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UNIT 1 DIGITAL TECHNOLOGY



Chapter 1 Digital data
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What this chapter covers





•  Representing data



•  Representing images



•  Representing sound



•  Data portability





[image: ]





Representing data


Difference between information and data


Data consists of raw facts and figures with no meaning attached. When data is processed (or given meaning) it provides us with information. Therefore, we can define information as ‘data with meaning’.


For example, in the table in the margin, the number 62351 is data, but when we add meaning to this sequence of figures, such as ‘Product number 62351 is a 2 Tb portable hard drive’, we provide information.
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An information system, consisting of hardware and software working together, takes data as input and converts it into information. Therefore, an information system processes data and produces information.
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Storing data


Computers store data in digital format. This is done using a number system known as binary. A Binary digIT (also known as a bit) has a value of 0 or 1 and is the smallest unit of computer storage. When bits are grouped together (typically in groups of eight) they are referred to as a byte. A single character (such as a letter or a digit) is represented by one byte (or 8 bits). Therefore two letters (or two characters) are represented by two bytes (or 16 bits). A nibble is four bits, therefore two nibbles is equal to one byte (or 8 bits).


The storage capacity of a computer’s memory is measured in bytes. Multiples of bytes are referred to as shown in the table.




[image: ]




These terms are usually used to describe data storage capacity and computer memory. Therefore we use these terms to describe the capacity of USB flash drives and hard drives used in typical computers.


Characters are classified as letters, digits and punctuation marks. Each character is a byte (or 8 bits). A commonly used character set is ASCII (American Standard Code for Information Interchange). Every character in the set has a unique binary pattern (or byte) as shown below.
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Data types


In order to optimise a computer’s processing power, data needs to be stored in the most appropriate way. In order for this to happen, data must be defined as a certain type before it is processed.




[image: ]






[image: ]


Tasks





1  How many bits are there in 5 kilobytes?



2  How many characters are there in the word ‘digital’?



3  Which of these numbers are ‘real numbers’? 2, 3.5, -4.6, 7, 21, 99.2



4  Which of these are ‘integers’? 5.34, -4, -89, 2.1, 678
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Representing images



A pixel (usually represented by a dot or square) is the smallest unit of a digital image that can be displayed and edited on a computer screen. Each pixel can have its own individual colour and when pixels are combined together they produce a complete image. The number of pixels on a typical computer screen depends on the size of the screen and the graphics card used by the processor.
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When an image is created using pixels, each pixel is stored as a series of binary digits. The number of bits used to store a pixel depends on the range of colours used. For example, to use 256 different colours for a pixel will require 8 bits for a pixel to be stored (28 = 256).


Image resolution tells us the quality of an image. The greater the number of pixels used in an image, the higher the resolution and the sharper the image. However, higher resolution images need more storage space. Image resolution is represented by two numbers, such as 1280 × 720. The first number is the number of pixels displayed horizontally and the second number is the number of pixels displayed vertically. The position of a pixel in an image is given using a system similar to (X, Y) coordinates.


Bitmap and vector-based graphics


Bitmap graphics


Bitmap graphics are made up of a grid of pixels. If you use your mobile phone to take a photograph, or you scan a picture into your computer, you are creating a bitmap image. The higher the resolution of the mobile-phone camera you are using to capture the image, the higher the quality of the image will be. In other words, the more pixels, the better the resolution of the image. This will also require more storage space to save the image.
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Bitmap graphics store details about every individual element (pixel) of the image and since each pixel could have a different colour, this means an image can be very complex. Because the computer has to store every pixel, the file size of a bitmap image can be very large. Large bitmap images can take a long time to load from the computer’s memory. Bitmap images can be compressed to reduce the file size but this may result in a loss of quality.


When you zoom in to or enlarge a bitmap image, pixelation can occur. This means that the pixels become larger on screen and look like a number of small blocks put together. This is the reason why bitmap images are poor quality when enlarged too much.


Vector-based graphics


Vector-based graphics are not made up of a grid of pixels. Instead vector-based graphics store information about the components that make up an image. These components are based on mathematical objects such as lines, curves and shapes. This means it is possible to edit these objects separately, for example by changing the colour, size or the position of the object.


Vector-based graphics do not depend on resolution for quality. Because they store details about the shape of individual image objects they require less storage capacity compared to using pixels. This means they can be saved as smaller files and can be easily edited without loss of quality. Since vector-based images are not made up of a grid of pixels, they can be enlarged and not lose image quality.


Buffering and streaming a video


A large video can take a long time to download from the internet. Streaming is a process that allows video to be viewed on a website or app straight away, without having to wait for the full video to be downloaded. Using streaming, the user can start watching the video as it downloads in ‘real time’ rather than downloading and permanently storing the complete video to be watched later.


A buffer is an allocated part of memory that is used to store a downloaded part of the video before it is watched. When a user is watching a video, a buffer is used to download the next part. This helps to prevent possible disruptions in streaming while the video is playing, for example if the speed of the internet connection is inconsistent or if the internet connection is temporarily lost. Buffering helps to improve the streaming experience.


