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1. Introduction

Hardware is the most visible part of any information system: the equipment such as com-
puters, scanners and printers that is used to capture data, transform it and present it to the user as
output. Although we will focus mainly on the personal computer (PC) and the peripheral devices
that are commonly used with it, the same principles apply to the complete range of computers:

e Supercomputers, a term used to denote the fastest computing engines available at any

given time, which are used for running exceptionally demanding scientific applications.

e Mainframe computers, which provide high-capacity processing and data storage facili-
ties to hundreds or even thousands of users operating from terminals.

o Servers, which have large data storage capacities enabling users to share files and appli-
cation software, although processing will typically occur on the user’s own machine.

e Workstations, which provide high-level performance for individual users in computa-
tionally intensive fields such as engineering.

e Personal computers (including laptop/notebook computers), which have a connected
monitor, keyboard and CPU, and have developed into a convenient and flexible business
tool capable of operating independently or as part of an organizational network.

e Mobile devices such as personal digital assistants or the latest generation of cellular
telephones, which offer maximum portability plus wireless connection to the internet,
although they do not offer the full functionality of a PC.

2. Input Devices

Data may enter an information system in a variety of different ways, and the input device
that is the most appropriate will usually depend on the type of data being entered into the system,
how frequently this is done, and who is responsible for the activity. For example, it would be
more efficient to scan a page of typed text into an information system rather than retyping it, but
if this happens very seldom, and if typing staff are readily available, then the cost of the scanner
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might not be justified. However, all of the input devices described in this chapter have at least
one thing in common: the ability to translate non-digital data types such as text, sound or graph-
ics into digital format for processing by a computer.

2.1 TheKeyboard

A lot of input still happens by means of a keyboard. Usually, the information that is entered
by means of a keyboard is displayed on the monitor. The layout of most keyboards is similar to

that of the original typewriter on which it was modeled.
2.2 Pointing Devices

The now ubiquitous electronic mouse is an essential input device for use with any graphical
user interface. Buttons on the mouse can be used to select icons or menu items, or the cursor can
be used to trace drawings on the screen.

Touchscreens are computer monitors that incorporate sensors on the screen panel itself or
its sides. The user can indicate or select an area or location on the screen by pressing a finger
onto the monitor. Light and touch pens work on a similar principle, except that a stylus is used,
allowing for much finer control. Touch pens are more commonly used with handheld computers
such as personal organizers or digital assistants. They have a pen-based interface whereby a sty-
lus is used on the small touch-sensitive screen of the handheld computer, mainly by means of
ticking off pre-defined options, although the fancier models support data entry either by means
of a stylized alphabet, which resembles a type of shorthand, or some other more sophisticated
handwriting recognition interface.

Digitizer tablets, also known as graphics tablets, use a pressure sensitive area with a stylus.
This can be used to trace drawings.

Data glove looks like a hand glove but it contains a large number of sensors and has a data
cable attached, though data cable is being replaced by means of infrared cordless data transmis-
sion. Not only does the data glove allow for full three-dimensional movement but it also senses
the position of individual fingers and translate this into a grip. The glove is currently used in
virtual reality simulators where the user moves around in an artificially rendered environment
projected onto tiny LCD screens fitted into vision goggles. The computer generates various
imaginary objects, which the user can “pick up” and manipulate by means of the glove. Ad-
vanced models even allow for tactile feedback by means of small pressure pockets built into the

glove.
2.3 Optical Scannersand Readers

There are a number of different optical scanner technologies on the market.

¢ Optical scanners use light-emitting devices to illuminate the printing on paper. Depend-
ing on how much light is reflected, a light sensor determines the position and darkness
(or color) of the markings on the paper. Special-purpose optical scanners are in use by
postal services to read and interpret hand-written postal codes. General-purpose
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scanners are used with personal computers to scan in images or text. A common use of
optical scanners is the scanning of black-and-white or color images and pictures. When
scanning text, it is necessary to load additional optical character recognition (OCR)
software that converts the scanned raster-image of the text into the equivalent character
symbols, so that they can be edited using word processing software.

e Barcode scanners detect sequences of vertical lines of different widths. These scanners
have become very popular with retailers due to the fact that all pre-packaged products
are now required to have a product bar code on their packaging. Libraries now also
commonly use barcode scanners. They are more generally used for tracking large num-
bers of physical items, such as luggage handling by airlines.

e Optical mark readers are capable of reading dark marks on specially designed forms.
The red multiple choice answer sheets in use at many educational and testing institutions

are a good example.
2.4 Other Input Devices

A magnetic card reader reads the magnetized stripe on the back of plastic credit-card size
cards. These cards need to be pre-recorded following certain standards. Although the cards can
hold only a tiny amount of information, they are very popular for access control.

