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 At one time, floppy disks were the only way to 

distribute software and the only way to share files 

between personal computers. These disks were 

everywhere, and they were essential, but they 

were also extremely fragile. Today’s compact 

discs and USB flash drives are more reliable and 

hold more information than hundreds of floppy 

disks, and there are even more exciting advances 

yet to come. 

 Some experts predict that the future of 

secondary storage is holographic. Compact discs 

use two dimensions to record data, but advances 

in optics now make it possible to record data in 

three dimensions. This holographic data storage 

could make it possible to inexpensively store 

hundreds of today’s DVDs on one disc. Imagine a 

single disk that can hold hundreds of movies and 

thousands of songs. 

   Secondary Storage 

   Competencies 

 After you have read this chapter, you should be able to: 

   1   Distinguish between primary and secondary storage.  

   2   Discuss the important characteristics of secondary storage including media, capacity, storage 
devices, and access speed.  

   3   Describe hard disk platters, tracks, sectors, and head crashes.  

   4   Compare internal and external hard drives.  

   5   Discuss performance enhancements including disk caching, RAIDs, file compression, and file 
decompression.  

   6   Define optical storage including compact, digital versatile, and high-definition discs.  

   7   Define solid-state storage including solid-state drives, flash memory, and USB drives.  

  8 Define cloud storage and cloud storage services.

 9 Discuss mass storage devices, enterprise storage systems, and storage area networks.
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  Introduction 
  Secondary storage devices are used to save, to back up, and 
even to transport files consisting of data or programs from 
one location or computer to another. At one time, almost 
all files contained only numbers and letters. The demands 
for saving these files were easily met with low-capacity 
storage devices. 

 Data storage has expanded from text and numeric files 
to include digital music files, photographic files, video files, 
and much more. These new types of files require secondary 
storage devices that have much greater capacity. 

 Secondary storage devices have always been an indispens-
able element in any computer system. They have similarities 
to output and input devices. Like output devices, secondary 
storage devices receive information from the system unit 
in the form of the machine language of 0s and 1s. Rather 
than translating the information, however, secondary stor-

age devices save the information in machine language for later use. Like input 
devices, secondary storage devices send information to the system unit for pro-
cessing. However, the information, since it is already in machine form, does 
not need to be translated. It is sent directly to memory (RAM), where it can be 
accessed and processed by the CPU. 

 Competent end users need to be aware of the different types of second-
ary storage. They need to know the capabilities, limitations, and uses of hard 
disks, solid-state drives, optical discs, and other types of secondary storage. 
Additionally, they need to be aware of specialty storage devices for portable 
computers and to be knowledgeable about how large organizations manage 
their extensive data resources. 

          Storage 
   A n essential feature of every computer is the ability to save, or store, informa-
tion. As discussed in Chapter 6, random-access memory (RAM) holds or stores 
data and programs that the CPU is presently processing. Before data can be 
processed or a program can be run, it must be in RAM. For this reason, RAM 
is sometimes referred to as    primary storage.    

 Unfortunately, most RAM provides only temporary or volatile storage. That 
is, it loses all of its contents as soon as the computer is turned off. Its con-
tents also are lost if there is a power failure that disrupts the electric current 
going into the system unit. This volatility results in a need for more permanent 
or nonvolatile storage for data and programs. We also need external storage 
because users need much more storage capacity than is typically available in a 
computer’s primary or RAM memory. 

    Secondary storage    provides permanent or nonvolatile storage. Using 
   secondary storage devices    such as a hard disk drive, data and programs can 
be retained after the computer has been shut off. This is accomplished by 
 writing  files to and  reading  files from secondary storage devices. Writing is the 
process of saving information  to  the secondary storage device. Reading is the 
process of accessing information  from  secondary storage. This chapter focuses 
on secondary storage devices. 

Hi, I’m James, and I’m a software 

engineer. I’d like to talk with you 

about secondary storage, one 

of the most critical parts of any 

computer system.
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 Some important characteristics of secondary storage include

    •    Media    are the actual physical material that holds the data 
and programs. (See  Figure 8-1 .)  

   •    Capacity    measures how much a particular storage medium 
can hold.  

   •    Storage devices    are hardware that reads data and programs 
from storage media. Most also write to storage media.  

   •    Access speed    measures the amount of time required by the 
storage device to retrieve data and programs.    

