1.2 Memory and Storage
1.2.1 Primary Storage (Memory)
This section looks at the "main memory" of a computer system, known as primary
storage. This is computer system storage that is used when the computer system is
actually being used, it is temporary and must be high performance because it has a
direct impact on how quickly the computer system works.
The need for Primary Storage
A computer system uses primary storage to hold data and programs that are currently
being used and processed. Most primary storage is volatile, which means that its
contents are lost when the power is turned off (an exception to this is ROM - see below).
Random Access Memory (RAM)
Random Access Memory (RAM) is a used for a temporary
store of instructions and data in use by the CPU for
currently executing programs. Programs and data are
loaded from the hard disk/solid state storage to RAM for
processing. RAM is volatile, which means that the contents
are lost when the power is turned off. RAM is read and
write capable, which means that you can store new data on
it and also read data from it.
Read Only Memory (ROM)
Read Only Memory (ROM) is a form of memory in a
computer system that holds the instructions that are
executed when the computer is first turned on, also known
as the ‘bootstrap loader’. It is non volatile, which means that
the contents remains when the power is turned off. ROM is
read only, which means that it can only be read from and
the contents are not changed.
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The main purpose of ROM that you will need to learn for the exam is that it hold the
boot-up program, but it does also have other uses. It can be used to store programs in
special cartridges on portable games consoles and embedded systems sometimes
hold their main program in ROM.

The Difference between RAM and ROM
In your exam, you will need to be able to describe both RAM and ROM and explain
what they are used for in a computer system. You will also need to be able to state the
differences between the two.
This table summarises the main differences, and it is well worth remembering.
The first two rows are the most important!
Virtual Memory
Computer systems can sometimes run short of RAM, which will mean that the computer
will not have any spare primary storage space and will be unable to continue (it will
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freeze). Modern operating systems make use of a special technique called virtual
memory that can overcome this limitation.
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In the exam, questions will often ask you to describe how virtual memory works, and will
go on to ask you to explain how this can slow down the performance of the computer.
You should clearly state that virtual memory acts as RAM when RAM is full.
When you add more RAM the computer is less reliant on virtual memory, and the
computer's performance will increase (it will be faster).
Virtual memory has a slower access speed for two reasons, one is that the hard drive or
other primary storage device (which is where the Virtual Memory is created), has a
slower access speed than RAM. Secondly, all data that is in Virtual Memory needs to be
loaded into RAM first before it can be processed by the CPU, this page swapping takes
time and the whole process takes more time than reading from RAM directly.
Your answer may may need to discuss the advantages of using virtual memory. One
advantage is that it allows more programs to run even when RAM is full, and another is
that it can allow very large programs to run by loading only one section of the program
at a time.
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1.2 Memory and Storage
1.2.2 Secondary Storage
Secondary storage is an important component of computer systems. This page looks at
the different kinds that we often use and the factors that we need to consider when we
choose the most appropriate type.
The Need for Secondary Storage
Secondary storage is needed to store programs and data when the computer is not
actively using it. This may be because the computer is not turned on, or that it is running
a different program.
Although RAM can store the data and program files used when a computer system is
actually running, it is volatile, meaning it loses its contents without a power source. A
secondary storage device is needed in a computer system to store data and program
files when the power supply is turned off.
This picture shows a 2015 model of a 500gb hard drive with the cover taken off. You can
see the metal coated disks which spin at 7200 revolutions per minute.
The large magnet on the bottom left of the picture is used to move the disk head across
the disk, in a similar way that a needle moves across a vinyl record.
Larger capacity hard drives use more than one platter which makes them capable of
transferring data at a faster rate.
Accessing data on a secondary storage device is considerably slower than accessing
data that is stored in primary storage (RAM)
Secondary storage is used to store programs and data that the computer is not
currently using. It is a long term storage and the data will not be lost when the
power is turned off. You will need to remember this key fact for your exam.
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Common Types of Storage