Biometric devices are used to verify personal identity based on fingerprints, iris or retinal
scanning, hand geometry, facial characteristics etc. A scanning device is used to capture key
measurements and compare them against a database of previously stored information. This type
of authentication is becoming increasingly important in the control of physical access.

Finally, voice input devices are coming of age. Voicerecognition has recently made a strong
entry into the market with the availability of low-cost systems that work surprisingly well with
today’s personal computers. These systems allow for voice control of most standard applica-

tions.

3. Central Processing Unit (CPU)

Once data has been entered into a computer, it is acted on by the CPU, which is the real

brain of the computer.
3.1 Componentsof the CPU

e The CPU has two major components.

e The arithmetic logic unit (ALU) executes the actual instructions. It knows how to add or
multiply numbers, compare data, or convert data into different internal formats.

e The control unit does the “housekeeping”. It ensures that the instructions are processed

on time, in the proper sequence, and operate on the correct data.
3.2 Speed of Processing

One can measure the speed of the CPU by checking the time it takes to process one single
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instruction. However, instead of indicating the time it takes to execute a single instruction, the
processing speed is usually indicated by how many instructions (or computations) a CPU can
execute in a second.

In practice, the speed of a processor is dictated by four different elements: the “clock
speed”, which indicates how many simple instructions can be executed per second; the word
length, which is the number of bits that can be processed by the CPU at any one time; the bus
width, which determines the number of bits that can be moved simultaneously in or out of the
CPU; and then the physical design of the chip, in terms of the layout of its individual transistors.

4. Main Memory

The function of main memory (also referred to as primary memory, main storage or internal
storage) is to provide temporary storage for instructions and data during the execution of a pro-

gram. Main memory is usually known as RAM, which stands for random access memory.
4.1 Random Access Memory (RAM)

RAM consists of standard circuit-inscribed silicon microchips that contain many millions of
tiny transistors. Very much like the CPU chips, their technology follows to the law of Moore,
which states that they double in capacity or power (for the same price) every 18 months. A RAM
chip easily holds hundreds of megabytes (million characters). They are frequently pre-soldered
in sets on tiny memory circuit boards called SIMMs (single in-line memory modules) or DIMMs
(dual in-line memory modules) which slot directly onto the motherboard: the main circuit board
that holds the CPU and other essential electronic elements. The biggest disadvantage of RAM is
that its contents are lost whenever the power is switched off.

Two important types of RAM are:

e (Cache memory is ultra-fast memory that operates at the speed of the CPU. Access to
normal RAM is usually slower than the actual operating speed of the CPU. To avoid
slowing the CPU down, computers usually incorporate some more expensive, faster
cache RAM that sits in between the CPU and RAM. This cache holds the data and pro-
grams that are needed immediately by the CPU. Although today’s CPUs already incor-
porate an amount of cache on the circuit itself, this on-chip cache is usually supple-
mented by an additional, larger cache on the motherboard.

o Flash RAM or flash memory consists of special RAM chips. It fits into custom ports on
many notebooks, hand-held computers and digital cameras. Unlike normal RAM, flash
memory is nonvolatile. It holds its contents even without external power, so it is also

useful as a secondary storage device.
4.2 Read-Only Memory (ROM)

A small but essential element of any computer, ROM also consists of electronic memory
microchips but, unlike RAM, it does not lose its contents when the power is switched off. Its
function is also very different from that of RAM. Since it is difficult or impossible to change the
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contents of ROM, it is typically used to hold program instructions that are unlikely to change
during the lifetime of the computer. The main application of ROM is to store the so-called boot
program. ROM chips are also found in many devices which contain programs that are unlikely to
change over a significant period of time. Just like RAM, ROM comes in a number of different
forms:

e PROM (programmable read-only memory) is initially empty and can be custom-progra-
mmed once only using special equipment. Loading or programming the contents of
ROM is called burning the chip since it is the electronic equivalent of blowing tiny tran-
sistor fuses within the chip. Once programmed, ordinary PROMs cannot be modified
afterwards.

