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OBJECTIVES

Identify the major hardware components of a
computer system.

Describe the design and functioning of the
central processing unit.

Discuss the relationships between
microprocessor component designs and
performance.

Describe the main types of primary and
secondary storage.




OBJECTIVES (continued)

Distinguish between primary and secondary storage
along the dimensions of speed, cost, and capacity.

Define enterprise storage and describe the various
types of enterprise storage.

Describe the hierarchy of computers according to
power and their respective roles.

Differentiate among the various types of input and
output technologies and their uses.

Discuss the innovations in hardware utilization.

Discuss strategic issues that link hardware design to
business strategy.

Basic computer architecture

Bits and bytes

e Computers process and store data using tiny on-off switches
e Sequences of on/off ¢ strings of bits (0’s and 1's)

Information representation and conversion

e We represent and process data differently from computers

e Data we want computers to deal with have to be represented as
0’s and 1’s, converted back and forth

Basic computer architecture

Examples of information representation

¢ Numbers

42 & 00101010

o Text
IT < 01001010 01010100

e Pictures .
.gif, .jpeg, .bmp,...

e Audio




Basic computer architecture

Algorithms, programs and languages

e All computers work by performing structured sequences of

instructions called programs

e Special languages used to write programs are called
progr ing languages (examples?)

e A step-by-step blueprint for getting a computer to do something

is called an algorithm

Ask the user for two numbers
Add the numbers
Display the result

10 CLS

20  PRINT “Please enter two numbers”
30 INPUTA B

40 C=A+B

‘i

50  PRINT “The resultis:"; C
60 STOP

Hardware consists of:

Hardware refers to the physical equipment used for the input,

processing, output and storage activities of a computer system.

Central processing unit (CPU)

Primary storage
Secondary storage
Input technologies
Output technologies

Communication technologies

The Central Processing Unit

Central processing unit (CPU) performs the actual
computation or “number crunching” inside any computer.

Microprocessor

made up of millions of microscopic transistors embedded in

a circuit on a silicon chip.
Control unit

Arithmetic-logic unit (ALU)

Registers




Central Processing Unit (CPU)

(continued)

The Microprocessor

Control Arlllhrr!enc-
unit ogic
unit
Registers
Input  ——» l T e Output
Primary storage
(main memory) Communication
e devices

It

Secondary storage

How the CPU Works

Binary form

Machine instruction cycle

Clock speed
Word length

Bus width

Line width

How the CPU Works (continued)

The Microprocessor
Control unit [ Avithmetic-ogio unit
instruction instruction instruction
Decode ———[3] Execute
Fetch Store
Inputs from
software Registers Results
Instruction
Primary storage
(main memory)

See this view from Intel of how a chip works




Moore’s Law
Advances in Microprocessor Design

Moore’s Law: microprocessor complexity
would double every two years.

transistors
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Moore’s Law and Implications

# of transistors on a chip doubles periodically
(every 18 months)

Combined with pricing trends,

Computer Memory

Two basic categories of computer memory:
Primary Storage

stores small amounts of data and information that
will be immediately used by the CPU.

Secondary Storage
stores much larger amounts of data and
information (an entire software program, for
example) for extended periods of time.




Hierarchy of Storage Capacity

Kilobyte (KB)

approximately one thousand (1024) bytes.
Megabyte (MB)

approximately one million bytes
Gigabyte (GB)

Approximateky one billion bytes.
Terabyte (TB)

Approximateky one billion bytes.
Petabyte (PB)

One thousand terabytes
Exabyte (EB)

One thousand petabytes
Zettabyte (ZB)

one thousand exabytes.

Primary Storage

Primary storage or main memory stores
three types of information for very brief
periods of time:

Data to be processed by the CPU;

Instructions for the CPU as to how to process

the data;

Operating system programs that manage

various aspects of the computer’s operation.
Primary storage takes place in chips mounted
on the computer’s main circuit board, called
the motherboard.

Main Types of Primary Storage

Registers
registers are part of the CPU with the least capacity, storing
extremely limited ~ amounts of instructions and data only
immediately before and after processing.

