
Storage Devices
ITS30505 Introduction to Computing
Lecture 4



Learning Outcomes

At the end of the lecture, you should be able to:
• define the concept of storage in the Information Processing Cycle, as well as its 

characteristics
• differentiate the types of RAM and ROM 
• identify the types and use cases of various categories of storage devices, 

including HDD, SSD, flash drives, and optical media
• distinguish the advantages and disadvantages of the various categories of storage 

devices
• elaborate how virtual memory works in a computer system
• analyze the idea behind cloud storage as an alternative storage method
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Concept of Storage

Storage is information that is stored for future use and retrieval.
A storage medium is a physical material on which a computer keeps data, 
instructions, and information.
Memory is usually referred to as the internal devices which the computer can 
access directly. This memory can be the user's workspace, temporary data, or data 
that is key to running the computer.
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Characteristics of Storage

Storage technologies at all levels, including both primary and secondary storage, 
can be differentiated by evaluating and measuring certain core characteristics. The 
characteristics include:
• volatility
• mutability
• accessibility
• addressability
• capacity
• performance
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CHARACTERISTICS OF STORAGE

Volatility
Non-volatile memory
• retains the stored information even if it is not constantly supplied with electronic 

power
• suitable for long-term storage of information

Volatile memory
• requires constant power to maintain the stored information
• The fastest memory technologies of today are, in general, volatile ones.
• primary memory predominantly uses volatile memory since it requires being fast
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CHARACTERISTICS OF STORAGE

Mutability
Read/Write (Mutable) Storage
• allows information to be overwritten at any time

Read-only (Immutable) Storage
• retains the information stored at the time of manufacture
• write once storage allows information to be written only once at some point after 

manufacture
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CHARACTERISTICS OF STORAGE

Accessibility
Random Access Memory
• allows any location in storage to be accessed at any moment in approximately the 

same amount of time
• well-suited characteristic for both primary and secondary storage

Sequential Access Memory
• requires that accessing pieces of information be in a serial order (one after the 

other)
• the time to access a particular piece of information is dependent upon which 

piece of information was last accessed
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CHARACTERISTICS OF STORAGE

Addressability
Location-Addressable Memory
• each individually accessible unit of information in storage is selected with its numerical 

memory address
• location-addressable storage usually limits to primary storage, accessed internally by 

computer programs, since location-addressability is very efficient, but burdensome for 
humans

File-Addressable Storage
• information is divided into files of variable length, and a particular file is selected with 

human-readable directory and file name
• the underlying device is still location-addressable, but the OS provides the file system 

abstraction to make the operation more understandable
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CHARACTERISTICS OF STORAGE

Addressability
Content-Addressable Memory
• each individually accessible unit of information is selected based on the basis of 

(part of) the contents stored there
• can be implemented using software (computer program) or hardware (computer 

device), with hardware being faster but more expensive option
• hardware content addressable memory is often used in a computer's CPU cache
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CHARACTERISTICS OF STORAGE

Capacity
The raw capacity is the total amount of stored information that a storage device or 
medium can hold. It is expressed as a quantity of bits or bytes.
The memory storage density refers to the compactness of stored information. It is 
the storage capacity of a medium divided with a unit of length, area or volume 
(e.g., 1.2 MB per square inch).
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Storage Term Number of Bytes

Kilobyte (KB) 210 or 1,024

Megabyte (MB) 220 or 1,048,576

Gigabyte (GB) 230 or 1,073,741,824

Terabyte (TB) 240 or 1,099,511,627,776

Petabyte (PB) 250 or 1,125,899,906,842,624

Exabyte (EB) 260 or 1,152,921,504,606,846,976

Zettabyte (ZB) 270 or 1,180,591,620,717,411,303,424

Yottabyte (YB) 280 or 1,208,925,819,614,629,174,706,176



CHARACTERISTICS OF STORAGE

Capacity
Four areas of performance can be measured:
• Latency: time it takes to access a particular location in storage

• the relevant unit of measurement is typically nanosecond for primary storage and millisecond for 
secondary storage

• may make sense to separate read latency and write latency, and in case of sequential access 
storage, minimum, maximum and average latency

• Throughput: the rate at which information can be read from or written to the storage
• usually expressed in terms of megabytes per second or MB/s, though bit rate may also be used
• read rate and write rate may need to be differentiated
• accessing media sequentially, as opposed to randomly, typically yields maximum throughput

• Granularity: the size of the largest "chunk" of data that can be efficiently accessed as a 
single unit, e.g., without introducing more latency

• Reliability: the probability of spontaneous bit value change under various conditions, or 
overall failure rate

11



Types of Storage

There are 2 types of storage:
• primary memory (main memory)
• secondary storage
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Memory and Storage Devices



Primary Memory

Primary memory is the part of the computer memory which can be accessed 
directly from the CPU.
• contains the random-access memory (RAM) and read-only memory (ROM)

memory chips
• allows the processor to access applications and services temporarily stored in 

memory locations
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Structure of Primary Memory



Random-Access Memory (RAM)

All computer systems come with some form of RAM.
• These memory devices are not really random – it refers to the fact that any 

memory location can be accessed independent of which memory location was 
last used.
• Access time to locate data is much faster in RAM than in secondary devices.