Representing sound
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Analogue to digital conversion



An analogue signal is described as a continuous varying signal that represents a physical quantity such as sound. Before a computer can process analogue signals (in this case, sound waves) they need to be converted into a digital format (binary). For this to happen, the sound first needs to be captured by an input device, such as a microphone, and then converted to a digital signal using an analogue to digital converter (ADC).


An analogue to digital converter will sample a sound wave at regular time intervals. If the number of sound samples per second (sample rate) is low, there will be a loss of audio quality because the samples do not show what the sound wave is doing in between each time sample. To ensure the original sound is maintained, sampling per second should be increased. The frequency at which samples are taken is known as the sample rate, measured in Hertz (Hz) (see above).
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Data portability


Data portability is the ability to transfer data from one computer to another or from one software application to another without having to re-enter the data. Different types of data need to be stored using particular formats to ensure data is portable between different software applications or different computer systems.
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Data compression


When we include images on webpages it is important that these images can be downloaded in an acceptable time. When creating and editing graphical images it is important to consider how the final graphic will be distributed when deciding what file format to save the graphic image in.


To ensure that we maximise the potential of these aspects it is important to reduce the storage requirements of image files and audio files data, allowing uploading or downloading to and from the internet at faster transfer speeds.


Data compression is used to convert digital data to as small a size as possible while still maintaining the quality of the data contained in the file. Data that has been compressed takes less time to upload and download. There are two main types of data compression: lossy and lossless.


Lossy compression reduces the file size by removing some of the data, for example by reducing the number of colours used in an image. This can result in a small reduction in quality of an image. Once a file has been compressed using this method data is permanently lost. JPEG is an example of a lossy compression method.


Lossless compression maintains the quality of the file, so no data is lost. An example of this form of compression is the use of WinZip® software, which reduces file size by ‘zipping’ up a file, so it can be sent over the internet. The file can then be recreated (unzipped) exactly as it was before it was compressed.
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Tasks





1  Distinguish between bit depth and bit rate when capturing sound for a digital device.



2  Define the purpose of an ADC.
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Checkpoint





•  Data is raw facts and figures. Information is data with meaning.



•  Computers store data in digital format using the binary number system.



•  ASCII is a character set used to represent letters, digits or punctuation marks in binary format.



•  A bitmap graphic can be formed as a number of pixels. The more pixels the better the resolution of the image.



•  A vector-based graphic is formed using mathematical objects such as lines and curves.



•  Videos that are streamed can be viewed straight away as opposed to downloading before viewing.



•  An analogue signal is a varying signal that represents a physical quality such as a sound wave.



•  Text and graphics use standard formats to allow data to be portable.



•  Data compression is the act of reducing the file size which will decrease transmission speeds.
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Practice questions





1    Using an example, distinguish between data and information.


[4 marks]



2    Why does a computer use ASCII codes?


[2 marks]



3    State three ways in which a date could be formatted as a data type.


[3 marks]



4    Describe two differences between vector-based graphics and bitmap graphics.


[3 marks]



5    Describe what is meant by the term ‘pixelation’.


[3 marks]



6    Explain how the number of pixels can affect the resolution of an image.


[4 marks]



7    Explain how a buffer can assist in the process of video streaming.


[4 marks]



8    Name and describe two graphic file formats.


[6 marks]



9    Name and describe two text file formats.


[6 marks]



10  Explain how data compression can assist in uploading a file to the internet.


[4 marks]
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Chapter 2 Software
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What this chapter covers





•  System software



•  Modes of processing



•  Utility software



•  Role of anti-virus software
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System software


System software is often described as the interface between computer hardware and user application programs. It enables the computer to operate its hardware and applications software. Application software enables the computer to do a particular task such as word processing.
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Types of system software include the operating system and utility programs. The operating system is an essential piece of software that manages all other programs being used on a computer.


Microsoft Windows is a common operating system.




[image: ]






[image: ]


RAM is discussed in more detail in Chapter 5 Computer hardware (Unit 1).
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Modes of processing



Real-time processing


In real-time processing, data is processed immediately after it is input. The output generated is processed quickly which influences the next input received.


Applications that use real time processing include:





•  airline/concert booking systems



•  online stock control systems



•  air traffic control systems.





In computer-controlled systems, such as air traffic control, real-time processing is essential to avoid a disaster. For example, the current position of an aeroplane needs to be shown on the operator’s screen. As an aeroplane changes its position, the output on the screen must be updated immediately to show the actual ‘real’ position of the aeroplane. This ensures the pilot gets the correct information and avoids other aircraft.
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Tasks


Use the internet to research how applications use real-time processing.
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Batch processing


Batch processing involves collecting groups (or batches) of similar data over a period of time (days, weeks, months) and then inputting the data at an agreed time. These batches of data are then processed collectively without human involvement. This type of processing suits applications where data does not have to be processed immediately. All the processing can be done at a convenient time when a computer system is least busy (such as at night or the weekend). Applications that use batch processing tend to have huge volumes of data to collect and process.




[image: ]




While the computer system is processing ‘a batch of data’ it cannot be used for any other activity. Therefore if the computer is used for batch processing overnight it can be used for other activities during the day, such as an enquiry system to answer customer billing queries.


