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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
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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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An information system





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.
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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.
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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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A number of pixels are put together to provide an image. Each pixel can be a different colour.



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 and vector-based graphics



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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How a sound wave alters when converted from analogue to digital






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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The key components of a computer: hardware, system software and application software



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.
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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.

[image: ]






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.
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Batch processing



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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The process of data backup



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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Computer viruses can damage the performance of a computer.



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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The operating system organises the use of main memory
between programs and data files. Programs and data files
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a hard disc into main memory (such as RAM) before they
can be used. The operating system does this by locating
free memory space in RAM and then allocating this to the
program or the data file. When programs and files are no
longer required by the user they are transferred back out
of main memory to the hard disc.

The operating system can manage the storage of data and
files. Data and files need to be saved, and data and files
that are no longer required need to be deleted.

System software allocates processing time between the
running programs and the users. It divides the time into a
number of time slices and depending on the priority of the
tasks to be processed, each task s allocated a number of
time slices. System performance includes response time
and processor usage and this is monitored by the system
software.
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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 Displayed as Saturday, April 1, 2018

Medium date ~ Displayed as dd-mmm-yyyy Example: 1-Apr-2018
Shortdate  Displayed as dd/mm/yyyy Example: 01/04/2018
Longtime  Displayed as hhimm:ss Example 13:26:34
Medium time  Displayed as hh:mm PM/AM Example 01:26 PM
Shorttime  Displayed as hhumm 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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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.
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JPEG (Joint Photographic Expert Group) files support the compression of images. The level of
compression canvary and can be controlled by the user. Higher compression will reduce the
quality of the image but decrease the file size (hence making the image load quicker]. JPEG
images are often used on web pages.

TIFF (Tagged Image File Format) files store bitmapped images. This file format allows the
image to be portable so it can be moved between a Windows (PC) and an Apple environment.
TIFF image files retain their quality but larger file sizes compared to JPEGs.

PNG [Portable Network Graphics) allows data compression of bitmapped graphics. PNG format
was developed to support the sharing of graphics via the internet whilst maintaining the quality
of the image.

PICT files are the standard file format for Apple graphics. They can support graphic interchange
between both bitmapped and vector-based graphics.

GIF (Graphics Interchange Format] supports bitmapped image file formats. This format uses
a form of compression that does not degrade the quality of the image. These file sizes are

relatively small and therefore take up less storage space. They are also suitable for inclusion on
web pages. Animated GIFs combine a series of GIF images and display them one after the other.

TXT file is a plain text document that contains no text formatting. It is stored as a ‘text’ file and
can be opened by any word-processing program to allow for text editing.

ACSV [comma-separated value) file is a text format file used by database and spreadsheet
applications. For example, in a spreadsheet, each line in the CSV file corresponds to a row in
aworksheet. Within the line of CSV text, columns are separated by commas. The CSV files are
often used for moving tabular data between a spreadsheet and a database.

RTF (Rich Text Format] format is used for text-based documents and supports basic formatting.
It allows the movement of text files between different word processors and different operating
systems. Documents scanned using the OCR facility of a scanner are usually saved as RTF
documents.

MP3is a file format for compressing a sound file to decrease the file size for storage and at the
same time keeping the original level of sound quality when the sound file is played.

MP4 is similar to MP3 but is a file format that compresses both sound and video to decrease the
storage size. It can also be used to store other data such as still images and text subtitles. This
file format also allows data streaming across the internet.

MIDI (Musical Instrument Digital Interfacel is a communication protocol that allows sound
samples to be interchanged between different digital musical instruments.

MPEG (Moving/Motion Picture Experts Group] refers to a group of experts who developed
standards for compressing digital video.

AVI (Audio Video Interleaved] is a multimedia file format created by Microsoft® for Windows®
software. AV! files can contain both audio and video content allowing synchronous audio-with-
video playback.

PDF (Portable Docurnent Format is a file format developed by Adobe Systems®. A PDF file
can be created from a range of files including Microsoft Word® documents and PowerPoint®
presentations. The PDF captures formatting used within a document so that when the
document is opened the original fonts, images and the layout of the file is the same. Files are
usually ‘read only’ and the contents cannot be edited. The PDF file generated is usually smaller
in file size than the original file. A special piece of software is required to view or print the PDF
file.

WAV (Windows Audio Waveform is a file format standard for storing an audio bit stream on PCs.
AWAV file is uncompressed audio file format.

WMA (Windows Media Audio®) is an audio data compression file format developed by Microsoft
for Windows Media Player®.
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