The Components
of the System Unit

After completing this chapter, you will be able to:

Differentiate among various styles of system units on desktop
computers, notebook computers, and mobile devices

Describe the control unit and arithmetic logic unit components
of a processor, and explain the four steps in a machine cycle

Define a bit and describe how a series of bits represents data

Differentiate among the various types of memory: RAM, cache,
ROM, flash memory, and CMOS

Describe the purpose and types of expansion slots and
adapter cards

Differentiate between a port and a connector, and explain
the differences among a USB port and other ports

7 Describe the types of buses in a computer

Understand how to clean a system unit on a computer or
mobile device
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The System Unit

Whether you are a home user or a business user, you most likely will purchase a new computer or
upgrade an existing computer at some time in the future. Thus, you should understand the purpose of 1
each component in a computer. As Chapter 1 discussed, a computer includes devices used for input, pro-
cessing, output, storage, and communications. Many of these components are part of the system unit,  §
The system unit is a case that contains electronic components of the computer used to process  §
data. System units are available in a variety of shapes and sizes. The case of the system unit is made  §
of metal or plastic and protects the internal electronic components from damage. All computers and |
mobile devices have a system unit (Figure 4-1). N |
On desktop personal computers, the electronic components and most storage devices are part of the £
system unit. Other devices, such as the keyboard, mouse, microphone, monitor, printer, USB flash drive,
scanner, Web cam, and speakers, normally occupy space outside the system unit. An all-in-one desktop
personal computer is an exception, which houses the monitor and the system unit in the same case. O §
most notebook computers, including netbooks, the keyboard and pointing device often occupy the areg B |
on the top of the system unit, and the display attaches to the system unit by hinges. The location of the
system unit on a Tablet PC varies, depending on the design of the Tablet PC. With the slate Tablet PG §
(shown in Figure 4-23 on page 173), which typically does not include a keyboard, the system unitis  §
behind the display. On a convertible Tablet PC (shown in lower-left corner of Figure 4-1), by contrast,

system unit

system unit
system unit

Figure 4-1 Al sizes of computers and mobile devices have a system unit.
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the system unit is positioned below a keyboard, and the display attaches to the system unit with a swivel-
type hinge, which enables a user to rotate the display and fold it down over the keyboard to look like a
slate Tablet PC. The system unit on an Ultra-Mobile PC, a smart phone, and a PDA usually consumes the
entire device. On these mobile computers and devices, the display often is built into the system unit. With
game consoles, the input and output devices, such as controllers and a television, reside outside the system
unit. On handheld game consoles, portable media players, and digital cameras, by contrast, the packaging
around the system unit houses the input devices and display.

At some point, you might have to open the system unit on a desktop personal computer to
replace or install a new electronic component. For this reason, you should be familiar with the
electronic components of a system unit. Figure 4-2 identifies some of these components, which
include the processor, memory, adapter cards, drive bays, and the power supply.

The processor interprets and carries out the basic instructions that operate a computer. Memory
typically holds data waiting to be processed and instructions waiting to be executed. The elec-
tronic components and circuitry of the system unit, such as the processor and memory, usually
are part of or are connected to a circuit board called the motherboard. Many motherboards also
integrate sound, video, and networking capabilities.

Adapter cards are circuit boards that provide connections and functions not built into the mother-
board or expand on the capability of features integrated into the motherboard. For example, a sound
card and a video card are two types of adapter cards found in some desktop personal computers today.

Devices outside the system unit often attach to ports on the system unit by a connector on a cable,
These devices may include a keyboard, mouse, microphone, monitor, printer, scanner, USB flash drive,
card reader/writer, Web cam, and speakers. A drive bay holds one or more disk drives. The power
supply allows electricity to travel through a power cord from a wall outlet into a computer.

drive bay power supply

sound card

T

video card

W processor

Figure 4-2 The system unit on a typical personal computer consists of numerous electronic components, some of which
are shown in this figure. The sound card and video card are two types of adapter cards.
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The Motherboard

The motherboard, sometimes called a system board, is the main circuit board of the system unit.
Many electronic components attach to the motherboard; others are built into it. Figure 4-3 shows a
photo of a current desktop personal computer motherboard and identifies its slots for adapter cards,
the processor chip, and memory. Memory chips are installed on memory cards (modules) that fit in a

slot on the motherboard.