Optical Storage
Magnetic storage devices are limited in terms
of the speed that they can save and retrieve
data because the have to spin a disk at very
high speeds and physically move a magnet
across the surface. If we use a strong laser
beam to melt a silver coated plastic disk, then
a binary 1 can be represented by a small hole,
and a binary 0 can be represented by no hole.
The same laser, but as a lower power setting
can then be directed at the disk and will be reflected by the reflective coating, or will
not be reflected because there is a hole. The reflected beam can be detected using a
light sensor. this whole process is much faster.
The main optical storage formats that we use today are CDs, DVDs and BluRay which all
work in a similar way but have different properties which enable more data to be stored.
Optical storage is commonly used for storing music, video and games. CDs can store
700Mb, DVDs can store 4.7-9.4Gb and BluRay can store 25-128Gb.
Some disadvantages of optical storage is that the disks can be easily scratched and
degrade over time, they have a limited capacity and there are sometimes compatibility
issues between different formats.

Magnetic Storage
Traditionally, secondary storage used devices
which could store data using magnetic signals
stored on magnetic surfaces.
A magnetic cassette tape is a good example
of this. A long, thin plastic tape coated with a
magnetic oxide could store data by using a
strong electro magnet. If a pulse of electricity
was sent to the magnet, then a small part of
the tape will be magnetised one way, and this
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corresponds to a binary 1. If the current was reversed, then a binary 0 would be stored.
As this technology developed, the tape was replaced with a solid disk of glass or metal,
which had a more durable coating but used exactly the same method to store data.
Recently these "Hard" drives have become physically smaller and faster but can store
very large amounts of data. They have also become much cheaper.
Tape drives are still used occasionally as a back up device.
Magnetic storage is often used in desktop PCs, network storage, backup systems and
very large document files.
Some disadvantages of magnetic storage is that they have a limited life and will
eventually fail, they can be easily damaged, they are physically large and they have
complex moving parts.

Solid State Storage
As the need for faster and higher density
storage devices is increasing all the time, new
technologies have become available. Solid
State memory devices use a special form of
RAM style chip to store the data. Unlike
volatile RAM chips, the solid state storage
device can retain its data even when the
power is turned off. Because there are no
moving parts at all, they can operate at
extremely high speeds. At the moment, they are the most expensive storage type, but
as with all computing devices, they will get physically smaller, faster, cheaper whilst their
performance gets faster and capacity increases.
As well as the solid state drive shown in the picture, we also class memory cards (SD
cards etc), USB pen drives and even mobile phone SIM cards as solid state devices.
Solid state technology is also used in mobile phones and tablet computers.
Currently, solid state devices are more expensive than magnetic and optical devices.
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The Advantages and Disadvantages of Different Storage Devices

Characteristics of Storage Devices
For the exam, you need to be able to discuss certain characteristics of each type of
storage device. You should aim to remember two or three key characteristics for each
type of storage device e.g. USB memory pens (solid state storage) are portable and
fairly robust (but they can easily be lost).
The characteristics that you need to remember are:
▪

Capacity - how much data can it store, typically measure in megabytes and
terabytes

▪

Speed -how fast can it access the data, usually measured in megabytes per
second.

▪

Portability - how easy is it to move it from one place to another

▪

Durability -how well does it last e.g. if it is dropped. Is it affected by extreme
temperature?, what if it gets wet?, what if it is placed next to a large loudspeaker?

