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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 recognised and applied by people who work in computing.


Computational Thinking is one of these processes and it underpins all the learning in this Student’s 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 breakthrough 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 Operating systems
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Challenge


Create a poster to explain the similarities and differences between common operating systems to help someone decide which is the best one for them.
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1.1 What is an operating system and what does it do?


What is an operating system?


An operating system (OS) is software that manages a computer’s basic functions, such as scheduling tasks, executing applications and controlling peripherals.
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Key Term


Operating system (OS): The software that manages a computer’s basic functions, such as scheduling tasks, executing applications and controlling peripherals.
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Not all computers have an operating system. The embedded computer in a microwave or washing machine has a specific set of tasks to perform that never change, so it does not need an operating system. However, including an operating system allows changes to be made, which means that desktops, laptops and mobile devices can serve a variety of purposes, can interact with the user in more complex ways than making basic selections with buttons and can be updated to meet new demands.


An operating system is software that:





• manages the computer’s resources, acting as a link between the software and the hardware. Most computers have several programs running at once, all of which require access to the Central Processing Unit (CPU), memory and storage and it is the operating system’s role to handle all these requirements and make sure that all the programs will run



• provides a platform for the computer’s software to run from




• manages the input and output peripherals such as the mouse, the keyboard and the computer display



• provides the user with an interface, such as a Graphical User Interface or a text-based interface like a command line, to enable them to interact with the computer in a way they can understand



• provides file management, creating files and folders and manipulating, storing and retrieving data



• manages computer start up



• provides utilities, which are small programs that are used for the upkeep and maintenance of the computer



• manages a computer’s security, allowing a number of individual users to have their own username and password and using the user’s account details to control which files and programs they can access after they have logged on



• allows the user to modify the way the system behaves by setting choices or preferences.
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Booting the computer


When a computer is switched on it runs some tests on the hardware, checks for new hardware then starts the operating system. This is called the boot routine and we often say we are ‘booting up the computer’ as a result. The information about the boot routine is stored in the BIOS (Basic Input/Output System).


[image: ]






Key Term


BIOS: This stands for ‘Basic Input/Output System’ and the BIOS stores the information required for a computer’s boot routine, the routine that runs when a computer is turned on.
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A cold boot is when the user switches on the computer after it has been completely turned off and a warm boot is when the user uses the operating system to restart the computer.
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On most computers you can enter the BIOS as the computer boots up. In the BIOS you can change aspects of how the computer boot routine works as well as viewing information about the hardware, for example the temperature of the CPU.


Once the operating system has completed the boot routine, it provides the user with the user interface.
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Managing input and output peripherals


A peripheral is a piece of hardware – such as a mouse, a keyboard, a printer or a games controller – that can be attached to and used by a computer and these are managed by the computer’s operating system.
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If you have ever bought a peripheral device you may have noticed the words ‘Plug and Play’ on the box. This is because most modern operating systems provide a functionality that automatically detects and configures input and output peripherals without intervention by the user. Not so long ago, when a user plugged in a new peripheral, they would have to install a driver to enable the operating system and peripheral to communicate with one another. Now the drivers are automatically installed when the peripheral device is plugged in.
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Key Term


Driver: A driver is software provided by the manufacturer of a peripheral device to enable the operating system and the device to communicate with each other.
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Managing the computer’s resources


Programs and input devices all require CPU time and memory, yet the number of instructions that a CPU can complete per second and the amount of memory available is limited. It is therefore the role of the operating system to manage access to both the CPU and the memory and allocate available resources appropriately to ensure that each application gets a fair chance to make progress.
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Think-IT




  1.1.1 Sometimes computers appear to slow down. Why do you think this is?
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When you start an application, the operating system loads the necessary parts of the application into memory. It then moves parts of the application into and out of memory as they are required. If parts of the application are not being used then they are removed from memory. Similarly, while you are using an application, some data will be stored in memory but when you close the application this data is removed. This is a very important part of the operating system’s role and it is managed by a program called the ‘kernel’.


The kernel receives requests to move data into and out of memory from application software and translates these requests into instructions for the Central Processing Unit (CPU) to carry out.