A computer chip is a small piece of semiconducting material, usually silicon, on which integrated
circuits are etched. An integrated circuit contains many microscopic pathways capable of carrying
electrical current. Each integrated circuit can contain millions of elements such as resistors, capacitors,
and transistors. Specific types of processor, memory, and other chips are discussed later in the chapter.
Read Innovative Computing 4-1 to find out about chips implanted in animals.

|9 | INNOVATIVE COMPUTING 4-1

Chip Implants Identify Animals

When Fido and Fluffy run away, their safe return home may be
based on data stored on a chip that veterinarians have implanted
under the skin, usually at the neck or

. shoulder blades. Other animals can be

. chipped, including horses, birds, and

- livestock.

Each chip is numbered uniquely and
registered to the owner's name and
 address. This chip, sometimes called

e a microchip because it is the size of a
TS grain of rice, contains an antenna and
transponder encased in a glass tube. The antenna receives low-
frequency radio waves when a scanning device passes over the

slots for memory
modules

slot for
processor chip

motherboard

chip, and the transponder sends a signal with the chip’s number
back to the scanner,

Shelters and animal control centers routinely scan runaway pets
for chips in an attempt to reunite animals with their owners, and
some animal hospitals scan pets to determine whether they have
been reported lost or stolen. Most shelters require pets to have
the implant before the animals are adopted. in addition, breed-
ers, farmers, and animal associations implant the chips to thwart
thieves. Researchers also use this technology to track migration of
wild animals and fish.

& For more information, visit scsite.com/dcf2011/chd/innovative
and then click ID Chips,

expansion slots
for adapter cards

Figure 4-3 Many electronic components attach to the motherboard in a desktop personal
computer, including a processor chip, memory modules, and adapter cards.
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Proc-assor

The processor, also called the central processing unit (CPU), interprets and carries out the basic
instructions that operate a computer. The processor significantly impacts overall computing power
and manages most of a computer’s operations. On a personal computer, all functions of the processor
usually are on a single chip. Some computer and chip manufacturers use the term microprocessor
to refer to a personal computer processor chip.

Most processor chip manufacturers now offer multi-core processors. A processor core contains
the circuitry necessary to execute instructions. The operating system views each processor core as
a separate processor. A multi-core processor is a chip with two or more Separate processor cores.
Two common multi-core processors are dual-core and quad-core. A dual-core processor is a chip
that contains two separate processor cores. Similarly, a quad-core processor is a chip with four
separate processor cores.

Each processor core on a multi-core processor generally runs at a slower clock speed than a
single-core processor, but multi-core processors typically increase overall performance. For example,
although a dual-core processor does not double the processing speed of a single-core processor, it can
approach those speeds. Multi-core Processors also are more energy efficient than separate multiple
processors, requiring lower levels of power consumption and emitting less heat in the system unit,

Processors contain a control unit and an arithmetic logic unit (ALU). These two components
work together to perform processing operations. Figure 4-4 illustrates how other devices that are
connected to the computer communicate with the processor to carry out a task.

{b Multi-Core Processors
For more information, visit
scsite.com/dcf2011/chd/
weblink and then click
Multi-Core Processors.

PROCESSOR
CONTROL ARITHMETIC
UNIT LOGIC UNIT (ALU)

“instructions
data
information

S T ' : OUTPUT Figure 4-4 Most devices connected
MEMORY  information DEVICES to the computer communicate with the
/ | | processor to carry out a task. When a

user starts a program, for example, its

instructions instructions transfer from a storage device
data to memory. Data needed by programs enters
information memory from either an input device or a

EJE"_&\ St T —_'.'k;‘"
STORAGE
DEVICES

i

The Control Unit

storage device. The control unit interprets
and executes instructions in memory, and
the ALU performs calculations on the data
in memory. Resulting information is stored
in memory, from which it can be sent to an
output device or a storage device for future
access, as needed.