RAM can also be:
• written to or read from, and the data stored can be changed by the user or by the 

computer
• used to store data, files, part of an application or part of the OS currently in use
• volatile (memory contents are lost on powering off the computer)
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Random-Access Memory (RAM)

In general,
larger RAM ⇒ computer operates faster

In reality, RAM never runs out of memory.
• It continues to operate, but just becomes slower and slower as more data is 

stored.
• As RAM becomes 'full', the processor has to continually access the secondary 

data storage devices to overwrite old data on RAM with new data.
• By increasing the RAM size, the number of times this has to be done is 

considerably reduced, thus making the computer operate more quickly.
There are currently 2 types of RAM technology: dynamic RAM (DRAM) and static 
RAM (SRAM).
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TYPES OF RAM

Dynamic RAM (DRAM)
Each DRAM chip consists of several transistors and capacitors. Each of these parts is 
tiny since a single RAM chip will contain millions of capacitors and transistors.
• Capacitors hold the bits of information (0 or 1).
• Transistors act like switches; they allow the chip control circuitry to read the 

capacitor or change the capacitor's value.
This type of RAM needs to be constantly 
refreshed (that is, the capacitor need to be 
recharged every 15µs, otherwise it would 
lose its value.
• If not refreshed, the capacitor's charge will 

leak away very quickly, leaving every 
capacitor with the value 0.
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Samsung DDR4 RAM



TYPES OF RAM

Static RAM (SRAM)
A major difference between SRAM and DRAM is that SRAM does not need to be 
constantly refreshed.
• makes use of 'flip-flops' which hold each bit of memory.
• SRAM is much faster than DRAM when it comes to data access (typically, access 

time is 25ns for SRAM and 60ns for DRAM)

Flip-flop circuits: 
• electronic circuits with 2 stable conditions using 

sequential circuits (circuits in which the output 
depends on input values produced from previous 
output values)
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SRAM vs. DRAM Usage

DRAM is the most common type of RAM in computers, but where absolute speed is 
essential (e.g., in processor's memory cache), SRAM is the preferred technology.

Memory cache is a high-speed portion of the memory. It is effective because most 
programs access the same data or instructions many times. 
• By keeping as much of this information as possible in SRAM, the computer avoids 

having to access the slower DRAM.

18



SRAM vs. DRAM
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DRAM SRAM

• consists of several transistors and capacitors

• needs to be constantly refreshed

• less expensive to manufacture than SRAM

• has a higher memory capacity than SRAM

• main memory is constructed from DRAM

• consumes more power than SRAM

• uses flip-flops to hold each bit of memory

• does not need to be constantly refreshed

• has a faster data access time than DRAM

• CPU memory cache makes use of SRAM

• if accessed at a high frequency, power usage can 
exceed that of DRAM



Read-Only Memory (ROM)

ROM is similar to RAM in that it shares the same random-access properties, but it 
cannot be written to or changed. As the name suggests, ROM is a read-only 
memory device.

ROMs are:
• non-volatile (the contents are not lost after powering off the computer)
• permanent memory devices (the contents cannot be changed)
• often used to store data which the computer needs to access when powering up 

for the first time, for example, the basic input/output system (BIOS)
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RAM vs. ROM
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RAM ROM

• temporary memory device

• volatile memory

• can be written to and read from

• used to store data, files, programs, part of OS 
currently in use

• can be increased in size to improve operational 
speed of a computer

• permanent memory device

• non-volatile memory device

• data stored cannot be altered

• always used to store BIOS and other data needed 
at start up



Types of ROM: PROM and EPROM

A programmable read-only memory (PROM) is a type of ROM chip that can be 
altered once.
• made up of a matrix of fuses
• programming a PROM requires use of a PROM writer, which uses an electric 

current to alter specific cells by 'burning' fuses in the matrix
• PROM can only be written to once
• often used in mobile phones and RFID tags
An erasable programmable read-only memory (EPROM) is different to a PROM 
because they use floating gate transistors and capacitors rather than fuses.
• ultraviolet (UV) light is used to program an EPROM through a quartz window
• used in applications under development, such as the programming of new games 

consoles
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Secondary Storage

Secondary (and offline) storage includes storage devices that are not directly 
accessible by the CPU.
• non-volatile devices that allow data to be stored as long as required by the user
• can store more data than primary memory, but data access time is considerably 

longer than with RAM or ROM
• stores all applications, OS, device drivers and general files (e.g., documents, 

photos & music)
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Storage Devices