The kernel uses the drivers for each peripheral device and firmware to interact correctly with a device. Firmware is permanent software that is programmed into the read-only memory (ROM) or flash memory of a computer. BIOS is one example of firmware. Firmware is rarely updated after manufacture and in some cases cannot be updated at all.
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Layers of abstraction


This diagram shows the architecture of a computer as layers of abstraction and it shows the place of the operating system in the architecture.
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These layers of abstraction are a way of hiding the details of each layer. This means that, for example, software developers who are writing applications don’t have to concern themselves with the lower layers. They can focus on how the application works with the operating system and can ignore the kernel, the assembler, the firmware and the hardware.


Each operating system has an Application Program Interface (API), which specifies how software applications and hardware such as storage and video cards should interact with each other. This means that if the application meets the requirements of the API it will work in the same way on a range of different computers, regardless of the speed of their CPU and the amount of memory and storage they have, just as long as they all use the same operating system.


The software developer will use a high-level programming language to program the application. High-level programming languages can usually be used with different architectures. However, in order for the operating system belonging to a particular architecture to execute an application, it will need to employ a translator. A translator is a utility that translates high-level programming code into machine language that a computer can execute. There are two types of translator:





• A compiler is a translator that takes an entire piece of high-level program code and translates it into machine language as a single program before executing it.



• An interpreter is a translator that translates the high-level program code and translates it into machine language one instruction at a time.
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Key Term


Translator: A translator is a utility that translates high-level programming code into machine language that a computer can execute.
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Different types of operating system


Desktop or laptop computers and hand-held devices or mobile phones all need an operating system to work, and there are various different operating systems available.


Desktop and laptop computers


For desktop or laptop computers the most common operating systems are:
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Each of these three operating systems provides a Graphical User Interface with very similar features but some noticeable differences.


Windows® and Mac OS® are proprietary operating systems. This means they are owned by an organisation – Microsoft® owns Windows and Apple owns Mac OS – and can only be modified by that organisation. Linux®, however, is open source. This means that the code for the Linux operating system is freely available for others to modify and there are several versions, or ‘distributions’, of the Linux operating system available. The most common ones are Ubuntu®, Mint®, Debian® and Fedora®.
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Think-IT




  1.1.2 Research the Graphical User Interfaces for the Windows, Mac OS and Linux operating systems and identify the similarities and differences between them.


  1.1.3 Research the features of the four most common distributions of Linux – Ubuntu, Mint, Debian and Fedora – and write down what you think the strengths and weaknesses of each are.
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Hand-held devices and mobile phones


Hand-held devices, such as tablet computers, and mobile phones are different to desktop computers and laptops and require different operating systems. Operating systems have been specifically designed to run on these devices and the three most common are Windows Phone®, Apple iOS® and Android™.
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These operating systems do not contain all the features of an operating system designed for a desktop computer or laptop but do perform the same role, linking the user to the software and hardware. They have quite sophisticated Human Computer Interactions (HCI) and allow the user to run various applications, including watching movies, listening to music, managing calendars, playing games and accessing the internet.
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Think-IT




  1.1.4 Research the HCIs for the three most common mobile operating systems – Windows Phone, Apple iOS and Android – and compare their features. Note down the common features and the differences between them.
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1.2 Comparing operating systems
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Challenge


Do you remember the challenge for this unit, to create a poster to explain the similarities and differences between common operating systems to help someone decide which is the best one for them? Well, it is time to meet the person you’re preparing the information for.
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This is Gloria. She is 72 and wants to buy a laptop or a tablet so she can keep in touch with her daughter and granddaughter who have just moved to New Zealand. She does not know much about computers and needs your advice. Which operating system should she be using?
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Plan-IT




  1.2.1 What are the similarities and differences between the operating systems Gloria could use? Use the information you have gathered by completing 1.1.1 Think-IT, 1.1.2 Think-IT and 1.1.3 Think-IT and any further research you need to do to gather the information you need to prepare your poster.
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Compute-IT




  1.2.2 Use the information you gathered to complete 1.2.1 Plan-IT to create your poster. Think carefully about how you are going to present your recommendation visually. Are you going to include a comparison table? Images? Facts?
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Unit 2 CMD, the command line
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Challenge