The control unit is the component of the processor that directs and coordinates most of the
operations in the computer. The control unit has a role much like a traffic cop: it interprets each
instruction issued by a program and then initiates the appropriate action to carry out the instruc-
tion. Types of internal components that the control unit directs include the arithmetc/logic unit

and buses, each discussed in this chapter.

|
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The Arithmetic Logic Unit

The arithmetic logic unit (ALU), another component of the processor, performs arithmetic,
comparison, and other operations. Arithmetic operations include basic calculations such as addition,
subtraction, multiplication, and division. Comparison operations involve comparing one data item
with another to determine whether the first item is greater than, equal to, or less than the other
item. Depending on the result of the comparison, different actions may occur.

Machine Cycle

For every instruction, a processor repeats a set of four basic operations, which comprise a
machine cycle (Figure 4-5): (1) fetching, (2) decoding, (3) executing, and, if necessary, (4) storing.
Fetching is the process of obtaining a program instruction or data item from memory. The term
decoding refers to the process of translating the instruction into signals the computer can execute.
Executing is the process of carrying out the commands. Storing, in this context, means writing the
result to memory (not to a storage medium).

The Steps in a Machine Cycle

A student enters a math Step 1
problem into the The control unit fetches
memory of the computer. the math problem’s
= n, ¥ instructions and data
from memory.

The results in memory ap
on the screen of the moni

Step 2 %
The control unit decodes the £
math problem’s Instructions :
and sends the Instructions é

J

Step 4
The results of the math
problem are stored in

memory. and data to the ALU.

The ALU performs
calculations on the data.

Figure 4-5 This figure shows the steps in a machine cycle.

The System Clock
"The processor relies on a small quartz crystal circuit called the system clock to control the
timing of all computer operations. Just as your heart beats at a regular rate to keep your body func-

tioning, the system clock generates regular electronic pulses, or ticks, that set the operating pace of
components of the system unit.
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The pace of the system clock, called the clock speed, is measured by the number of ticks per
second. Current personal computer processors have clock speeds in the gigahertz range. Giga is
a prefix that stands for billion, and a hertz is one cycle per second. Thus, one gigahertz (GHz)
equals one billion ticks of the system clock per second. A computer that operates at 3 GHz has 3
billion (giga) clock cycles in one second (hertz). The faster the clock speed, the more instructions
the processor can execute per second. The speed of the system clock is just one factor that influ-
ences a computer’s performance. Other factors, such as the type of processor chip, amount of cache,
memory access time, bus width, and bus clock speed, are discussed later in this chapter.

Comparison of Personal Computer Processors

The leading manufacturers of personal computer processor chips are Intel and AMD. These
manufacturers often identify their processor chips by a model name or model number.

High-performance desktop personal computers today use a processor in the Intel Core family. Less
expensive, basic personal computers today use a brand of Intel processor in the Pentium or Celeron
family. The Xeon and Itanium families of processors are ideal for workstations and low-end servers.

AMD is the leading manufacturer of Intel-compatible processors, which have an internal design
similar to Intel processors, perform the same functions, and can be as powerful, but often are less
expensive.

In the past, chip manufacturers listed a processor’s clock speed in marketing literature and advertise-
ments. As previously mentioned, though, clock speed is only one factor that impacts processing speed
in today’s computers. To help consumers evaluate various processors, manufacturers such as Intel and
AMD now use a numbering scheme that more accurately reflects the processing speed of their chips.

If you are ready to buy a new computer, the processor you select should depend on how you plan
to use the computer. For detailed personal computer and mobile device purchasing guidelines, read
the Buyer’s Guide feature that follows Chapter 7.