 Most desktop microcomputer systems have hard and optical 
disk drives, as well as ports where additional storage devices can 
be connected.   

  Hard Disks 
   H ard disks save files by altering the magnetic charges of the 
disk’s surface to represent 1s and 0s. Hard disks retrieve data 
and programs by reading these charges from the magnetic disk. 
Characters are represented by positive ( + ) and negative ( − ) 
charges using the ASCII, EBCDIC, or Unicode binary codes. For 
example, the letter A would require a series of 8 charges. (See 
 Figure 8-2 .)    Density    refers to how tightly these charges can be packed next to 
one another on the disk. 

    Hard disks    use rigid metallic    platters    that are stacked one on top of ano-
ther. Hard disks store and organize files using tracks, sectors, and cylinders. 
   Tracks    are rings of concentric circles without visible grooves. Each track is 
divided into invisible wedge-shaped sections called    sectors.    (See  Figure 8-3 .) 
A    cylinder    runs through each track of a stack of platters. Cylinders are neces-
sary to differentiate files stored on the same track and sector of different plat-
ters. When a hard disk is formatted, tracks, sectors, and cylinders are assigned. 

 Hard disks are sensitive instruments. Their read/write heads ride on a cush-
ion of air about 0.000001 inch thick. It is so thin that a smoke particle, finger-
print, dust, or human hair could cause what is known as a head crash. (See 
 Figure 8-4 .) 

Figure 8-2 How charges on a disk surface store the letter A
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Figure 8-3 Tracks and sectors

Figure 8-1 Secondary storage media
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 A    head crash    occurs when a read/write 
head makes contact with the hard disk’s sur-
face or with particles on its surface. A head 
crash is a disaster for a hard disk. The disk sur-
face is scratched and some or all of the data is 
destroyed. At one time, head crashes were com-
monplace. Now, fortunately, they are rare. 

 There are two basic types of hard disks: 
internal and external.  

   Internal Hard Disk 

 An    internal hard disk    is located inside the 
system unit. These hard disks are able to store 
and retrieve large quantities of information 
quickly. They are used to store programs and 
data files. For example, nearly every micro-
computer uses its internal hard disk to store 
its operating system and major applications 
such as Word and Excel. 

 To see how a hard disk works, visit our Web 
site at  www.computing-2012.com  and enter the keyword    disk.    

 To ensure adequate performance of your internal hard disk and the safety 
of your data, you should perform routine maintenance and periodically make 
backup copies of all important files. For hard-disk maintenance and backup 
procedures, refer to Chapter 5’s coverage of the Windows utilities Backup and 
Restore, Disk Cleanup, and Disk Defragmenter.  

  External Hard Drives 

 While internal hard disks provide fast access, they have a fixed amount of 
storage and cannot be easily removed from the system cabinet. External hard 
disks typically connect to a USB or FireWire port on the system unit, are eas-
ily removed, and effectively provide an unlimited amount of storage. (See 
 Figure 8-5 .) 

Figure 8-5 External hard drive

Human hair

Dust
particle

Fingerprint

Smoke
particle

Disk head

Figure 8-4 Materials that can cause a head crash

Does your internal hard disk run a lot and seem 

slow? The problem could be with fragmented 

files—files that when saved were broken into 

pieces (fragments) and stored in different loca-

tions on your hard disk, which take longer for the hard disk 

to access. Defragging rearranges the file parts so they are 

stored in adjacent locations. To clean up the disk and speed 

up access times, consider defragmenting. If you are using 

Windows Vista:

● 1 Start Disk Defragmenter. Type defrag into the Start menu 

search box and press Enter to open the Disk Defragmenter 

utility. Click Defragment now to begin defragmenting your disk.

● 2 Keep working. You can continue running other applications 

while your disk is being defragmented. Unfortunately, your 

computer operates more slowly, and Disk Defragmenter takes 

longer to finish.

● 3 Automate. Windows 7 will defragment your disk for you 

automatically. Click Configure schedule in the Disk Defragmenter 

utility to set this to a time that is convenient for you.

 To see additional tips, visit our Web site at 

www.computing-2012.com and enter the keyword tips.

tips
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    External hard drives    use the same basic technology as 
internal hard disks and are used primarily to complement 
an internal hard disk. Because they are easily removed, 
they are particularly useful to protect or secure sensitive 
information. Other uses for external drives include back-
ing up the contents of the internal hard disk and providing 
additional hard-disk capacity. 