Applications that make use of batch processing include:





•  billing systems (electricity/gas/telephone)



•  payroll systems (weekly/monthly)



•  banking systems (monthly customer statements).





Consider an electricity billing system that is used to collect meter readings from houses and produce quarterly bills for electricity usage. The computer has almost all the information required to produce the bill such as the customer account number, customer name, address details and a history of meter readings. This information does not change in the short term (from one billing period to the next) and is stored in the customer master file.


When a meter reading has been collected, the customer account number and the meter reading are entered into the computer. This data is used to create a transaction file (or a temporary file). Using the customer account number on the transaction file and the same customer account number on the master file, records are matched to allow other customer details to be retrieved (such as customer name and address) and the calculation of the bill takes place.


The bill is then calculated by multiplying the number of units used by the price per unit.


Finally, batch processing then occurs when a ‘batch’ of bills are produced and sent to customers. Once a bill is paid, the customer master file is updated using the transaction file to produce a new master file ready for the next billing quarter.
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Tasks


Use the internet to research how applications use batch processing.
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Multi-user system


A multi-user system involves many users at different computers sharing the processor of a powerful computer. It is also referred to as a ‘time-sharing’ system. It works by the operating system switching at high speed between the computers giving each one in turn a small amount of processor time known as a ‘time slice’.


Utility software


A utility application is a program that carries out a specific task to assist the operating system such as:





•  disc defragmentation



•  task scheduling



•  data backup and restore.





Disc defragmentation


Before a file is stored on a disc it is broken down into a number of data blocks by the operating system. Each block is then stored in a free block space on a disc. It is not always possible for the operating system to locate enough adjacent free block spaces for the blocks to be stored together. Therefore a single file may be broken up and stored in different parts of the disc. This is known as file fragmentation.


Over a period of time as new files are saved to a disc and older files are deleted from the same disc, a number of free blocks which are spread across the disc will be available to store new files. Therefore a large file will be more than likely stored in a fragmented way.


As part of the disc maintenance process a utility known as a disc defragmenter can be used. This rearranges the data on the disc so that:





•  files are stored in blocks that are all together.



•  all the free blocks (free storage space) are together in the same part of the disc.





The process of defragmentation also speeds up the time it takes to access files because all the data is stored in the same area of the disc.



Task scheduling



Task scheduling is a method by which the processor time is divided amongst a number of tasks. The aim is to make maximum use of the processor time, therefore making the system more efficient.


In multi-user systems that use time slices, this is accomplished using a ‘round robin’ method. The processor deals with a task from the first computer and then moves to the next in sequence, and so on. When it reaches the last computer it automatically starts over again with the first computer. Due to the high speed of the processor, each user appears to have uninterrupted access to the powerful computer. So it attempts to process as many tasks as possible in a given timeframe.


Data backup and restore


A backup is a copy of the original data or file in case it gets damaged or lost. A business or an organisation should have more than one copy of their data in case a:





•  hard disc fails



•  virus destroys the data stored



•  user accidently deletes a file



•  fire destroys the building where the data is stored.





The backup should always be stored off site in a secure location. It can then be used to restore the original data to its previous state by uploading the latest backup file onto the system. If the data is not backed up then the situation could be disastrous for an organisation. It would be difficult for a hospital to tell the public that they have lost all patient records.
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In some organisations, data does not change often so backups may take place at the end of each day. In other organisations that use real-time processing, the backups take place as soon as a transaction is processed. Backups can be scheduled to take place during the night, when network traffic is low and bandwidth is high.


A backup procedure may involve backing up the complete data file (full backup) or just backing up the data that has changed (incremental backup).


Role of anti-virus software


Anti-virus software is not part of a typical computer’s operating system. It is normally installed on computers connected to the internet. Its main purpose is to detect, locate and remove a virus that can infect a computer system.
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A virus is a program that can attach itself to a file and once the file is opened it can then spread to other files and to other computers linked to the internet. A virus can intentionally damage a computer system, prevent it from booting up or even slow down the performance of a computer.


Anti-virus software can scan files stored on a computer and data entering a computer system and compare these to a known database of viruses. It is important that the database of viruses is regularly updated so that the anti-virus software can detect all known viruses including any new viruses that have been created. The software can scan all storage devices connected to a computer such as the internal hard drive and all external storage devices.
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Tasks


Use the internet to compare different types of anti-virus software available for home users.
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Checkpoint





•  Software is classified as systems software or applications software.



•  The operating system manages the functions of the hardware providing an interface to allow users to communicate with the computer system.



•  Real-time processing applications need to process data immediately it is received and update files before the next input occurs.



•  Batch processing collects data over a period of time and then processes it together at a later stage.



•  Utility programs include disc defragmenters, task schedulers and backup and restore programs.