e EPROM (erasable programmable read-only memory) is like PROM, but by using special
equipment such as an ultraviolet light gun, the memory contents can be erased so that
the EPROM can be re-programmed.

e EEPROM (electrically erasable programmable read-only memory) is similar to EPROM,
but it can be re-programmed using special electronic pulses rather than ultraviolet light
so no special equipment is required.
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5. Secondary Storage Devices

Since the main memory of a computer has a limited capacity, it is necessary to retain data in
secondary storage between different processing cycles. This is the medium used to store the pro-
gram instructions as well as the data required for future processing. Most secondary storage de-

vices in use today are based on magnetic or optical technologies.
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5.1 Disk Drives

The disk drive is the most popular secondary storage device, and is found in both main-
frame and microcomputer environments. The central mechanism of the disk drive is a flat disk,
coated with a magnetizable substance. As this disk rotates, information can be read from or writ-
ten to it by means of a head. The head is fixed on an arm and can move across the radius of the
disk. Each position of the arm corresponds to a “track” on the disk, which can be visualized as
one concentric circle of magnetic data. The data on a track is read sequentially as the disk spins
underneath the head. There are quite a few different types of disk drives.

In Winchester hard drives, the disk, access arm and read/write heads are combined in one
single sealed module. This unit is not normally removable. Since the drives are not handled
physically, they are less likely to be contaminated by dust and therefore much more reliable.
Mass production and technology advances have brought dramatic improvements in the storage
capacity.

Large organizations such as banks, telcos and life insurance companies require huge
amounts of storage space, often in the order of many terabytes (one terabyte is one million me-
gabytes or a trillion characters). This was typically provided by a roomful of large, high-capacity
hard drive units. Currently, they are being replaced increasingly by redundant arrays of indepen-
dent disks (RAIDs). A RAID consists of an independently powered cabinet that contains a
number (10 to 100) of microcomputer Winchester-type drives but functions as one single sec-
ondary storage unit. The advantage of the RAID is its high-speed access and relatively low cost.
In addition, a RAID provides extra data security by means of its fault-tolerant design whereby
critical data is mirrored (stored twice on different drives) thus providing physical data
redundancy. Should a mirrored drive fail, the other drive steps in automatically as a backup.

5.2 Optical Disk Storage

Optical disks, on the other hand, are rapidly becoming the storage medium of choice for the
mass distribution of data/programs and the backup of data. Similar to disk storage, information
is stored and read from a circular disk. However, instead of a magnetic read head, a tiny laser
beam is used to detect microscopic pits burnt onto a plastic disk coated with reflective material.
The pits determine whether most of the laser light is reflected back or scattered, thus making for
a binary “on” or “off”. In contrast to hard disks, data is not stored in concentric cylinders but in

one long continuous spiral track.
53 SSD

An SSD (solid state drive) is a type of mass storage device similar to a hard disk drive
(HDD). It supports reading and writing data and maintains stored data in a permanent state even
without power.

Unlike hard drives, SSDs do not have any moving parts (which is why they are called solid
state drives). Instead of storing data on magnetic platters, SSDs store data using flash memory.

Since SSDs have no moving parts, SSDs can access data faster than HDDs.
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SSDs have several other advantages over hard drives as well. For example, the read per-
formance of a hard drive declines when data gets fragmented, or split up into multiple locations
on the disk. The read performance of an SSD does not diminish no matter where the data is
stored on the drive. Therefore defragmenting an SSD is not necessary. Since SSDs do not store
data magnetically, they are not susceptible to data loss even if there are strong magnetic fields in
close proximity to the drive. Additionally, since SSDs have no moving parts, there is far less chance
of a mechanical breakdown. SSDs are also lighter, quieter, and use less power than hard drives.