   Performance Enhancements 

 Three ways to improve the performance of hard disks are 
disk caching, redundant arrays of inexpensive disks, and 
file compression/decompression. 

    Disk caching    improves hard-disk performance by antic-
ipating data needs. It performs a function similar to cache 
memory discussed in Chapter 6. While cache memory 
improves processing by acting as a temporary high-speed 
holding area between memory and the CPU, disk caching 
improves processing by acting as a temporary high-speed 
holding area between a secondary storage device and the 
CPU. Disk caching requires a combination of hardware 
and software. During idle processing time, frequently used 
data is read from the hard disk into memory (cache). When needed, the data 
is then accessed directly from memory. The transfer rate from memory is 
much faster than from the hard disk. As a result, overall system performance 
is often increased by as much as 30 percent. 

  Redundant arrays of inexpensive disks (RAID)  improve performance by 
expanding external storage, improving access speed, and providing reliable 
storage. Several inexpensive hard-disk drives are connected to one another. 
These connections can be by a network or within specialized RAID devices. 
(See  Figure  8-6 .) The connected hard-disk drives are related or grouped 
together, and the computer system interacts with the RAID system as though 
it were a single large-capacity hard-disk drive. The result is expanded storage 
capability, fast access speed, and high reliability. For these reasons, RAID is 
often used by Internet servers and large organizations. 

    File compression    and    file decompression    increase storage capacity by 
reducing the amount of space required to store data and programs. File 
compression is not limited to hard-disk systems. It is frequently used to 
compress files on DVDs, CDs, and flash drives as well. File compression 
also helps to speed up transmission of files from one computer system to 
another. Sending and receiving compressed files across the Internet is a 
common activity. 

 File compression programs scan files for ways to reduce the amount of 
required storage. One way is to search for repeating patterns. The repeat-
ing patterns are replaced with a token, leaving enough tokens so that the 
original can be rebuilt or decompressed. These 
programs often shrink files to a quarter of their 
original size. To learn more about file compres-
sion, visit our Web site at  www.computing-2012.
com  and enter the keyword    compression.    

 You can compress and decompress files using 
specialized utilities such as WinZip. Or, if a 
specialized utility is not available, you can use 
utility programs in Windows. For a summary 
of performance enhancement techniques, see 
 Figure 8-7 . 

Explorations

A computer can be a library, a 
jukebox, even a home entertainment 
system, but to do any of these tasks 
requires large amounts of hard-disk 
space. 

To learn more about the leaders in high-

capacity hard disks, visit our Web site at 

www.computing-2012.com and enter the 

keyword capacity.

Figure 8-7 Performance enhancement techniques

Technique Description

Disk caching Uses cache and anticipates data needs

RAID Linked, inexpensive hard-disk drives

File compression Reduces file size

File decompression Expands compressed files

Figure 8-6 RAID storage device
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           Optical Discs 
   T oday’s    optical discs    can hold over 100 gigabytes of data. (See  Figure 8-8 .) 
That is the equivalent of millions of typewritten pages or a medium-sized 
library all on a single disc. Optical discs are having a great impact on storage 
today, but we are probably only beginning to see their effects. 

 In optical-disc technology, a laser beam alters the surface of a plastic or 
metallic disc to represent data. Unlike hard disks, which use magnetic charges 
to represent 1s and 0s, optical discs use reflected light. The 1s and 0s are repre-
sented by flat areas called    lands    and bumpy areas called    pits    on the disc sur-
face. The disc is read by an    optical disc drive    using a laser that projects a tiny 
beam of light on these areas. The amount of reflected light determines whether 
the area represents a 1 or a 0. To see how an optical disc drive works, visit our 
Web site at  www.computing-2012.com  and enter the keyword    optical.    

 Like hard disks, optical discs use tracks and sectors to organize and store 
files. Unlike the concentric tracks and wedge-shaped sectors used for hard 
disks, however, optical discs typically use a single track that spirals toward the 
center of the disc. This single track is divided into equally sized sectors.  

   Compact Disc 

    Compact disc,    or as it is better known,    CD,    is one of the most widely used 
optical formats. CD drives are standard on many microcomputer systems. 
Typically, CD drives can store from 650 MB (megabytes) to 1 GB (gigabyte) of 
data on one side of a CD. 