Which PC vendors are the most popular with Worldwide PC Market Share

consumers? HP

Hewlett-Packard (HP) has the highest market share worldwide 20% | Dell

at approximately 20 percent, with Dell in second place with e

nearly 13 percent market share. HP accounts for nearly 21 Ble

percent of PC sales in the United States. The chart to the right g

compares the worldwide market share for various PC vendors. Toshiba
Others

) For more information, visit scsite.com/dcf2011/chdffaq and
then dlick PC Vendor Market.

Instructions: Find the true statement below. Then, rewrite the remaining false statements so that they are true.

A computer chip is a small piece of semiconducting material, usually silicon, on which integrated circuits are etched.
Four basic operations in a machine cycle are: (1) comparing, (2) decoding, (3) executing, and, if necessary, (4) pipelining.
Processors contain a motherboard and an arithmetic logic unit (ALU).

The central processing unit, sometimes called a system board, is the main circuit board of the system unit.

The leading processor chip manufacturers for personal computers are Microsoft and AMD.

The system unit is a case that contains mechanical components of the computer used to process data.

Source: Gartner

AU o

& Quiz Yourself Online: To further check your knowledge of pages 156 through 161, visit scsite.com/dcf2011/chd/quiz and then click
Objectives 1 - 2.
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Data Representation

To understand how a computer processes data, you should know how a
computer represents data. Most computers are digital. They recognize
only two discrete states: on and off. The two digits, 0 and 1, easily can rep-
mm(l;\lr TI))IGI'I‘ Etggl:gzlc ELESCTT:T(;NIC resent these two states (Figure 4-6). The digit 0 represents the electronic
state of off (absence of an electronic charge). The digit 1 represents the
electronic state of on (presence of an electronic charge).
The computer uses a binary system because it recognizes only two
. states. The binary system is a number system that has just two unique
- digits, 0 and 1, called bits. A bit (short for binary digit) is the smallest unit
i of data the computer can process. By itself, a bit is not very informative. |
When 8 bits are grouped together as a unit, they form a byte. A byte ]
provides enough different combinations of Os and 1s to represent 256
individual characters. These characters include numbers, uppercase and f

Figure 4-6 A computer circuit represents the 0 lowercase letters of the alphabet, punctuation marks, and others, such as
or the 1 electronically by the presence or absence the letters of the Greek alphabet. F
of an electronic charge. The combinations of Os and 1s that represent characters are defined
by patterns called a coding scheme. In one coding scheme, the number
8-BIT BYTE FOR THE NUMBER 4 4 is represented as 00110100, the number

0 0 1 1 0 1 0 0 6 as 00110110, and the capital letter E as
. . Q ° . Q ‘ . 01000101 (Figure 4-7). ASCII (pronounced

ASK-ee), which stands for American

8-BIT BYTE FOR THE NUMBER 6 Standard Code for Information Interchange,

0 0 1 1 0 1 1. 0 is the most widely used coding scheme to -
‘ . e ° ‘ o a ‘ represent data (Figure 4-8). i

Coding schemes make it possible for

8-BIT BYTE FOR THE LETTER E humans to interact with a digital computer

th nly bits. Wh
’ . ' e : . i . ’ . 1 0 : . : o ke;t::;clise;eso:rd},’alctls-lip inetrlllz ?(:yil;)e::da |

converts the key’s electronic signal into a

Figure 4-7 Eight bits grouped
together as a unit are called a byte. A
byte represents a single character in the ASCll SYMBOL ASCIl SYMBOL

computer. 00110000 01001110
00110001 01001111

00110010 01010000

00110011 01010001 2 L

00110100 01010010 } }

00110101 01010011 :

00110110 01010100

00110111 01010101

00111000 01010110

00111001 01010111

01000001 01011000

01000010 01011001

01000011 01011010

01000100 00100001

01000101 00100010

01000110 00100011

01000111 00100100

01001000 00100101

01001001 00100110

01001010 00101000

01001011 00101001

Figure 4-8 ASCl is a widely used 01001100 00101010
coding scheme. 01001101 00101011
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scan code that is sent to the system unit. Then, the system unit converts the scan code into a binary
form the computer can process and is stored in memory. Every character is converted to its cor-
responding byte. The computer then processes the data as bytes, which actually is a series of on/off
electrical states. When processing is finished, software converts the byte into a human-recognizable
number, letter of the alphabet, or special character that is displayed on a screen or is printed (Figure
+4-9). All of these conversions take place so quickly that you do not realize they are occurring.