•  Anti-virus software is a utility that detects and removes viruses that can affect the performance of a computer system.
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Practice questions





1  Distinguish between system software and applications software.


[4 marks]



2  Describe three main functions of an operating system.


[6 marks]



3  Using an application, describe the main features of real-time processing.


[4 marks]



4  Using an application, describe the main features of batch processing.


[4 marks]



5  What is meant by a multi-user system?


[3 marks]



6  Name and describe two utility programs.


[4 marks]
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Chapter 3 Database applications
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What this chapter covers





•  Database concepts



•  Data types



•  Data validation



•  Logical operators
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Database concepts


Tables, records and fields


When data is organised into files, and each file is organised into a number of rows and columns this is referred to as a table or ‘flat file’. A table is two-dimensional hence the description ‘flat file’. The table below can be referred to as a ‘customer’ table.
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A file or table such as the one above consists of a number of records. A record is represented as a row in a table. A record consists of data items related to an object or person.


A field is part of a record that stores a single data item. In a table, each field is represented by a column and is referenced by its field name (the column title). The key field (or primary key) is the field used to uniquely identify one record. In the table above the key field is CustomerID; each customer has a unique ID.


Queries, forms and reports


While tables store data, a database uses a number of tools that allow you to interact, extract and present information that is required. Queries, forms and reports are three such tools available in a database software package.


A query is a way of searching and extracting data from a database to find the answer to a question. The query/search checks each record and produces a list of data that satisfies the query criteria. To create a query, criteria are added to one or more fields in the table.
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Forms are a common way to collect data from people. They can be used to enter a new record, modify an existing record or to view records already stored in a table. When data is entered into a form, it is automatically added into the specified table and stored as part of the database.


When there are a number of different tables in a database, forms make it easier to enter data as one form may include fields from different tables. When the user enters data into the form the database software will ensure the data is stored in the correct table.


Another advantage of using forms to enter data into tables is that the database designer can control the type and format of the data ensuring that it is kept consistent and accurate. Forms can also be customised to include a logo and colour.
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A report allows tables and results from queries to be presented in a user-friendly way. The layout of the report can be customised, making it visually attractive and easy to read for the intended person or organisation. The data can also be presented by grouping similar data or sorting it in ascending or descending order.
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Macros



A macro is a small program written to perform a repetitive database task automatically. In a database, macros allow functionality to be added to both forms and reports such as adding a new record, deleting an old record or updating an existing record. Instead of entering multiple instructions each time a task is performed, the user only needs to perform a single operation, such as clicking on a button, and the instructions stored within the macro are executed.
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Tasks


Identify the features used in both the form and the report above.


[image: ]







[image: ]


Tasks


Use the internet to research different ways a macro could be used in a database.
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Database relationships


It is possible to link together two tables in a database using a relationship. To do this, a common field has to exist in each table to allow the link to be made; the key field from one table is stored in another table as a non-key field (also called a foreign key). In the example below, ‘customer number’ is the key field in the customer table and a foreign key in the activity table to create a relationship. The degree of relationship can be categorised as a one-to-one, one-to-many or a many-to many. In the example below the degree of relationship is one-to-many and this can be described in words as ‘one customer can book many activities’.
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Database relationships are also explored in Chapter 11 Designing solutions (Unit 2).
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To ensure that the data entered is consistent in both tables, a feature called ‘enforce referential integrity’ can be applied to the relationship between the tables. This feature also ensures that when a customer record is deleted in the customer table, then all records in the activity table linked to that customer will also be deleted.


Importing data


Spreadsheets are useful for importing data as they allow easy manipulation and analysis of numerical data. However, a database package can store several linked tables which makes consolidating and organising data an even easier task. It is possible to import a number of worksheets from a spreadsheet to a database package or vice versa which gives organisations more flexibility in handling their data.
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Tasks


Using a spreadsheet saved in your documents, import it into a database package.
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Data types



When a database is created, each field within the record structure is named and an appropriate data type is attached to the field name. The data type defines the type of data associated with the field.
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Data validation


A computer automatically checks data at the input stage to ensure it is reasonable, sensible and within acceptable limits. Data validation guarantees that data is present and the correct type, range or length.


Data that does not conform to specified rules is rejected. When the computer checks input data it either accepts the data or displays an error message giving a reason why the data was rejected. A number of data validation checks exist: presence, length, type, format and range checks.



Presence check



A presence check ensures that data is present; the area cannot be left blank. This type of check is mainly used when you complete an online form. In the database table below, the description for ‘Town’ must be entered for each customer. To ensure this, there is a presence check in the field description for field name ‘Town’ (‘Required’ is set to ‘yes’ and the validation rule states ‘Is not Null’).
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Length check


A length check ensures that data entered is the correct number of characters. In the example below, every CustomerNumber in the database must contain six characters.
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Tasks


Use the internet to research how data types are used in data collection forms.
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Type check


A type check is used to ensure that the data entered is of the correct type. There are several different data types including: numeric, text and date (see example above).



Format check



A format check ensures that data entered matches a predetermined pattern. For example, a postcode would have a pattern such as BTXX XXX. The database would only allow data to be entered in this format.
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Range check


A range check ensures that data entered is within a lower limit and upper limit. In the example below, the number of people included in a group activity booking must be between 2 and 15.
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Logical operators


Comparing a value against other data is a typical operation when data is queried in a database. Comparison operators allow this to be done. For example, the comparison operator < indicates that the data entered must be less than a specified value for the result to be correct.
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Logical operators are also used to analyse two values and return either a true or a false result. When there are only two possible results (true/false or yes/no) these are called Boolean operators. These operators are denoted by words such as AND, OR and BETWEEN.
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Checkpoint





•  A database file (or table) is a number of records. Each record has a number of fields.