▪

Reliability - how consistently does it perform

▪

Cost - how expensive per megabyte of data stored
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Suitable Storage Devices and Storage Media for a Given Application
There are soemtimes longer questions in the exam on this topic. The question will
explain a scenario where someone has a specific use for a computer system. You must
remember that a computer system could be an embedded device such as a smart
watch, digital camera etc.
When you answer these questions, remember the six important characteristics capacity,
speed, portability, durability, reliability and cost. Think of what actual device will be used
(i.e. a camera will have a solid state SD card, fast speed, very robust, and very portable)
Consider how many marks that the question has. Try to give one point, and a reason or
justification for each two marks that the question has.
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1.2 Memory and Storage
1.2.3 Units
This section looks at how we deal with the actual electronic signals that the computer
system uses. We will see how humans deal with the large numbers of signals that a
system uses, and how we carry out some basic conversion and addition of binary and
hexadecimal numbers.
How data needs to be converted into a binary format to be processed by a
computer
Computers use electrical devices called transistors. The transistors are a little bit like a
switch, they can be either turned on or off. One individual on or off signal isn't very
useful and can only represent one small thing such as whether a pixel on a screen is
turned on or off. We need a way of grouping the positions of these switches.
Because each switch can be in only two different states (on or off), we can use a binary
counting system, which only uses two numbers, 0 and 1.
In the exam, you may get asked to explain why we use a binary format to represent
information on a computer. The answer is that computers use on and off signals, binary
has two states 0 and 1, the binary 0 and 1 state can therefore represent the on and off
electrical signals.
The Units of Data Storage
We have already looked at how computers store data and programs using primary and
secondary storage devices. Everything on a computer is stored using signals which are
either on or off. Modern RAM stores these signals in devices called transistors and a
stick of RAM will contain billions of transistors. It becomes obvious that we need some
words to describe these signals.
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An individual bit cannot store very much (literally one single on or off), so we needed to
group them into larger amounts. At first, there were several proposals as to how many
bits should be grouped together (known as the word length to super geeky people),
but eventually a standard group of eight bits became the next unit that we have to
remember.

Sometimes, we need to look at a smaller number of bits, and computer scientists, in
their wonderfully humorous way, decided to give this smaller amount a funny name.

You may be asked to define any of these three basic units in the exam. A bit is one
single on or off, a nibble is four bits and a byte is eight bits of two nibbles.

Larger Units
Because we use binary to represent the data in a computer system (this may be one
reason why we use eight bits, which is two to the power three, or two cubed), we
decided to group the bytes into 1024 bytes, which is two to the power 10, which we
called a kilobyte. This seemed sensible at the time, but didn't really fit in with the SI
system where kilo meant only one thing, one thousand. For your exam, you can use
either definition, and the fact is that the maths is so much easier if you use 1000.
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When we talk about petabytes of data, we are talking about absolutely massive
amounts of data, but there are even larger units that represent simply astronomical
amounts of data. You only need to know the ones in the table above, but you must be
able to convert between one and the other.
Remember the order:
byte, kilobyte, megabyte, gigabyte, terabyte, petabyte
And then remember that each one is 1000 times larger or smaller than the next. If you
are asked to convert a unit from one to the next, divide or multiply by 1000.
If you are asked to convert between units that are more than one row apart, then
multiply or divide by 1000 for each row you have had to move from. The maths isn't
hard, but you should practice it a few times.
Calculations of Data Requirements
You may be asked in the exam to calculate how much data a certain image, sound or
document will use. Look at the next few ;pages to see how we calculate file size for each
type of file.
You must be able to calculate how much data certain files take up. To do this
properly, you need to understand how text, images and sound are stored in binary
format, which is covered below.
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1.2 Memory and Storage
1.2.4.1 Data Storage—Numbers
How do we count?
This seems a very obvious question, but we need to think about it in a bit more detail
before we can start to look at how computers count.
We count in 10s. This is probably because we conveniently have ten digits on our
hands! Because we count in 10s we need ten symbols to represent the ten values, so we
have the numbers 0,1,2,3,4,5,6,7,8 and 9. When we count upwards, we move on to the
next digit until we get to 9. When we get to 9, we start again at 0, but add one onto the
next left column, so after 9 we get 10.
Computers don't use ten digits (or denary, also called base 10). They run using
electrical components called transistors which can be either turned on, or turned off.
We need a system that can represent these two values and conveniently we can use
binary, or base two. Binary only has two digits, a 0 and a 1.
To count in binary, we do exactly the same
thing that we would have done in denary.
We move up through the symbols until we
get to the top (this time, its 1), then add 1
to the next left hand column. This gives us
the numbers that you see on this diagram.
In denary the column headings are powers of ten, so we have the very familiar 1000s,
100s, 10s and 1s. Each column is ten times the one to the right.
In binary, each column headings are powers of two so each column is double the one to
the right. We only need to remember the first eight (for this course), so this gives us:

128 64
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Converting between Binary and Denary

Binary to Denary
You must show your working to get full marks on most of these questions in an exam.
Convert the following binary number to denary :
10110010
Step 1 : Write out the column headings, and your binary number below it:
128
1