 There are three basic types of CDs: read only, write once, and rewritable:

    •   Read only—    CD-ROM,    which stands for    compact disc–read-only memory,    
is similar to a commercial music CD.  Read only  means it cannot be written 
on or erased by the user. Thus, you as a user have access only to the data 

imprinted by the publisher. CD-ROMs are used to dis-
tribute large databases and references. They also are 
used to distribute large software application packages.  
   •   Write once—    CD-R,    which stands for    CD-

recordable,    can be written to once. After that they 
can be read many times without deterioration 
but cannot be written on or erased. CD-R drives 
often are used to archive data and to record music 
downloaded from the Internet.  

   •   Rewriteable—    CD-RW    stands for    compact disc 
rewritable.    Also known as    erasable optical discs,    
these discs are very similar to CD-Rs except that 
the disc surface is not permanently altered when 
data is recorded. Because they can be changed, 
CD-RWs are often used to create and edit multime-
dia presentations.    

CONCEPT CHECK

Discuss four important characteristics of secondary storage.

What are the two types of hard disks? Briefly describe each.

What is density? What are tracks, sectors, cylinders, and head crashes?

List and describe three ways to improve the performance of hard disks.

Figure 8-8 Optical disc

Almost all music and videos are 

protected by copyright laws that 

prohibit unauthorized copying or 

use. Yet, creating copies of music 

on a CD and of movies on a DVD 

is a popular Internet activity. There 

are numerous Web sites that will 

provide access to individuals willing 

to share their music and/or videos 

with others. While some of the 

sites offer access to music and 

videos legally, many of the sites are 

violating copyright law. Some argue 

that as long as the providers are not 

selling or some other way receiving 

payment for providing access to 

the music or videos, they do not 

have any ethical or legal obligations. 

Others respond that even if those 

providing access to the materials do 

not receive payment, the recording 

artists and studios still suffer a 

loss in sales. They contend that 

anyone who provides unauthorized 

access to music or videos is 

violating copyright law and should 

be prosecuted. What do you think? 

Is it ethical for music and movie 

producers to withhold permission 

to copy their work? Is it ethical for 

individuals to copy unauthorized 

music and videos? For additional 

discussion of this issue, see CD-R 

AND MUSIC FILES on page 246.

ethics
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   Digital Versatile Disc 

    DVD    stands for    digital versatile disc  or  digital video 
disc.    This is a newer format that has replaced CDs as 
the standard optical disc. DVDs are very similar to CDs 
except that more data can be packed into the same 
amount of space. (See  Figure 8-9 .) DVD discs can store 
4.7 GB to 17 GB on a single DVD disc—17 times the 
capacity of CDs. There are three basic types of DVDs, 
similar to CDs: read only, write once, and rewriteable. 

    •  Read only—    DVD-ROM    stands for    digital versa-
tile disc–read-only memory.    DVD-ROM drives are 
also known as    DVD players.    DVD-ROMs are hav-
ing a major impact on the video market. While CD-ROMs are effective for 
distributing music, they can only contain just over an hour of fair-quality 
video. DVD-ROMs can provide over two hours of high-quality video and 
sound comparable to that found in motion picture theaters. The motion 
picture industry has rapidly shifted video distribution from video cassettes 
to DVD-ROMs.  

   •  Write once—DVD  +  R  and    DVD  −  R    are two competing write-once for-
mats. Both stand for    DVD recordable.    Each has a slightly different way 
in which it formats its discs. Fortunately, most new DVD players can use 
either format. These drives are typically used to create permanent archives 
for large amounts of data and to record videos. DVD recordable drives are 
rapidly replacing CD-R drives due to their massive capacity.  

   •  Rewriteable—DVD  +  RW,     DVD  −  RW,    and  DVD-RAM  are the three most 
widely used formats. DVD + RW and DVD − RW stand for    DVD rewrite-
able.       DVD-RAM    stands for    DVD random-access memory.    Each format 
has a unique way of storing data. Unfortunately, older DVD players typi-
cally can read only one type of format. Newer DVD players, however, are 
able to read and use any of the formats. Rewriteable DVD disc drives have 
rapidly replaced CD rewriteable drives. Applications range from record-
ing video from camcorders to developing multimedia presentations that 
include extensive graphics and video.    