•  The field that uniquely identifies a record is the key field.



•  Different data types are used when defining fields, for example, currency is used for a field ‘product price’.



•  A query is a way of searching and extracting required data from the database.



•  Forms allow data to be collected and entered into a database.



•  A report allows tables and results from queries to be presented in a user-friendly manner.



•  Macros allow users to perform a single operation by clicking on a button that represents a set of instructions.



•  Data validation checks that data is reasonable, sensible and within acceptable limits.



•  Logical operators are used to analyse two values and return either a true or a false result.
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Practice questions





1  Complete this table.


[8 marks]
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2  Using the table above, identify and justify which field is suitable for a key field.


[2 marks]



3  State three features that should be included in an on-screen form design.


[3 marks]



4  Explain the difference between a query and a report as used in a database.


[4 marks]



5  Define the term ‘macro’.


[2 marks]



6  Explain how relationships are used in a database.


[4 marks]



7  What is meant by ‘importing data to a database’?


[4 marks]



8  Explain how logical operators are used in designing database queries.


[6 marks]
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Chapter 4 Spreadsheet applications
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What this chapter covers





•  Spreadsheet structure



•  Cell formatting



•  Worksheet presentation



•  Formulas and functions



•  Using spreadsheets for data modelling
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Spreadsheet structure


A spreadsheet contains one or more worksheets which are used to present and manipulate data. A worksheet is presented as a grid in the form of rows and columns. Spreadsheets are mainly designed to allow applications to perform calculations and recalculations automatically. A cell has a column reference (a letter) and a row reference (a number). When referring to a cell, the column reference is always stated first. For example, H8. It works the same way as co-ordinates in mathematics.


Cells can store data in a variety of forms: text, number, date, formula or a reference to another cell.
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Spreadsheet data can be formatted as general, number, currency, date, time and percentage as can be seen below.
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Cell formatting


Formatting allows a user to control the contents and appearance of a cell, for example aligning text, changing the font, adding a border or adding background colour.
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Tasks


Suggest suitable data types for some of the columns in the spreadsheet above.
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Conditional formatting allows a specified format, such as cell shading or font colour, to be applied to a cell or group of cells if a specified condition is met. In the example on the next page, if the number in the group is greater than 5 then the cells will be displayed as ‘Light Red Fill with Dark Red Text’. If the condition is not met then nothing will happen to the formatting of the cells selected.
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Data validation


It is possible to control the value input to a given cell(s) by using the data validation tool. For example, if the number in a group must be at least 1 and no greater than 10, a range check where the values lie between 1 and 10 can be created in the validation criteria. It is also possible to define the data type to be used in this range. In the example below, the number is defined as a whole number.
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Tasks


Research how different validation checks could be used in a spreadsheet.
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To guide and inform the user, a suitable error message can be created as part of the validation check. This error message can be set to pop up as a dialogue box to encourage the user to retry entering valid data.
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Worksheet presentation


Templates


A template is a document that has been formatted using a predetermined layout for the user. It serves as a starting point for a new document. For example, a budget template will have allocated places for entering data such as income and expenditure data for a company budget.


Importing data


Data can be imported into a spreadsheet from other software sources (such as a database table) using a wizard, which guides the user through a series of steps. Each step involves asking the user a question, through the use of dialogue boxes, until the data has been successfully imported. In some cases the file being imported may have to be in a certain format such as csv (comma separated variable) before the import process can begin.
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Headers and footers


To improve the presentation of worksheets, headers (placed at the top of the worksheet) and footers (placed at the bottom of the worksheet) can be added. These can be used to add page numbers, filenames or dates.
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Formulas and functions


Formulas


Formulas allow a spreadsheet to perform calculations, and automatic recalculations if values in the associated cells change. A formula tells the computer what mathematical operation(s) needs to be performed on a specific cell(s). Simple formulas calculate totals for rows or columns.


A spreadsheet formula must begin with an equals sign (=), followed by an inbuilt function, followed by a cell reference(s) and/or a value(s). When a formula is entered into a cell it can be replicated quickly down a column or across a row using the Fill function.
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Simple functions
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Tasks


Use Excel to find other simple functions that could be used. For each function found suggest an example of how it could be used.
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More complex functions


Using the IF statement


This function allows a condition to be examined resulting in one of two actions being carried out.
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Consider this example:
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Using the VLookup function



The VLookup function uses the value in a selected cell to ‘lookup’ a match in a column of a lookup table (vertical lookup). It then returns a value from a specified column from the same row of the lookup table. Consider the example below where the activity number is used to lookup an activity table to find its cost.
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To use this function, click on the Formulas tab and select the Lookup & Reference menu, and then the VLOOKUP function. Then enter the cell reference that will collect the lookup value, the table cell range and the table column number where the activity cost will be found. The value from the table will be automatically copied into the seleted cell (E2).


Relative and absolute cell reference


When a formula is automatically copied down a column or across a row using the Fill function, a relative cell reference adjusts and changes the formulas to make sure it refers to the correct cell(s).