Standards, such as those defined by ASCII, also make it possible for components in computers to
communicate successfully with each other.

How a Letter Is Converted to Binary Form and Back

Step 1 = == 2> Step 2 — —\
A user presses the capital letter The scan code for the capital letter
T (SHIFT+T keys) on the keyboard, T is sent to the system unit.

which in turn creates a special code,
called a scan code, for the capital letter T.

Step4 <€ Step 3 <& |
After processing, the binary The system unit converts the scan
code for the capital letter T SRS 7 code for the capital letter T to its

is converted to an image and ASCII binary code (01010100} and

displayed on the output device. stores it in memory for processing.
Auto Care ke

ON-SIT
CLEANING

Figure 4-9 This figure shows how a letter is converted to binary form and back.

emory

Memory consists of electronic components that store instructions waiting to be executed by the processor,
data needed by those instructions, and the results of processing the data (information). Memory usually
consists of one or more chips on the motherboard or some other circuit board in the computer.

Memory stores three basic categories of items: (1) the operating system and other system software that
control or maintain the computer and its devices; (2) application programs that carry out a specific task
such as word processing; and (3) the data being processed by the application programs and resulting infor-
mation. This role of memory to store both data and programs is known as the stored program concept.
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Figure 4-10

Seats in an opera
house are similar to
addresses in memory:

a seat holds one
person at a time, and

a location in memory
holds a single byte; and
both a seat and a byte
can be empty.

Bytes and Addressable Memory

A byte (character) is the basic storage unit in memory. When application
program instructions and data are transferred to memory from storage
devices, the instructions and data exist as bytes. Each byte resides tempo-
rarily in a location in memory that has an address. An address simply is
a unique number that identifies the location of the byte in memory. The
illustration in Figure 4-10 shows how seats in an opera house are similar
to addresses in memory: (1) a seat, which is identified by a unique seat
number, holds one person at a time, and a location in memory, which is
identified by a unique address, holds a single byte; and (2) both a seat,
identified by a seat number, and a byte, identified by an address, can be
empty. To access data or instructions in memory, the computer references
the addresses that contain bytes of data.

Memory Sizes

Manufacturers state the size of memory (Figure 4-11) and storage devices in terms of the number
of bytes the chip or device has available for storage. Recall that storage devices hold data, instructions,
and information for future use, while most memory holds these items temporarily. A kilobyte (KB or
K) is equal to exactly 1,024 bytes. To simplify memory and storage definitions, computer users often
round a kilobyte down to 1,000 bytes. For example, if a memory chip can store 100 KB, it can hold
approximately 100,000 bytes (characters). A megabyte (MB) is equal to approximately 1 million bytes.
A gigabyte (GB) equals appr oximately 1 billion bytes. A terabyte (TB) is equal to approximately 1
trillion bytes.

Memory Sizes

A_pproximate g 5 Approximate
3 Number of = Exact Number Number of
Term ~ Abbreviations © Bytes © ofBytes. . - Pages of Text
Kilobyte KB orK 1 thousand 1,024 12
Megabyte MB 1 million 1,048,576 500
Gigabyte GB 1 billion 1,073,741,824 500,000
Terabyte 18 1 trillion 1,099,511,627,776 500,000,000

Figure 4-11 Terms commonly used to define memory sizes.

Types of Memory

The system unit contains two types of memory: volatile and nonvolatile. When the computer’s
power is turned off, volatile memory loses its contents. Nonvolatile memory, by contrast, does
not lose its contents when power is removed from the computer. Thus, volatile memory is tem-
porary and nonvolatile memory is permanent. RAM is the most common type of volatile memory.
Examples of nonvolatile memory include ROM, flash memory, and CMOS. The following sections

discuss these types of memory.