However, SSDs also have some disadvantages. Since the SSD technology is much newer
than traditional hard drive technology, the price of SSDs is substantially higher. Most SSD drives
sold today have much smaller capacities than comparable hard drives. As the SSD technology
improves and the prices continue to fall, it is likely that solid state drives will replace hard disk

drives for most purposes.

6. Output Devices

The final stage of information processing involves the use of output devices to transform
computer-readable data back into an information format that can be processed by humans. As
with input devices, when deciding on an output device you need to consider what sort of infor-
mation is to be displayed, and who is intended to receive it.

One distinction that can be drawn between output devices is that of hardcopy versus soft-
copy devices. Hardcopy devices (printers) produce a tangible and permanent output whereas

softcopy devices (display screens) present a temporary, fleeting image.
6.1 Display Screens

The desk-based computer screen is the most popular output device. The standard monitor
works on the same principle as the normal TV tube: a “ray” gun fires electrically charged parti-
cles onto a specially coated tube (hence the name cathode-ray tube or CRT). When the particles
hit the coating, the “coating” is being “excited” and emits light. A strong magnetic field guides
the particle stream to form the text or graphics on your familiar monitor.

A technology that has received much impetus from the fast-growing laptop and notebook
market is the liquid crystal display (LCD). LCDs have matured quickly, increasing in resolution,
contrast, and colour quality. Their main advantages are lower energy requirements and their thin,
flat size. Although alternative technologies are already being explored in research laboratories,
they currently dominate the “flat display” market.

Organic light-emitting diodes (OLED) can generate brighter and faster images than LED
technology, and require thinner screens.

Another screen-related technology is the video projection unit. It was originally developed
for the projection of video films. Today’s units fit easily into a small suitcase and project a com-
puter presentation in very much the same way a slide projector shows a slide presentation.
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6.2 Printer

Printers are a type of computer peripheral device that fall into two broad categories: 2D
printers that print text and graphics onto paper (or other media) and 3D printers that create phys-

ical objects.
6.2.1 2D Printers

2D printers are by far the most common type of printer. This category can be subdivided
based on the type of technology used to transfer images onto paper. Modern printers generally
fall into one of the following categories:
o Inkjet: It sprays ink at a sheet of paper. Inkjet printers produce high-quality text and
graphics.
o Laser: It uses the same technology as copy machines. Laser printers produce very high-
quality text and graphics.
o LED: It is similar to a laser printer but uses light-emitting diodes rather than a laser to
produce an image on the drum.
o Thermal printer: It works by pushing heated pins against heat-sensitive paper. Thermal

printers are widely used in ATMs and cash registers.
6.2.2 3D Printers

3D printers work by depositing layers of material on top of each other to create a physical
object. This type of process is also sometimes called additive manufacturing. Currently, compa-
nies are investing in a lot of research and development around 3D printing, and the technology is
changing rapidly. 3D printing is expected to grow in popularity as the technology improves and

costs for 3D printers decline.
6.3 Plotters

Plotters are mainly used for engineering and architectural drawings. A plotter consists of
one or several — in the case of color plotters — pens affixed to an arm. As the arm moves across
the sheet of paper, the pen draws lines onto the paper. It is ideal for line drawings such as plans.

6.4 Audio Output Devices

Audio output is becoming increasingly popular. There are some different types of audio
output.

¢ Sound output is required by most multimedia applications and sophisticated games. The
sound card in many of today’s personal computers synthesizes sound by drawing from a
library of stored sounds, essentially using the same process as found in music keyboards.
More advanced multimedia workstations are equipped for full stereo multi-channel sur-
round sound and easily surpass many modern Hi-Fi systems in cabling and speaker
complexity.

o Speech synthesis is the production of speech-like output using an artificial voice. Al-
though the lack of intonation still makes the voice sound artificial, the technology is
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reasonably mature and can be found anywhere.
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Exercises

[Ex. 1] Answer thefollowing questions accordingto Text A.

. What are supercomputers?

. What do personal computers have? What have they developed into?

. What will the input device that is the most appropriate usually depend on?

. What are touchscreens? What can the user do by pressing a finger onto the monitor?
. What does the data glove do? Where is the data glove currently used?

. What are the different optical scanner technologies on the market?

. What are the two major components the CPU has?

. What is main memory also referred to as? What is the function of main memory?