For example, in the spreadsheet below, when ‘filled down’ the formula =C2*D2 changes to =C3*D3 and then to =C4*D4 and so on.
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In some cases, the cell reference must remain the same when it is copied. This is called an absolute cell reference. For instance, to convert the amount to pay from pounds into Euros, the same exchange rate for each group calculation would need to be used.


In this example, each group is offered one of two exchange rates depending on the total amount to pay. As the formula is copied from group to group, the cell references B18 and B19 (which give the two possible exchange rates) must remain the same. To create an absolute cell reference a $ sign is used ($B$18) to ensure that this cell reference does not change. This means the cell is locked into the calculation as the formula changes.
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Using charts to display results


Using charts can help visualise the data from a selected worksheet. Once data has been selected, users can choose their preferred chart (bar chart, pie chart etc.) from the charting tool to enable data to be displayed graphically.


Using charts can greatly assist in the communication of information when an organisation is doing a presentation for its clients. The presentation of the chart can be enhanced by adding chart titles, legends and colour.
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Tasks


What are the advantages of using charts to display information?
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Using macros in spreadsheets


When using a spreadsheet, a macro (a small program written to carry out a task) can eliminate the need for the user to repeat the steps of commonly performed tasks over and over again. Automating these repetitive tasks saves the user time. These tasks could range from adding a date to a worksheet to sophisticated calculations that require complex formulas.
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Macros are also explored in Chapter 3 Database applications (Unit 1).
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Using spreadsheets for data modelling



Spreadsheet software is increasingly being used in organisations for data modelling, whereby the model is controlled by a set of rules defined by formulas. By changing the formulas, the rules of the model can be varied. For example, an organisation could find out what would happen to the income from product sales by changing the product price of one or more items. When the product price is changed the formulas will automatically recalculate the values for income and sales as the spreadsheet is continually updated.


Being able to answer ‘what if’ questions, such as ‘What if we increase the number of employees by 10 per cent; will it decrease our profits?’, allows organisations to predict future outcomes. Therefore using a spreadsheet to model data can help answer key questions when making predictions and allow managers to make better-informed decisions for future planning.


Using graphs makes it easier for managers to understand the outcomes of spreadsheet modelling and allows an organisation to see trends over a period of time. For example, a bar graph could be used to show possible sales for the next five years within an organisation. This will also assist managers if they have to make a presentation to the directors of the organisation on future sales.
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Checkpoint





•  A spreadsheet consists of a number of worksheets.



•  A worksheet has a number of rows and columns and each cell is identified by a column reference and a row reference.



•  Data entered into a cell can be formatted using a data type.



•  Data validation can be used to control the data entered into a cell.



•  A template can be used to determine the layout of a worksheet.



•  Formulas and functions can be used to carry out automatic calculations.



•  An absolute cell reference is used to ensure the cell reference remains the same when it is copied.



•  Graphs and charts can be used to enhance presentation of results.



•  Macros can be built and used to carry out a particular task in the spreadsheet.



•  Spreadsheets are used in applications that carry out data modelling.
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Practice questions


John is planning a party to celebrate a special birthday for his mother.
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1  How have the cells in row 3 been formatted?



2  How can the data in cells B5 to B12 be used to help John plan the party?



3  In the table below, write down the formula used to calculate the values in the cells.
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4  John’s spending does not match his available money. What information is available to him in column E?



5  Complete the IF statement which provides the information in E11.
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6  John wants to show the information about party costs on a graph. By making reference to cells, explain how a bar graph could be produced.



7  Explain an advantage of presenting information on a graph.



8  John wants to create a macro to print the graph. What is a macro?
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Chapter 5 Computer hardware
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What this chapter covers





•  Central processing unit (CPU)



•  Fetch–execute cycle



•  Factors that influence the speed of processing



•  Computer hardware devices



•  Internal memory
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Central processing unit (CPU)


The CPU (central processing unit) is often referred to as the ‘brain’ of the computer. The CPU is a microprocessor; its main role is to process programs and data. It does this by repeatedly fetching an instruction from memory and executing it (carrying out the instruction). This is known as the fetch–execute cycle.


There are three main components of a CPU:





•  control unit



•  arithmetic and logic unit (ALU)



•  immediate access store (IAS).
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Control unit


This component manages the execution of instructions (usually one at a time), which are usually in some sort of order, using the fetch–execute cycle. This is done by sending control signals to other parts of the CPU. It has three main jobs:





1  To decide which instruction to carry out next and fetch it from memory.



2  To decode the instruction (work out what needs to be done to carry the instruction out).



3  To execute (or follow) the instruction.
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The arithmetic and logic unit (ALU)


This component processes data that requires arithmetic calculations to be carried out, such as addition, multiplication, subtraction or division. It also performs logical comparisons to assist with decision making by using logical operators AND, OR and NOT.
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Logical comparisons are discussed in more detail in Chapter 22 Digital data (Unit 4).
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Immediate access store (IAS)


Immediate access store is also referred to as main memory. This component stores all programs and data temporarily whilst they are in use. (These programs and data are also stored permanently on an external storage device such as a hard disc.) During the fetch–execute cycle, instructions are fetched from their specific storage location in the IAS using an address. Each memory location has a unique address assigned to it.