64
0

32
1

16
1

8
0

4
0

2
1

1
0

Step 2 : Whenever you have a ‘1’ add it to make a sum, so 128 + 32 + 16 + 2
Step 3 : Add it up. 128 + 32 + 16 + 2 = 178

Binary to Denary
Convert the following denary number to binary :
178
Step 1 : Write out the column headings :
128

64

32

16

8

4

2

1

Step 2 : Find the biggest column that is bigger than your number, and put a 1
beneath it. Then calculate what you have left, having taken that away from your
number :
128
1

64

32

16

8

4

2

1

Original target = 178. New target = 178 - 128 = 50
Now place a 0 in all the columns bigger than your new target :
128
1

64
0

32

16

8

4

2

1

Now go and repeat step 2 until your target becomes 0
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128
1

64
0

32
1

16

8

4

2

1

Previous target = 50. New target = 50 - 32 = 18
128
1

64
0

32
1

16
1

8

4

2

1

Previous target = 18. New target = 18 - 16 = 2
128
1

64
0

32
1

16
0

8
0

4
0

2

1

128
1

64
0

32
1

16
0

8
0

4
0

2
1

1

Previous target = 2. New target = 2 - 2 = 0
When you have 0 left put 0 in all remaining columns :
128
1

64
0

32
1

16
0

8
0

4
0

2
1

1
0

178 in denary is 10110010 in binary.

How to do Binary Addition
Addition in binary is exactly the same as in denary.
You should arrange the two binary numbers above each other so that the columns line
up. Start on the rightmost digit and add them. If there are any carries, write them down
next to the next left column.
The exam will often have a sum whose answer doesn't fit into eight columns. As the
memory in a computer is arranged in eight bit bytes, this can cause a problem.
This situation is known as an "overflow error", and if your program hasn't been written to
expect a nine bit answer, it may not function properly. The answer will either be wrong
as the ninth bit will be ignored, or the program will produce a result which doesn't fit
into the storage space allocated to it (one eight bit byte)
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In practice, an overflow error is unlikely to cause an issue as most programming
languages will handle a large number easily by using an appropriate data type.
For the exam, you are only expected to do binary addition which has eight binary digits
(one byte). If the answer to the left most column (128) results in a carry making the
number nine bits, this is known as an overflow and it causes an overflow error. This can
cause problems if a computer program hasn’t been written to handle overflows.

Hexadecimal
We have looked at our normal decimal, or denary
number system, as well as binary. These two systems
are also know as base 2 and base 10. In denary (base
10), each column is 10 tines larger than the one one the
right and in binary each column is two times larger. We
can in fact use any number for this, so we could have
base 3 (called ternary), base 4 (quaternary) etc.
Computer scientists often use two other number
systems, they are octal (base 8) and hexadecimal (base
16). For your GCSE Computer Science exam, you need
to know why we would use hexadecimal rather than
any other base.
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Why use Hexadecimal?
We have seen that computers only stored data using two states, on or off. We often
need to use the binary representation of large groups of binary digits. This can be very
difficult for humans because:
▪

The binary digits all look the same!

▪

It is difficult to remember large amounts of 1s and 0s because we cant remember
where we have got to.

▪

It is difficult to write down and copy large binary numbers - mistakes are often
made.

It is quite easy to convert binary and denary numbers into another number system, base
16 or hexadecimal.
Converting between Denary and Hexadecimal

Convert from Hexadecimal to Denary Method 1
1. Split the Hexadecimal number into two separate numbers
i.e.

A9 would be split into A and 9

2. Convert each hexadecimal digit into binary
i.e.

A is 1010 and 9 is 1001

3. Combine the two binary numbers into one eight bit binary number
i.e.

A9 becomes 10101001

4. Convert the binary number into denary
i.e.

10101001 > 128 + 32 + 8 + 1 = 169
∴ Hexadecimal A9 = denary 169
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Convert from Hexadecimal to Denary Method 2
We have already seen that when we have a two digit hexadecimal number the two
digits are in the first two columns. Because hexadecimal is base 16, the first digit is how
many "16s" are in that number.
All we need to do to convert a two digit hexadecimal number to denary is apply this
formula:
First digit x 16 + second digit
Of course, either digit may be a number or a letter. If it is a letter simply convert the
letter back to denary.
Example: Convert the hexadecimal number 8B to denary
denary = (8 * 16) + B which is the same as
denary = 8 * 16 + 11
= 139