RAM

Users typically are referring to RAM when discussing computer memory. RAM (random access
memory), also called main memory, consists of memory chips that can be read from and written to
by the processor and other devices. When you turn on power to a computer, certain operating system
files (such as the files that determine how the desktop appears) load into RAM from a storage device
such as a hard disk. These files remain in RAM as long as the computer has continuous power. As
additional programs and data are requested, they also load into RAM from storage.




The processor interprets and executes a program’s instructions while the program is in RAM.
During this time, the contents of RAM may change (Figure 4-12). RAM can hold multiple programs
simultaneously, provided the computer has enough RAM to accommodate all the programs.

Most RAM is volatile, which means it loses its contents when the power is removed from the com-
puter. For this reason, you must save any items you may need in the future. Saving is the process of
copying items from RAM to a storage device such as a hard disk.

How Program Instructions Transfer in and out of RAM

RAM

operating system
Interface

Step 1

When you start the computer, certain
operating system files are loaded into
RAM from the hard disk. The operating
system displays the user interface an
the screen.

- operating system ..
*_Instructions

RAM

Step 2

| When you start a Web browser, the
program's instructions are loaded into

¢ RAM from the hard disk. The Web

{ browser and certaln operating system

}’ ~_Instructlons are in RAM. The Web browser

M,

~. Web browser
- Instructions
- window appears on the screen.

[

Web browser.

Ty

Step 3

When you start a paint program,

the program's Instructions are loaded
into RAM from the hard disk. The paint
program, along with the Web browser

i and certain operating system Instructions,
. are In RAM. The paint program window
appears on the screen.

windows

paint program :
instructions

Step 4

When you quit a program, such as the
Web browser, its program instructions are
removed from RAM. The Web browser no
ionger is displayed on the screen.

Web ;

! ven . - Web

_ browser _ browser

4 program window no
Y instructions - fonger is

- are removed. displayed

1 on desktop

from RAM

Figure 4-12 This figure shows how program instructions transfer in and out of RAM.

e

Web browser windov;

LY

and paint program

Chapter 4
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"Three basic types of RAM chips exist: dynamic RAM, static RAM, and magnetoresistive RAM.
* Dynamic RAM (DRAM pronounced DEE-ram) chips must be re-energized constantly or they lose
their contents. Many variations of DRAM chips exist,

most of which are faster than the basic DRAM.

* Static RAM (SRAM pronounced ESS-ram) chips
are faster and more reliable than any variation
of DRAM chips. These chips do not have to be
re-energized as often as DRAM chips, thus, the

term static.

* A newer type of RAM, called magnetoresistive
RAM (MRAM pronounced EM-ram), stores data
using magnetic charges instead of electrical charges.
Manufacturers claim that MRAM has greater storage
capacity, consumes less power, and has faster access
times than electronic RAM.

RAM chips usually reside on a memory module, which

dual inline
memary module

‘{bRAM

For more information, visit
scsite.com/dcf2011/cha/
weblink and then dick RAM.

is a small circuit board. Memory slots on the mother-
board hold memory modules (Figure 4-13). To learn more
about how to purchase RAM for a computer, complete the
Learn How To 1 activity on pages 184 and 185.

Figure 4-13 This photo shows a memory
module being inserted in a motherboard.

RAM Configurations The amount of RAM necessary in a computer often depends on the types
of software you plan to use. A computer executes programs that are in RAM. The more RAM a
computer has, the faster the computer will respond.

Can | add more RAM to my computer?

Check your computer documentation to see how
much RAM you can add. RAM modules are relatively
inexpensive and usually include easy-to-follow instal-
lation instructions. Be sure to purchase RAM that is
compatible with your brand and model of computer.

Retail software typically indicates the minimum amount of RAM it
requires. If you want the software to perform optimally, usually you
need more than the minimum specifications for the software.