Fetch–execute cycle


The CPU includes a number of registers. These are high-speed memory locations, each used for specific purposes. The registers below have an important role during the fetch–execute cycle.


Program counter (PC)


A program counter is a CPU register that stores the address (memory location reference) of the next instruction to be fetched. As many program instructions are ordered in sequence, the program counter is automatically incremented by 1 every time an instruction is fetched. Therefore the program counter points to the next instruction address in sequence.


Memory address register (MAR)


All program instructions are stored in the main memory of the CPU in a number of memory locations. Each memory location contains a unique address. The address of the current instruction or data being executed is temporarily stored in the MAR.



Memory data register (MDR)



This register will temporarily store data being fetched from or written to the main memory of the CPU. All data transferred from main memory to the CPU goes via the MDR.


Instruction register (IR)


This register temporarily stores the current instruction to be decoded and then executed, having been fetched from the main memory.


Accumulator


The accumulator is a dedicated register which is part of the ALU. When calculations take place on data, the results are initially stored in the accumulator before being transferred and stored in the main memory. Therefore it is the default location to store any calculations performed by the ALU.


Factors that influence the speed of processing


Clock speed


The clock speed is an indicator of the speed at which the CPU can operate. The standard unit of measurement for clock speed is gigahertz (GHz) and this is a representation of how many instruction cycles the CPU can deal with in a second. For example, a 5 GHz CPU performs five billion instruction cycles a second.


The default setting on a computer’s clock is normally set to the maximum clock speed. Although clock speed is one way to measure computer power, increasing the clock speed does not automatically increase the performance of the processor. If the speed capability of the hardware used by the processor does not change, then doubling the clock speed of the processor will not increase the overall speed of processing.


Cache


Cache memory can be used to store temporarily frequently used instructions and data. It is a small capacity memory which is situated between the processor and RAM. The control unit of the CPU will automatically check the cache memory first when fetching an instruction. It is quicker to search cache memory rather than RAM because cache memory has a significantly lower storage capacity than RAM, resulting in reduced search times. Therefore, using cache memory results in an increase in processor speed.


Processor core


A core can be defined as a single processor (or a processing unit) with its own control unit, ALU and registers. More advanced CPUs contain more than one core which will increase their ability to run many programs at the same time. For example, a ‘dual core’ CPU has two processors whilst a ‘quad core’ processor will have four processors.
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Tasks


Use the internet to research the speeds of processors produced by different computer manufacturers.
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Computer hardware devices



Microphone


The purpose of this device is to accept sound input or human voice into a computer system. A voice recognition system converts sound to text or accepts spoken commands. These systems require a user to train a computer to recognise their voice and match spoken words and phrases with those stored in a database. Microphones are also used to record music in analogue format and store it in digital format.


Headsets which include a microphone and headphones are used in gaming applications where a user plays with others online via an internet connection. They are also used in applications such as Skype, where people speak to each other over the internet using VOIP (Voice over internet protocol).
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Advantages of using a microphone





•  Faster to speak using a microphone than keying words using a keyboard.



•  It is hands free allowing users to carry out other activities at the same time as voice input.





Disadvantages of using a microphone





•  The recognition rate of spoken words can be low if there is background noise.



•  Sound files require greater storage capacity than a text file.





Mouse


A mouse is also referred to as a ‘pointing device’. It is designed to fit under the hand and when moved controls the pointer on a visual display unit (VDU). A mouse uses built-in sensors to detect movements and send corresponding signals back to the computer. A mouse can also use infrared or wireless technology which removes the need to connect the mouse to a computer with a USB cable.
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A mouse includes two or three buttons which are used to make selections on the screen. On a typical mouse, the left-hand button is used to make selections such as selecting options from menus, selecting icons and positioning the cursor on the screen, while the right-hand button is used to display a pop-up menu at the position of the cursor. The middle button is used to scroll up and down the VDU.
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<action 1 is carried out>
ELSE
<action 2 is carried out>
ENDIF
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@ You can only enter numbers between 1and 10.
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Example

Meaning

SUM =SUMIC3:C10) The cells in the range C3 to C10 are added
together and total calculated.

AVERAGE | =AVERAGE(C3:C10) | The cells in the range C3 to C10 are added
together and the average calculated.

MAX =MAXI(C3:C10] The highest value in the cell range from C3
to C107is returned.

MIN =MIN(C3:C10) The lowest value in the cell range from C3

to C10/is returned.

A Table of simple functions that you need to know
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IF ‘Group Cost’ 1s less than or equal to £150
THEN
Give 10% discount off next booking
ELSE
Give 20% discount off next booking
FNDIF
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Integer numbers: an integer can be a positive or negative whole
nurnber, which has no decimal or fractional parts.

Real numbers: real numbers include whole numbers (integers)
and numbers with decimal/fractional parts. Real numbers can be
positive or negative.

This determines the way that the date or time appears when it is
displayed or printed by a computer. You can use a predefined format
that already exists in the software or create your own customised
date and time formats.