  Blu-ray Disc 

 While CDs and DVDs are the most widely used optical discs today, the future 
belongs to discs of even greater capacity. While DVD discs have sufficient 
capacity to record standard-definition movies and music, they are insuffi-
cient for recording high-definition video, which requires about four times as 
much storage. This next genera-
tion of optical disc is called    hi def 
(high definition),    with a far greater 
capacity than DVDs. The hi def 
standard is    Blu-ray Disc (BD).    The 
name comes from the blue-colored 
laser that is used to read the disc. 

 Blu-ray Discs have a capacity of 
25 to 100 gigabytes, more than 20 
times the capacity of a standard 
single-layer DVD. Although Blu-ray 
media are the same size as other 
optical media, the discs require spe-
cial drives. Most of these drives are 
capable of reading standard DVDs 
and CDs in addition to Blu-ray. 

Figure 8-9 DVD disc drive

Are you concerned about damaging your optical discs? Actually, they 

are quite durable, and taking care of them boils down to just a few basic 

rules.

● 1 Don’t stack. Don’t stack or bend discs.

● 2 Don’t touch. Don’t touch the recording surfaces. Hold only by their edges.

● 3 Don’t remove. Never attempt to remove a disc when it is rotating and in use.

● 4 Avoid extreme conditions. Keep discs from extreme heat and direct sunlight.

● 5 Use storage boxes. Store discs in plastic storage boxes.

 Of course, the best protection is to make a backup or duplicate copy of your disc. 

 To see additional tips, visit our Web site at www.computing-2012.com and enter the 

keyword tips.

tips
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FLASH CAMCORDERS, YouTube, AND MySpace
Would you like to make short videos to share with family and friends? Traditional camcorders can be expensive, and often require 

a special connection to transfer video to your computer. Recently, flash memory–based camcorders have made creating digital 

video simpler and more affordable, and connect to your computer as easily as other flash memory secondary storage devices.

Capture To capture video using a Pure Digital Flip camcorder:

 1 • Press the record button to record what you see on 

the view screen.

• Press the record button again to stop recording.

Connect Connecting the camcorder to your computer is as simple as connecting other secondary storage devices such as 

USB flash drives:

 1 • Slide the switch on the side of the camcorder to extend the built-in 

USB connector.

• Plug the camcorder directly into a USB port on your computer.

Slide to extend
USB connector

USB connector

View screen

Record button

Making IT work for you
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Share The FlipShare software included with the camcorder allows you to save your video to your computer, e-mail videos to 

friends, or upload videos directly to Internet sites such as YouTube and MySpace.

The Web is continuously changing, and some of the specifics presented in this Making IT Work for You may have changed.

To learn about other ways to make information technology work for you, visit our Web site at www.computing-2012.com and enter the 

keyword miw.
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 Like CDs and DVDs, Blu-ray has three basic types: read only, write once, 
and rewriteable. As with any optical disc, a device with recording capabilities 
is required for writing data. 

 For a summary of the different types of optical discs, see  Figure 8-10 . 

Figure 8-10 Types of optical discs

Format Typical Capacity Description

CD 650 MB to 1 GB Once the standard optical disc

DVD 4.7 GB to 17 GB Current standard

Blu-ray 25 GB to 10 GB Hi-def format, large capacity

CONCEPT CHECK

How is data represented on optical discs?

Compare CD and DVD formats. Why did DVDs replace CDs?

What is hi def? What is Blu-ray? Compare Blu-ray to standard DVD.

 Solid-State Storage 
   U nlike hard disks, which rotate and have read/write heads that move in and 
out,    solid-state storage    devices have no moving parts. Data and information 
are stored and retrieved electronically directly from these devices much as 
they would be from conventional computer memory. 

   Solid-State Drives 

    Solid-state drives (SSDs)    are designed to be connected inside a microcom-
puter system the same way an internal hard disk would be but contain solid-
state memory instead of magnetic disks to store data. (See  Figure  8-11 .) 
SSDs are faster and more durable than hard disks. SSDs also require less 

power, which can lead to increased battery life for lap-
tops and mobile devices. SSDs are more expensive and 
generally have a lower capacity than hard disks, but 
this is changing as the popularity of SSDs continues to 
increase. 

   Flash Memory 

    Flash memory cards    are small solid-state storage devices 
widely used in portable devices such as mobile phones and 
GPS navigation systems. (See  Figure 8-12 .) Flash memory 
also is used in a variety of specialized input devices to cap-
ture and transfer data to desktop computers. 