Converting from Denary to Hexadecimal
There are two ways of converting from denary to hexadecimal. Essentially, they are the
reverse of the two methods you have just seen for converting from hexadecimal to
denary.
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Converting between Binary and Hexadecimal
The easiest way to convert from binary to hexadecimal is to split the binary number into
four bit nibbles, and then convert each nibble to hexadecimal (you can convert the
nibble to denary first, if you find that easier). If you find that one of the original binary
number doesn't give four bit nibbles, then you must make sure that the nibble on the
left is the one with less than four bits.
Example 1
Convert 11000011 to hexadecimal
11000011 becomes 1100

and 0011

1100 is 12 in denary, which is C in hexadecimal. 0011 is 3 in denary.
11000011 in binary is C3 in denary

Example 2
Convert 1011011 to hexadecimal
1011011 becomes 101 and 1011 (the first nibble must be the one with less than four
bits)
101 is 5 in denary. 1011 is 11 in denary which is B in hexadecimal.
1011011 is 5B in hexadecimal.
Binary Shifts
Binary numbers can be manipulated in several ways. One of these is called a binary
shift. All this means is that the whole binary number is moved to the left or the right by a
number of places.
In your exam, you may be asked to perform a binary shift on a number, and explain what
effect that it has had on the number's value.
Left binary shifts always make the number longer, and therefore bigger. Each place it
shifts will double the value. A binary left shift of one place (sometimes written <<1) will
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double the value, a binary left shift of two places (<<2) with double, then double again so multiply by four)
Right binary shifts make the number shorter, and smaller. The right most digit is "lost",
so we forget about it. A binary right shift of one place (written as >>1) halves the
number, and a binary right shift of two places (>>2) will halve and halve again, so it will
divide by four.
It may help you to remember that you "pick" the whole number up and move it left or
right.
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1.2 Memory and Storage
1.2.4.2 Data Storage—Characters
This section looks at how we store text on a computer system. In Computer Science, the
letters and symbols are know as characters.
When America started to construct their railway system, they needed a way for the
stations to communicate with each other. The simplest way was to build a system where
a wire was hung from posts at the side of the track. Basically, a switch was turned on and
off at one end of the cable, and this produced a "click" at the other end.
If just one click (or no click) is used, then we can send two different signals - not really
very much use. If we use two signals (or no signals), then we have four possibilities. You
should be able to see that we have a binary system. If we use five signals, then we can
represent 32 different values which means that we can now start to send every letter of
the alphabet plus a few extras such as full stops and spaces.
This system was extended to include 128 characters (7 signals), so we could use upper
case and lower case letters. numbers, and a large number of symbols which we are all
now very familiar with. The system was standardised so that everyone used the same
numbers for the came character and was known as ASCII, the American Standard Code
for Information Interchange. This was the first character set and used seven bits to
represent each character.
The Use of Binary Codes to Represent Characters
When computers started to be able to display text, it seemed obvious to use a ready
made system to represent the characters that it would have to use. ASCII was made into
an eight bit system called extended ASCII.
If you look at the binary versions of both ASCII and extended ASCII, you will see that the
letter A is represented by the number 1, B as 2 etc. The diagram on the right shows that
actually to other bits are also used, and you can see the difference between how upper
case and lower case numbers are stored.
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Character Set
In your exam, you will need to be able to say what we mean by character set (a
character set is one particular system of codes used to represent the characters that a
system uses)
You may also be asked to explain how binary codes are used - basically this is what the
diagram on the right and the text above explains.