Examples of predefined formats:

Long date
Medium date
Short date
Long time
Medium time
Short time

Displayed as Saturday, April 1, 2018
Displayed as dd-mmm-yyyy Example: 1-Apr-2018
Displayed as dd/mm/yyyy Example: 01/04/2018
Displayed as hh:mrm:ss Example 13:26:34
Displayed as hh:mm PM/AM Example 01:26 PM
Displayed as hh:mm Example 13:26

A character is a single letter or digit represented by codes from the
character set used by the computer (such as ASCII].

Astring is textual data in the form of a sequence of characters from
a character set. This could be in the form of a word. A string will
have avariable number of characters.
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Sample rate

This is the number of audio sound samples captured every second to represent the sounds
digitally and is measured in Hertz (Hz). The more samples that are taken per second the more
accurate the digital representation of the original sound (resulting in higher quality sound) and
the shape of the sound wave is captured more accurately.

Bitdepth | Bit depth is the number of bits used to store each sound sample. Higher quality sound requires
a higher bit depth. Bit depth is usually 16 bits on a CD, which has a resolution of 65 53 possible
values (216). Bit depth is higher on a DVD which is usually 24 bits.

Bit rate

Bit rate refers to the quantity of data measured in bits that is processed in a given amount

of time. This is usually in kilobits per second. For example, a typical iTunes song stores 256
kilobits of data in every second of a song.

A Factors affecting the quality of sound when it is recorded using a computer
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1 Party venue Club 2020
2 Available money £400.00
3 | Party costing
4 Item Estimated cost | Actual cost Difference = Within budget
5 Hire of Venue £100.00 £110.00 -£10.00 No
6 DJ £120.00 £100.00 £20.00 Yes
7 Food £60.00 £75.00 -£15.00 No
8 Prizes £50.00 £70.00 -£20.00 No
9 Decorations £50.00 £45.00 £5.00 Yes
10 EEEH £25.00 £30.00 -£5.00 No
n Insurance £35.00 £30.00 £5.00 Yes
V3l Other £60.00 £90.00 -£30.00 No
kIl Total costs £500.00 £550.00 -£50.00
/A Over budget £150.00
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Batch processing
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A Batch processing
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A Simple layout of the fetch-execute cycle
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A Computer viruses can
damage the performance of
a computer.
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A A headset incorporating a
microphone and headphones
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CustomerlD

Surname

FirstName

Gender | TelephoneNumber

Email

Bradley | Alec 17/08/72 Y 02966474911 abradley@blue.com
2 Sloan Jenny 05/07/61 |8 02937667891 jsloan@vortel.com
3 Coary Ben 01/12/80 14 02994467914 beoary@blue.com
4 McGlone | Alice 06/05/56 2 02990875432 amcglone@yellow.eu
5 McKelvey | Jude 12/11/60 02986334556 jmckelvey@one.com
6 Stewart | Catherine | 30/06/75 02990909876 cstewart@one.com
7 01/05/95 02990987602 bkelly@fast.co.uk
8 Noble Bernard 15/11/80 02966786311 bnoble@openup.com
9 Girr Tracey 09/09/98 02982763209 tgirr@educ.co.uk
10 McNally | Mary 17/04/78 02990001166 mmcnally@email.com

Record
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Activity Bookings |

Location  BookingDate ActivityDate  Activity Sumame  FirstName

15-5ep-14]| 23-Mar-16][Archery Tumer Ciaran
07-0ct-14 | 30-Dec-15 | Karting Quinn | Michael
12-Jun-13][  16-Jun-15 [ Archery McElhone | Liz
wre:ﬂa’i' 16-Feb-16| 7An:h=ry carroll I[Fohn
10-Nov-13 || 13-Nov-15 | Karting Mckelvey | Jude

| os-May-14]| 07-may-15 | Archery Stewart Catherine

[

| 17-Mar-1a| 21-Mar-16][Quad Biking | Doherty Clara

| 30mar-1| 02Apr-16|[Horse Riding || Murray Gareth

| 17-Mar-1a]| 20-Mar-16| Quad Biking | McNally [Mary

A Report showing bookings made by customers grouped by location
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A This form includes fields from a customer table and a booking table anc
is designed to allow customers to enter events they would like to book.
These detaile are then added to both tables in the database.
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Text and data that is a mixture of text and numbers, such as a
postcode.

Numbers that do not require calculations.

Short text’ is used for a small number of characters. ‘Long
text'is used for a large number of characters (such as a
product description field).

Numeric data that requires a mathematical calculation.
Dates and times (for example, a date from a pop-up calendar).

Monetary data such as ‘item price’. [This data type includes
two decimal places.)

To create a key field the computer generates sequential
numbers which are automatically inserted for each new
record created.

The data entered into the field contains one of two possible
values such as Yes/No or True/False. This data type is called a
Booleanvalue.

Object linking and embedding, such a word-processed
document or a spreadsheet. These objects have been created
using a software package other than a database.

The data type is a link to web address [URL] or an email
address.

Files are attached to a record, for example a digital image.

For the result of a calculation produced from another field in
the record.

To create a list of values. A value can be selected from the list
and entered into the field.