. What does RAM stand for? What are the two important types of RAM?

O 0 3 O L B W N~
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10. What does ROM stand for? What is the main application of ROM?
[Ex.2] Answer thefollowing questions according to Text B.

1. What is the disk drive? What is the central mechanism of the disk drive?
2. What does a RAID consist of? What is the advantage of the RAID?

3. What is an SSD?

4. What is the most popular output device?

5. What are the main advantages of LCDs?

6. What are printers? What are the two broad categories they fall into?

7. What categories do modern printers generally fall into?

8. How do 2D printers work?

9. What are plotters mainly used for?

10. What are the different types of audio output mentioned in the passage?

[Ex. 3] Trandatethefollowingtermsor phrasesfrom English into Chinese and vice ver sa.

. boot program

. graphical user interface

. peripheral device

. virtual reality

NG A
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. nIjEe, DRt

cadi AEG R TER, A5 .
. NATERHL 10.
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1
2
3
4
. word length 5.
6
7
8
9

—
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[Ex. 4] Trandatethe following sentencesinto Chinese.

Main Components of a Computer

CPU is considered the most important component in a computer and for good reason. It
handles most operations, by processing instructions and giving signals out to other components.
The CPU is the main bridge between all the computer’s major parts.

RAM is a computer component where data used by the operating system and software ap-
plications is stored so that the CPU can process them quickly. Everything stored on RAM is lost
if the computer is shut off. Depending on the applications you use, there is typically a maximum
limit of RAM you will need for the computer to function properly.

HDD — Also known as hard disk drive, it is the component where photos, apps, docu-

ments and such are kept. Although they are still being used, we have much faster types of stor-
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age devices such as solid state drives (SSD) that are also more reliable.

Motherboard — There is no acronym for this component but without it, there can’t be a

computer. The motherboard acts as the home for all other components, allows them to commu-
nicate with each other and gives them power in order to function. There are components that
don’t require a physical connection to the motherboard in order to work, such as Bluetooth or
Wi-Fi but, if there is no connection or signal what so ever, the computer won’t know it’s there.

Video and sound cards — Two components which help the user interact with the computer.
Although one can use a computer with a missing sound card, it’s not really possible to use it
without a video card. The sound card is used mainly to play sound through a speaker. However, a
video card is used to send images on the screen. Without it, it would be like looking at an empty
monitor.

Network adapter — Even though it is not actually required to operate the computer, the
network adapter improves the user’s experience as it provides access to the internet. Modern
computers with operating systems such as Windows will not offer the user all of its features
without an Internet connection.

[Ex. 5] Fill in the blanks with the words given below.

components peripherals peripheral memory computer
output external motherboard devices hardware

What Are Computer Peripherals?

Computer peripherals are the devices you use to expand your system's functionality and are
not essential for the computer to work. Many peripherals are 1 devices that give you a
way to input information. For example, you might use a mouse or trackpad to navigate the screen,
a keyboard to type text or a microphone to record audio. Other peripherals are 2 devices
that let you see, print or listen to something, such as monitors, printers and speakers. While de-
batable since they are key 3 for a functional computer, internal devices like hard drives

and memory may be considered peripherals.
1. Keyboard, Mouse and Touch Pad Devices

Keyboards, mice, touch pads and other human interface devices are very common __ 4  of
computer systems. A HID is a peripheral that lets the computer use input data or interact with the
computer. HIDs are always considered peripheral 5 because it is possible for a computer
to operate and do countless jobs without the need for human interaction. You can disconnect an
HID from a 6 and replace it with a new one without affecting the core functionality of

the system.
2. Data Storage Devices

Data storage devices are 7 devices capable of holding information and include system



Unit 1 Computer Hardware 25

RAM, internal hard drives, external hard drives, solid state drives, flash drives, 8 cards
and cassettes. Any type of storage device that connects outside of the computer, or isn't neces-
sary for the computer to run, is considered a 9 . For example, you can connect and discon-
nect external hard drives, flash drives and memory cards without disabling the the computer. How-
ever, system RAM and internal hard drives straddle the peripheral line. While the 10 and
CPU have small amounts of built-in memory, alone, they are not enough to utilize most of the
computer’s capabilities.
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