Random access memory (RAM)
The part of primary storage that holds a software program
and small amounts of data when they are brought from
secondary storage.

Cache memory
A type of primary storage where the computer can
temporarily store blocks of data used more often.

Read-only memory (ROM)
Type of primary storage where certain critical instructions
are safeguarded; the storage is nonvolatile and retains the
instructions when the power to the computer is turned off.




Primary versus Secondary Memory

Register

Cost

Cacl

Semiconductor or
primary memory

he

Speed

ROM Secondary

Magnetic storage
disk  Optical
Magnetic

tape

ERe
Size

Secondary Storage

Memory capacity that can store very large amounts of
data for extended periods of time.
Magnetic tape
sequential access

Magnetic disks
direct access

Optical Storage Devices
Flash Memory Devices
Enterprise Storage System

Hard Drive (Magnetic Disks)

Read/write heads
| “fly” over disk surfaces

11 disks
20 recording surfaces
3500 RPMs




Optical Storage Devices

Optical storage devices: A form of
secondary storage in which a laser reads the
surface of a reflective plastic platter.
Compact Disk, Read-Only Memory (CD-ROM)
Digital Video Disk (DVD)

Flash Memory Devices

Flash memory

non-volitile memory that can be erased and
reprogrammed

Flash memory devices

electronic storage devices with no moving
parts

Thumb drive

Enterprise Storage Systems

Enterprise storage system: An independent, external system
with intelligence that includes two or more storage devices.
Three types of enterprise storage:
Redundant Arrays of Independent Disks (RAID)
An enterprise storage system that links groups of standard hard
drives to a specialized microcontroller that coordinates the
drives so they appear as a single logical drive.
Storage Area Network (SAN)
An enterprise storage system architecture for building special,
dedicated networks that allow rapid and reliable access to
storage devices by multiple servers.
Network Attached Storage (NAS)
device is a special-purpose server that provides file storage to
users who access the device over a network; plug-and-play




Computer Hierarchy

Supercomputers

Mainframe Computers

Midrange Computers

Workstations

Notebooks and Desktop Computers
Ultra-mobile PCs

Computing devices

Input and Output Technologies

Input technologies allow people and other
technologies to put data into a computer. The two
main types of input devices are:
human data-entry devices include keyboards, mouse,
trackball, joystick, touchscreen, stylus and voice
recognition; .....
source-data automation devices input data with
minimal human intervention (e.g. barcode reader).
Speed up data collection;
Reduce errors;
Gather data at the source of a transaction or other
event.

Input and Output Technologies (continued)

Output generated by a computer can be
transmitted to the user over several output
devices and media, which include:

Monitors
Printers
Plotters
Voice




Multimedia Technology

Multimedia technology is the computer-
based integration of text, sound, still images,
animation and digitized motion video.
Merges capabilities of computers with
televisions, VCRs, CD players, DVD players,
video and audio recording equipment, music
and gaming technologies.

Multimedia Authoring System

GRAPHICS AND VIDEO INPUT

Syauest drive

all  Mouse
INPUT DEVICES

Innovations in Hardware
Utilization

Server Farms
massive data centers that contain thousands
of networked computer servers.
Virtualization
using software to create partitions on a single
server so that multiple applications can run on
a single server
Grid computing
involves applying the resources of many
computers in a network to a single problem at
the same time.




Innovations in Hardware
Utilization (Continued)

Utility computing
(also called subscription computing and on-demand
computing) is when a service provider makes
computing resources and infrastructure management
available to a customer as needed for a charge based
on specific usage rather than a flat rate.

Edge Computing
process where parts of Web content and processing
are located close to the user to decrease response
time and lower processing costs.

Autonomic Computing
systems that manage themselves without direct human
intervention.

Nanotechnology (slides)

refers to the creation of materials, devices and systems
at a scale of 1 to 100 nanometers (billionths of a
meter).

TG1.7 Strategic Hardware Issues

How do organizations keep up with the rapid price
and performance advancements in hardware?

How often should an organization upgrade its
computers and storage systems?

Will upgrades increase personal and organizational
productivity?

How can organizations measure such increase?
How do organizations manage telecommuting?
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