Your challenge is to start a new job with GCHQ (Government Communication Headquarters) as a forensic analyst. Your first task will involve showing others how to use computers to manage files and folders, before you move on to more advanced file handling techniques that can be used in digital investigations.
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2.1 Manipulating files and folders


Graphical User Interface


One of the most common tasks when using a computer is saving a file. It is important to know where you have saved your file and what it is called so that you can find it again. To do this, most people use a Graphical User Interface or GUI (pronounced ‘gooey’). The first part of this unit looks at how to use a GUI to move, rename and delete files and folders.
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Key Term


Graphical User Interface (GUI): An interface that uses graphics rather than text. A GUI can be WIMP (Windows, Icons, Menus and Pointers) but doesn’t have to be.
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Using a GUI to move files and create folders seems very simple and straightforward and it is often one of the first things people learn when they start to use computers, but people often have to figure out how to do it for themselves.
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Think-IT




  2.1.1 What tasks do older people find easy and what tasks do older people find difficult when they first start using computers?
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Naming and organising folders


A new computer user with only three or four files might be okay to just save their files all in the same place. However, once users start building up lots of files, it can become very messy to have everything in one big long list. Using folders to organise files is the best way to keep things tidy and to make it easy to find work again when you need it.


Once users have started to create folders to store their work they will need to give them sensible names. Names that are meaningful make it clear what the folder is about and make it much easier to find work and to make sure files are being saved in the right place. The easiest way to rename a file or folder is to click on it, wait, then click on it again, although you need to be careful you don’t double click on the file name and open the file.
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Drag and drop or cut and paste?


Once a folder structure has been set up, the next step is to move files to the right place. There are two ways to do this.


Users can drag and drop files from their current location into another folder. If the start and end locations are several folders apart, it can be quicker to open two windows and drag the file from one folder in one window to the other folder in the other window.
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Another way to move files is to use cut and paste. You can cut the original file from its original location, just like cutting a picture out of a newspaper, and paste it into its new location.


In Windows 7 there are two different methods to cut and paste a file. You can cut and paste using shortcut keys ctrl plus x to cut and ctrl plus v to paste, or you can do it using right mouse clicks.


In Mac OSX you can also cut and paste using shortcut keys but they are slightly different: cmd plus x to cut and cmd plus v to paste.
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Plan-IT




  2.1.2 Develop some materials to advise new computer users on how to manage files and folders correctly.







            a) First, copy and complete the table below:
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            b) Then, create a poster, slideshow, word-processed document, screencast or video to advise new computer users on how to improve their file handling habits.
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File extensions


Computer files have two parts to their name, the name and a file extension. For example, a file might be called Letter to bank.docx. The name is Letter to bank and the file extension is docx. The name tells us what the file is about. The extension tells us what kind of file it is and gives us a good clue as to which program to use to open the file.
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Think-IT




  2.1.3 Match up the file extensions below with the type of file described.
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             • This is an image file, It could be a photo or a drawing.


             • This is a web page and you would normally open it with a web browser.


             • This is a popular type of video file.


             • This is a document, but usually one that you can’t edit.


             • This is a file for storing music. You probably have lots of files of this type.


             • This is a program and when you double click it the program will load.


             • This is a document that you can edit. You would open it with word-processor software.


             • This is a spreadsheet document. You would open it with spreadsheet software.


             • This is a slideshow. You would open this with presentation software.


             • This is a ‘batch’ file and includes a set of instructions that will run if you double click on it. You might not have seen this type of file much before.
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2.2 The command line


While most people use a GUI to move files and folders around there are several reasons to use a command line to carry out this kind of task. Computer experts, hackers and forensic analysts often prefer to use a command line. A command line is a simple, text-based user interface where commands are typed.
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Key Term


Command line: A simple, text-based user interface where commands are typed.
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The first step in using a command line is to open a command prompt. There are different ways to do this depending on the system you are using.




[image: ]






[image: ]







[image: ]




By typing commands at the command line it is possible to carry out exactly the same tasks you carry out using a GUI. When using the command line, a folder is normally called a directory. For example, the command mkdir means ‘make a directory’ or, in other words, ‘create a folder’. Be aware, however, that the commands used at the command line differ depending on your operating system.
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Key Term


Directory: A technical name for a folder. The plural is directories.
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