Storage devices are hardware that reads data and programs from storage media. 
Most also write to storage media.
• user's data is stored permanently, and they can change it or read it as they wish
• needs to be larger than internal memory since user may wish to store large files 

(such as music files or photographic images)
Storage devices can also be removable to allow data, for example, to be transferred 
between computers.
• Removable devices allow a user to store important data in a different building in 

case of data loss.
• However, all of this has become a lot less important with the advent of wireless 

technology (e.g., Bluetooth, Airdrop) and cloud storage.
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Hard Disk Drives (HDD)

Hard disk drives (HDD) are still one of the most common methods used to store 
data on a computer.
• data is stored in a digital format on the magnetic surfaces of the disks (or platters, 

as they are frequently called)
• hard disk drive will have a number of platters which can spin at about 7000 times 

per second
• normally each platter will have two surfaces which can be used to store data
• several read-write heads can access all the surfaces in the disk drive
• read-write heads can move from the center of the disk to the edge of the disk 

(and back again) 50 times per second
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How a Hard Disk Works
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Removable HDDs

Removable HDDs are essentially HDDs that are external to the computer and can 
be connected to the computer using one of the USB ports.
• can be used as backup devices or as another way of transferring files between 

computers
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HDD Limitations

Unfortunately, HDDs have very slow data access when compared to, for example, 
RAM.
• many applications require the read-write heads to constantly seek for the correct 

block of data (a lot of head movements!)
• effects of latency become very significant

Latency is defined as the time it takes for a specific block of data on a data track to 
rotate around the read-write head.
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HDD Limitations

When a file or data is stored on an HDD, the required number of sectors needed to 
store the data will be allocated. However, the sectors allocated may not be adjacent 
to each other.
Over time, HDD will undergo numerous deletions and 
editing, which leads to sectors becoming increasingly 
fragmented, resulting in a gradual deterioration of the 
HDD performance.
• In other words, it takes longer and longer to access 

the data.
• Defragmentation software can improve on this 

situation by 'tidying up' the disk sectors.
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Tracks and sectors on a hard disk drive



Solid State Drives (SSD)

Solid State Drives (SSDs) are different from HDDs in the following ways:
• have no moving parts and all data is retrieved at the same rate
• do not rely on magnetic properties
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Main Benefits of using SSDs than HDDs

Solid state drives
• are more reliable (no moving parts to go wrong)
• are considerably lighter (which makes them suitable for laptops)
• do not have to 'get up to speed' before they work properly
• have a low power consumption
• run much cooler than HDDs (both these points again makes them very suitable 

for laptop computers)
• are very thin (because they have no moving parts)
• access data considerably faster
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Drawback of using SSDs

The main drawback of using SSDs is the still unknown longevity of the technology. 
• Most solid-state storage devices are conservatively rated at only 20GB write 

operations per day over a 3-year period – this is known as SSD endurance.
• Because of this, SSD technology is not commonly used in servers, for example, 

where a huge number of write operations take place every day.
• However, this issue is being addressed by several manufacturers to improve the 

durability of these solid-state systems, and they are rapidly becoming more 
common in applications such as servers and cloud storage devices.
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DigitalOcean Server Setup (uses SSD storage)
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Part of the Server Setup process in DigitalOcean (circa January 2021)



Memory Sticks/Flash Memory/Pen drives

Memory sticks/flash memories (also known as pen drives) use solid state 
technology. They usually connect to the computer via the USB port.
• main advantage is their size – small, lightweight; suitable for transferring files 

between computers
• can also be used as small backup devices
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USB Pen drives



Redundant Array of Independent Disks (RAID)

Redundant array of independent/inexpensive disks (RAID) is a category of disk 
drives that employ two or more drives in combination for fault tolerance and 
performance.
• used frequently on servers, but aren't generally necessary for personal computers
• allows storing of the same data redundantly (in multiple places) in a balanced 

way to improve overall storage performance
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NOTE
You can find more about RAID online, including these:
https://youtu.be/eE7Bfw9lFfs
https://youtu.be/1P8ZecG9iOI