Generally, home users running the latest version of Windows and

& For more information, visit scsite.com/dcf2011/

chd/faq and then click Upgrading RAM.

ETHICS & ISSUES 4-1

using basic application software such as word processing should have

at least 1 GB of RAM. Most business users who work with accounting,
financial, or spreadsheet programs, and programs requiring multimedia
capabilities should have 2 to 8 GB of RAM. Users creating professional
Web sites or using graphics-intensive applications will want 8 GB or more

of RAM. The amount of RAM in computers purchased today ranges from
1 GB to 128 GB. Read Ethics & Issues 4-1 for a related discussion.

How Much Technology Should Be Provided to Students and Teachers?

Around the country and around the
world, local and national governments
have begun to supply schoolchildren with
inexpensive notebook computers, includ-
ing netbooks. Many school districts in the
United States purchase notebook comput-
ers for each student and hope to recoup
some of the cost by purchasing lower-cost
CD-based textbooks. The United Nations
endorses a plan known as One Laptop per
Child to supply $100 notebook computers
to developing countries, some of which
already pledged to purchase millions of
the devices for schoolchildren. The device,
which recharges with a hand crank, includes

Wi-Fi networking and a simple, intuitive
user interface.

Supporters of these plans maintain that
computer literacy and electronic communi-
cations are vital skills in today's world, and
students should be introduced to computers
as early in their school years as possible.
Others claim that when students use note-
book computers, instructors tend to lecture
less, requiring students to engage in more
research and independent study. Many
people oppose plans to equip every student
with a computer because they say that the
technology detracts from traditional educa-
tional subjects, such as basic reading and

math, Some believe that the best approach
is to maintain dedicated computer lab
rooms rather than allow computers in the
classroom. Computers require maintenance,
support, and instructional time to teach
students how to use the devices. Young
children may lack the responsibility to care
for and use the computers properly.

Should schools supply computers to all
students or teachers or both? Why or why
not? What is the appropriate grade level
at which to require computer literacy?
Why? Should computers be relegated to a
dedicated lab room? Why or why not?
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Most of today’s computers improve processing times with cache (pronounced cash). Two types of cache
are memory cache and disk cache. This chapter discusses memory cache.

Memory cache helps speed the processes of the computer because it stores frequently used instructions
and data. Most personal computers today have at least two types of memory cache: L1 cache and L2 cache.
¢ L1 cache is built directly in the processor chip. L1 cache usually has a very small capacity, ranging

from 8 KB to 128 KB.

* L2 cache is slightly slower than L1 cache but has a much larger capacity, ranging from 64 KB to 16 MB.
Current processors include advanced transfer cache, a type of L2 cache built directly on the processor
chip. Processors that use advanced transfer cache perform at much faster rates than those that do not use it.
Personal computers today typically have from 512 KB to 12 MB of advanced transfer cache.

Cache speeds up processing time because it stores frequently used instructions and data. When the
processor needs an instruction or data, it searches memory in this order: L1 cache, then L2 cache, then
RAM — with a greater delay in processing for each level of memory it must search. If the instruction or data

@ ROM

For more information,
visit scsite.comi/dcf2011/
chd/weblink and then

is not found in memory, then it must search a slower speed storage medium such as a hard disk or optical disc. ~ click ROM.

ROM

Read-only memory (ROM pronounced rahm) refers to
memory chips storing permanent data and instructions. The data
on most ROM chips cannot be modified — hence, the name read-
only. ROM is nonvolatile, which means its contents are not lost
when power is removed from the computer.

Manufacturers of ROM chips often record data, instructions, or
information on the chips when they manufacture the chips. These
ROM chips, called firmware, contain permanently written data,
instructions, or information.

Flash Memory

Flash memory is a type of nonvolatile memory that can be
erased electronically and rewritten. Most computers use flash
memory to hold their startup instructions because it allows the
computer easily to update its contents. For example, when the
computer changes from standard time to daylight savings time,
the contents of a flash memory chip (and the real-time clock chip)
change to reflect the new time.

