you must do in order to make sure that your teeth are clean and your gums stay healthy?





• First, you need a brush.



• You also need some toothpaste.



• You have to start somewhere.



• You have to finish somewhere.





You have now decomposed the problem of how to brush your teeth. But is this enough? The first point in your list, ‘First, you need a brush’, raises some additional questions:





• What sort of brush do you need?



• You need a toothbrush, but should it be a manual or an electric toothbrush?



• If it is an electric toothbrush, is it charged up?



• If it needs charging, is there a suitable power point?



• If it is an electric toothbrush, do you have a brush head that fits?





These are questions you will return to.
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Compute-IT




  2.1.1 Think of a daily routine. It should be something that you can do without really thinking about it. Decompose the routine into as many simple steps as possible and write down each step. Nothing is too small or insignificant to include.


           Here are some suggestions for routines you could decompose:







             • Making a cup of tea


             • Posting a letter


             • Making a sandwich


             • Answering an email


             • Feeding the cat







           When you have finished, swap your list of steps with a partner and challenge them to break your steps down into even smaller steps. Give them a point for every step they can decompose further. How many points did you each score?
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