Network Attached Storage (NAS)

A Network Attached Storage (NAS) device is a storage device connected to a 
network that allows storage and retrieval of data from a central location for 
authorized network users and varied clients.
• NAS devices are flexible and scale out, meaning that as additional storage is 

required, more storage can be added to existing storage
• analogous to having a private cloud in the office
• faster, less expensive and provides all the 

benefits of a public cloud on site
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NOTE
You can find more about NAS online, including this one:
https://youtu.be/ZwhT-KI16jo



Optical Media

Compact disks (CDs) and digital versatile disks (DVDs) are described as optical 
storage devices. Laser light is used to read data from, and write data onto, the 
surface of a disk.

Both CDs and DVDs use a thin layer of metal alloy or 
light-sensitive organic dye to store the data. Both 
systems use a single, spiral track which runs from 
the center of the disk to the edge.
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Optical Media

When a disk spins, the optical head moves to the point where the laser beam 
'contacts' the disk surface and follows the spiral track from the center outwards.
• As with a HDD, a CD/DVD is divided into sectors allowing direct access of data.
• Also, as a case of an HDD, the outer part of the disk runs faster than the inner 

part of the disk.

The data is stored in 'pits' and 'bumps' on the spiral track.
• A red laser is used to read and write the data.
• CDs and DVDs can be designated R (write-once only) or RW (can be written to or 

read from many times).
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DVD Technology

DVD technology is slightly different to that used in CDs. 

One of the main differences is the use of dual layering which considerably 
increases the storage capacity. 
• This means that there are two individual recording layers.
• 2 layers of a standard DVD are joined together with a transparent (polycarbonate) 

spacer, and a very thin reflector is sandwiched between the 2 layers.
• Reading and writing of the second layer is done by a red laser focusing on a 

fraction of a millimeter difference compared to the first layer.
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DVD Technology
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Dual layering in a DVD



CDs vs. DVDs: Storage Size

Standard, single layer DVDs still have a larger storage capacity than CDs (typically, 
4.7GB vs. 700MB) because the 'pit' size and track width are both smaller. This 
means that more data can be stored on the DVD surface.
• DVDs use lasers with a wavelength of 650nm
• CDs use lasers with a wavelength of 780nm

BOTTOM LINE:
shorter wavelength of the laser light ⇒ medium has greater storage capacity

41



Blu-ray Disks

Blu-ray disks are another example of optical storage media. However, they are 
fundamentally different to DVDs in their construction and in the way they carry out 
read-write operations.
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Main Differences between Blu-ray & DVDs

• Blu-ray uses a blue laser, rather than a red laser, to carry out read and write 
operations; the wavelength of blue light is only 405nm.
• Using blue laser light means that the 'pits' and 'bumps' can be much smaller 

consequently, a Blu-ray can store up to five times more data than a DVD.
• Blu-ray uses a single 1.1mm thick polycarbonate disk; DVDs use a sandwich of 

two 0.6mm thick disks.
• Using two sandwiched layers can cause birefringence (light is refracted into 2 

separate beams causing reading errors).
• Because Blu-ray uses only 1 layer, the disks do not suffer from birefringence.

• Blu-ray disks automatically come with a secure encryption system which helps to 
prevent piracy and copyright infringement.
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Differences between Optical Drives
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Disk Type Laser 
Color

Wavelength of 
Laser Light Disk Construction Typical 

Capacity Track Pitch

CD red 780nm single 1.2mm polycarbonate layer 700MB 1.60µm

DVD red 650nm two 0.6mm polycarbonate layers 4.7GB 0.74µm

Blu-ray 
(BD) blue 405nm single 1.1mm polycarbonate layer 50GB 0.30µm

NOTE
Track pitch: distance between tracks
nm = 10-9 meters
µm = 10-6 meters

The newest Blu-ray disks, Ultra HD Blu-rays (UHD BD), can play 
back 4K video content and store up to 100 GB of data.



Virtual Memory

One of the problems associated with memory management is the case when 
processes run out of RAM.
• RAM capacity exceeded due to multiple programs running ⇒ can cause system 

crash
• solvable by utilizing HDD/SSD if more memory is required – this is the basis 

behind virtual memory

Essentially,
• RAM is physical memory
• virtual memory is RAM + swap space on hard disk or SSD
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Virtual Memory

Suppose we have 5 programs (numbered 0 to 4) that are all in memory, all 
requiring access to RAM. 