The Relationship Between the Number of Bits used and the Number of Characters
that can be Represented.
The railroad system's method of communicating worked well for English speaking
countries, and was used on most countries computer systems. There was a massive
problem though - how could we include different letters and symbols that are used in
those countries? The only way that we could store more characters is to use more bits. If
we used two extra bits (ten bits in total), we would still need to use two bytes to store
each character: so we may as well use the whole sixteen bits!
Unicode is s clever system what uses between two and four bytes and is continuously
being developed to include new languages. It has also adapted to use emoji symbols
and new symbols are being introduced every year.
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1.2 Memory and Storage
1.2.4.3 Data Storage—Images
Representing Images on a Computer
Computer displays use a grid of
small dots called pixels which can be
individually controlled by the
displays electronic systems. At its
simplest, each individual dot (called
a pixel, which stands for picture
element), can be on or off. This
makes it easy to use a binary number to represent each pixel, if it is turned on, then we
can use a 1, and if it is turned off, we can use a 0.
You can see from diagram 1 that the space invader character has been represented by
eight bytes of data, and that the binary numbers can be converted to denary values 66,
60, 126,126, 60,90 129 and 129.
Metadata
In the space invader example shown
above, the image was exactly eight
pixels wide which meant that each
row of the image fitted into exactly
one eight bit byte.
In reality, images are not easily
broken down into a number of pixels
that fit neatly into eight bit bytes.
The two images shown in diagram 2 use exactly the same data but can show completely
the wrong images if they are not displayed correctly. As well as the data for the content
of the images (the 1s and 0s), we must also store the dimensions of the image - which
we call its resolution. Two values, one for the width and one for the height, are stored
with the image data and this extra information is known as metadata.
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Metadata must contain the width, height and colour depth (see below) of an image, but
may also include much more information. We can store how the image was created
(what kind of camera, and the camera settings), the GPS information (where the image
was captured), and much more - literally, you can include anything at all in the metadata
of an image.
Colour Depth and Resolution
Computers used to have displays
which only used two colours (often
black and green), but we now use
colour displays which can contain
thousands of different colours.
To store more than two colours (a 1
or a 0), we need to use more than one bit to represent each pixel. If we use two bits for
each pixel, we can display four different values so we can have four colour images. This
is known as the colour depth and this information is stored in the metadata for the file.
Diagram 3 uses a two bit colour depth which means that the space invader character
can now have four different colours.
Obviously, using more bits to represent each pixel will have an effect on the amount of
data that it used.
Calculation of Image File Size
If we double the colour depth, we double the file size used to store the image but will
be able to store four times more colours in the image. This will make a higher quality
image that will be more realistic. Modern computers actually use 24 bits (3 bytes) for
every single pixel, which can be any one of 16,777,216 different colours.
We can also divide the image up into smaller pixels which means that the width and
height resolution are increased (also called the x and y resolution) Increasing the
resolution of an image increases the amount of data that is needed to store the image,
but increases the quality of the image and makes it more realistic.
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In your exam, you may be asked to calculate the size of an image file. To do this, we can
use this formula:
filesize in bytes = (x resolution * y resolution * colour depth) / 8
An image that is 320 pixels wide and 240 pixels high and uses 16 bit colour depth will
be:
filesize in bytes = (320 x 240 * 16) / 8
= 1228800 / 8
= 153600 bytes
We usually convert the answer into one that is less than a 1000, so we would say that
this image is 154 kilobytes.
The exam question may involve you converting between kilobytes, megabytes,
terabytes etc, and you may be asked to calculate how many images will fit onto a
particular sized storage device. i.e. "How many of these images can a 128 megabyte
USB memory pen store?"
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1.2 Memory and Storage
1.2.4.4 Data Storage—Sound
Sound is transmitted through the air as changes in air pressure. When an object vibrates
it causes vibrations to travel through the air. We have nerves inside our ears that can
detect when these changes in air pressure hit out ear drums.
When we want to record sound, we have to convert this difference in air pressure into
an electronic signal. To do this, we use a microphone. The microphone has a diaphragm
attached to a magnetic coil which produces an electrical signal that gets larger when
the sound gets louder.
If we want to store this electrical signal on a computer, we must convert it into a
numerical signal. This is called digitising.
How Sound is Sampled
The continuously changing sound signal has to be sampled many thousands of times a
second. The microphone produces a signal and an electronic circuit converts the signal
to a number at very precise and regular intervals. The amount of signals that are
recorded a second is called the sampling frequency and may be as high as 300,000
times a second but can also be as low as 5000 times a second.
To replay the sound, these digital values are used to control the level of an electrical
signal that moves a loudspeaker cone at precisely the correct frequency (the sampling
frequency). The loudspeaker cone move back and forwards which vibrates the air and
causes a sound pressure wave to travel through the air in exactly the same way that the
original sound did.
When the signal is converted to a number to be stored in a computer, the number
values need to be converted to a binary value. If we use one byte to store each sampled
value, then it is possible to store 256 different values. This is known as the bit depth of
the sample. An eight bit bit depth will create a reasonable sound quality but when the
sound is replayed, it will be obvious that the sound quality is not as good as the original.
If we use two bytes instead, the a 16 bit value can store 65536 different values which will
produce a much better sound that the human ear will not be able to tell from the
original sound.
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The Effect of Sampling Frequency and Bit Depth on file size
If we increase the sampling frequency, we will record more values for every second of
sound. Doubling the sampling frequency will double the number of values that are
stored.
Increasing the bit depth will also increase the amount of data that is stored. If we store
16 bits (2 bytes) for every sample instead of just 8 bits, then this will also double the file
size.
Larger file sizes take up more storage space and take longer to transmit over a network,
or download via the internet.