Flash memory chips also store data and programs on many
mobile computers and devices, such as smart phones, portable media
players, PDAs, printers, digital cameras, automotive devices, digi-
tal voice recorders, and pagers. Some portable media players store
music on flash memory chips (Figure 4-14). Others store music on
tiny hard disks or flash memory cards. Flash memory cards contain
flash memory on a removable device instead of a chip.

How much music can | store on a portable

media player? .

Portable media players that store music on flash memory chips can
hold up to 16,000 songs. Portable media players with tiny hard disks

have a much greater storage capacity — from 1,000 to more than
80,000 songs.

{) For more information, visit scsite.com/dcf2011/ch4/fag and then
click Portable Media Players.

How a Portable Media Player Might
Store Music in Flash Memory

Step 2 N

Instruct the computer to

copy the music tracks

to a flash memory chip  #

in the portable media [
Step 1 player. iR
Purchase and =
download music flash /
tracks from a Web me::ory
site. With one end chp portable media
of a speciai cable USB port player

connected to a USB

port on the system unit,
connect the other end to
the USB port in the
portable media
player.

Step 3 <G’

Plug the earbuds in
the portable media
player, push a button
on the portable media
player, and listen to
the music through
the earbuds.

from the
computer

USB port

Figure 4-14 This figure shows how a portable media player
might store music in flash memory.
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Chapter 4

e

The Components of the System Uit

CMOS

Some RAM chips, flash memory chips, and other types of memory chips use complementary
metal-oxide semiconductor (CMOS pronounced SEE-moss) technology because it provides high
speeds and consumes little power. CMOS technology uses battery power'to retain information even
when the power to the computer is off. Battery-backed CMOS memory chips, for example, can keep
the calendar, date, and time current even when the computer is off. The flash memory chips that
store a computer’ startup information often use CMOS technology.

Memory Access Times
Access time is the amount of time it takes the processor to read data, instructions, and information
from memory. A computer’ access time directly affects how fast the computer processes data. Accessing
data in memory can be more than

200,000 times faster than access- Access Time Terminology

ing data on a hard disk because & TR o

of the mechanical motion of : _ Abbreviation® Speed

the hard disk. Millisecond ms One-thousandth of a second
Today’s manufacturers use a Microsecond ps One-millionth of a second

variety of terminology to state Nanosecond ns One-billionth of a second

access times (Figure 4-15). Picosecond ps One-trillionth of a second

Some use fractions of a second, .

which for memory occurs in Figure 4-15 Access times are measured in fractions of a

second. This table lists the terms used to define access times.
nanoseconds. A nanosecond

(abbreviated ns) is one billionth
of a second. A nanosecond is 10 million operations = 1 blink
extremely fast (Figure 4-16). o5 TR, -
Other manufacturers state access ’ :
times in MHz; for example, 800
MHz RAM.

While access times of memory
greatly affect overall computer
performance, manufacturers and

retailers usually list a computer’s _ _
memory in terms of its size, not Figure 4-16 it takes about one-tenth of a second to blink your

eye, which is the equivalent of 100 million nanoseconds. In the
time it takes to blink your eye, a computer can perform some
operations 10 million times.

QUIZ YOURSELF 4-2

Instructions: Find the true statement below. Then, rewrite the remaining false statements so that they
are true.

1. A computer's memory access time directly affects how fast the computer processes data.
2. A gigabyte (GB) equals approximately 1 trillion bytes.

3. Memory cache helps speed the processes of the computer because it stores seldom used instructions
and data.

4. Most computers are analog, which means they recognize only two discrete states: on and off,
5. Most RAM retains its contents when the power is removed from the computer.
6. Read-only memory (ROM) refers to memory chips storing temporary data and instructions.

e Ter

its access time.

& Quiz Yourself Online: To further check your knowledge of pages 162 through 168, visit scsite.com/
dcf2011/cha/quiz and then click Objectives 3 - 4.




151