Without virtual memory, the computer may run out of RAM memory space:
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Normal Memory Management



Virtual Memory

When the CPU uses virtual memory to allow all 5 programs to access RAM as 
required, it is possible to move data out of RAM into HDD/SSD temporarily.
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Status just before program 4 is given RAM space



Virtual Memory

Virtual memory now moves the oldest data out of RAM into the HDD/SSD to allow 
program 4 to gain access to RAM. The 32-bit 'map' is now updated to reflect the 
new situation:
• data from program 0 (which was using RAM address 3 - the oldest data) is now 

mapped to HDD/SSD instead, leaving address space 3 free for use by program 4
• program 4 now maps to address space 3 in RAM, which means program 4 now 

has access to RAM

48Status with program 0 now mapped to HDD/SSD and program 4 has access to RAM



Virtual Memory

This process continues to occur until RAM is no longer being overutilized by the 
competing programs running in memory.
• Virtual memory gives the illusion of unlimited memory being available.
• Paging is used by memory management to store and retrieve data from HDD/SSD 

and copy it into RAM.
• A page is a fixed-length consecutive (or contiguous) block of data utilized in virtual memory 

systems.
• This is a key part of how virtual memory works by allowing data blocks (pages) to be moved 

in and out of a(n) HDD/SSD.

• Having need to access data in virtual memory is still slower than being able to 
operate with lots of RAM
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Main Benefits of using Virtual Memory

Main Benefits of using Virtual Memory
• programs can be larger than physical memory and still be executed
• no need to waste memory with data that is not being used (e.g., during error 

handling)
• reduces need to buy and install more expensive RAM memory
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Disk Thrashing

The main drawback when using HDD for virtual memory is disk thrashing.
• As main memory fills, more and more data needs to be swapped in and out of 

virtual memory leading to a very high rate of hard disk read/write head 
movements
• More time spent on moving data in and out of memory ⇒ less time doing any 

processing, computer processing speed is reduced
• A point can be reached when the execution of a process comes to a halt since the 

system is so busy moving data in and out of memory rather than doing any actual 
execution – this is known as the thrash point.
• May involve large numbers of head movements; may lead to premature failure of 

HDD (can use SSD as a workaround instead)
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Cloud Storage

Cloud storage is a method of data storage where data is stored on offsite servers –
the physical storage covers hundreds of servers in many locations.
• The same data is stored on more than one server in case of maintenance or 

repair (this is known as data redundancy) - allows clients to access data at any 
time
• Physical environment is owned and managed by a hosting company

Users can save their data 'in the cloud' instead of on a local hard disk or other 
storage device.
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Cloud Storage: Common Systems

There are 3 common systems:
• public cloud: storage environment where customer/client and cloud storage 

provider are different companies
• private cloud: storage provided by a dedicated environment behind a company 

firewall; customer/client and cloud storage provider are integrated and operate 
as a single entity
• hybrid cloud: combination of private and public clouds; some data resides in 

private cloud and less sensitive or commercial data can be accessed from a public 
cloud storage provider
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Cloud Storage: Benefits & Drawbacks
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Advantages Disadvantages

• customer/client files stored on the cloud can be 
accessed at any time from any device anywhere in 
the world provided internet access is available

• no need for a customer/client to carry an external 
storage device with them, or use the same 
computer to store and retrieve information

• provides the user with remote backup of data to 
aid data loss and disaster recovery

• recovers data if a customer/client has a hard disk 
or backup device failure

• offers almost unlimited storage capacity

• if the customer/client has a slow or unstable 
internet connection, they would have problems 
accessing or downloading their files

• costs can be high if large storage capacity is 
required

• can be expensive to pay for high download/upload 
data transfer limits with the customer/client 
internet service provider (ISP)

• potential failure of the cloud storage company is 
possible – this poses a risk of loss of all backup data



Cloud Software

Cloud software are software applications that can be delivered to a user's 
computer on demand using cloud computing services. 
• The cloud provider will both host and manage software applications (includes 

maintenance, software upgrades and security for a monthly fee)
• Users simply connect to the internet and contacts their cloud services supplier. 

The cloud services supplier will then connect them to the software application 
they require.
• Main advantages: software will be fully tested, and it does not need to reside on 

user's device
• User can still use the software even if the internet connection is lost (unlike web-

based apps).
• Data will simply be stored on the local device and then data will be uploaded or downloaded 

once the internet connection is restored.
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Summary

This lecture has covered the following:
• Concept of Storage
• Characteristics of Storage
• Types of Storage Access

• Primary Memory: RAM, ROM
• Secondary Memory: External Storage Devices

• Virtual Memory
• Cloud Storage
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Source: https://wanna-joke.com/human-brain-is-amazing/
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