Calculating File Size
You may be asked to calculate how large a file will be given its sampling rate and bit
depth. This is the formula that you use:
filesize = (sampling frequency * bit depth * length)
The calculated file size will be measured in bytes (because we have divided the answer
by 8), the sampling frequency will be in hertz, the bit depth in number of bits and the
length will be in seconds.
If we have a twenty second long sound that is recorded at a sampling frequency of 8000
hertz and a 16 bit bit depth, then the calculation looks like this:
filesize = (8000 * 16 * 20) /8
filesize = 2560000 / 8
filesize = 320000 bytes
We usually try to convert this to a value less than 1000, so 320000 bytes is 320
kilobytes.
Your exam question may ask how many sound files bit within a certain space on a
storage device. The key to working out the answer is to make sure that the size of file
and the size of the storage device are both given using the same unit, i.e megabytes,
gigabytes etc.
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1.2 Memory and Storage
1.2.5 Units
This section looks at a technique called compression, which is used to reduce the size of
a file. In the past, this has been a very important topic because storage space was
expensive and we had to make sure that it was used efficiently.
Modern computers can have vast amounts of relatively cheap storage space, but it is
still important that we can compress data files because large files take longer to transfer
to other computers.
The Need for Compression
In the early days of computers, storage was
very expensive and limited. This was an issue
and limited the kind of program that could be
used on the computers.
As computers became more powerful, RAM
and other primary storage devices were
developed which vastly increased the storage
capacity of the systems. This meant that new
applications could be developed which often
involved file sizes that were much larger.
It is possible to compress a file by using an
algorithm to examine the file contents bit by bit
and condense the information so that it fits in a smaller file size. One example of this is
the JPG algorithm which uses many techniques such as reducing the number of blue
and green colours in an image to make the file smaller.
For your exam, you need to know why we need compression. The reason that we need
compression is so that we can fit files in a smaller storage space. Storage devices can be
expensive and it is important that we use them efficiently. Larger files also take longer to
transmit, both on a network and via the Internet. By compressing the image, we can
speed up how fast the documents are loaded and transferred.
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Lossy and Lossless Compression
We can compress a document using many different methods. Some of them, such as
the JPG algorithm can compress an image into a tiny fraction of its original size. To do
this, some of the information that is stored in the image is removed completely and
cannot be restored. This is known as lossy compression.
Lossy compression can be used when it doesnt matter if some of the information is lost.
Images, sound files, and video files can all use lossy compression to reduce file size. The
amount of information that can be "lost" without affecting the quality of the restored file
can be varied and even large amounts of compression which removes large amounts of
data can be acceptable.
Some files would not work properly if even a small amount of data was removed. We
can still compress these files, but we need to use a lossless form of compression. Text
files and software programs are two examples of data files that must not have any
information removed by a compression and decompression process.
In general, lossless compression cannot compress files as much as lossy compression.
Lossy compression is ideal for image, sound and video files where data can be lost
without affecting the quality of final uncompressed file.
Lossless compression should be used on text and software files, where it is important
that when the file is uncompressed, it is a perfect copy of the original file.
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