For example, flash memory is used to store images cap-
tured from digital cameras and then to transfer the images 
to desktop and other computers. Flash memory is used in 
digital media players like the iPod to store and play music 
and video files. To learn more about digital video players, 
see Making IT Work for You: iPods and Video from the 
Internet on page 32. Figure 8-11 Solid-state drive
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  USB Drives 

    USB drives,    or    flash drives,    are so compact that they can be transported on 
a key ring. (See  Figure 8-13 .) These drives conveniently connect directly to a 
computer’s USB port to transfer files and can have capacities ranging from 1 GB 
to 256 GB, with a broad price range to match. Due to their convenient size and 
large capacities, USB drives have become a very popular option for transporting 
data and information between computers, specialty devices, and the Internet. 
To learn more about using flash drives to transport data, see Making IT Work 
for You: Flash Camcorders, YouTube, and MySpace on pages 232 and 233. 

Figure 8-12 Flash memory card
Figure 8-13 USB drive

CONCEPT CHECK

What is solid-state storage?

Compare solid-state technology to that used in hard disks.

What are SSDs? What is flash memory? What are USB drives?

     Cloud Storage 
Recently, many applications that would have required installation on your 
computer to run have moved to the Web. Numerous Web sites now exist to 
provide application services. As we have discussed, this is known as cloud 
computing, where the Internet acts as a “cloud” of servers that supply appli-
cations as a service rather than a product. Additionally, these servers provide 
cloud storage, also known as online storage.

If you have used Google Apps to create a word processing document or a 
spreadsheet, used Mint.com to manage your financial information, or stored 

Did you know that hard disk 

storage requires more energy 

than solid state storage? Unlike 

solid state storage which has 

no moving parts, hard disks 

have to be rotating in order 

to save or to retrieve data. 

Almost all large data centers 

have thousands of hard drives 

running 24 hours a day, 7 days 

a week, 365 days a year. This 

means that hard drives are 

tremendous energy consumers. 

Solid state storage requires 

only a fraction of the energy 

requirements to provide com-

parable storage capacity and 

access. For this reason, many 

data centers are switching from 

traditional hard disk to solid 

state storage. To see more envi-

ronmental facts, visit our Web 

site at www.computing-2012

.com.

environment
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CLOUD STORAGE
Do you ever need to share large files with others? Perhaps you have found many video and other types of files can be too large 

to effectively send as an e-mail attachment. You could distribute large files on a CD or DVD, or by using an FTP site. A simpler 

alternative is to use a storage cloud service. Using a storage cloud service makes it easy to upload and share files with anyone 

quickly.

Create a Custom Address The first step is to choose a custom URL where your files will be located and upload your files to that 

address. To do this using the drop.io file-sharing service:

1 • Visit http://drop.io

• Create a custom address by typing a word in the blank. For example, typing the word mitwork4u will create the 

address http://drop.io/mitwork4u for your files.

• Click the Select Files button to select files to share.

• Optionally, choose a password to protect access to your files.

• Click the Create a Drop button to upload your selected files.

Select Files button

Optional password

Custom address

Making IT work for you
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Updating Your Files You can visit 

your custom address at any time 

from a Web browser to add, delete, 

or update files. For example, to 

add additional files to your custom 

address:

 1 • Visit your custom 

address in any Web 

browser (http://drop.io/

your-address)

  • Click the Files link.

  • Click the Select Files 

button to select additional 

files to share.

Sharing Your Address Once your files 

are uploaded, you can share your 

custom address with anyone you 

want to have access to your files, just 

as you would share any other link. For 

example, you might choose to send 

your address to others using e-mail. Custom address
inserted in e–mail

Select Files button

Shared Files

Custom address

File sharing services are continually changing and some of the specifics presented in this Making IT Work for You may have 

changed. 

To learn about other ways to make information technology work for you, visit our Web site at www.computing-2012.com and enter the 

keyword MIW.
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data using Amazon S3, you have already 
used cloud computing. (See Figure 
8-14.) The processing power of the ser-
vice provider’s server is used to run the 
applications and your local computer 
is responsible only for displaying the 
results. The applications and data can be 
accessed from any Internet-ready device. 
This means that even devices with little 
storage, memory, or processing power, 
such as mobile phones, can run the 
same powerful applications as a desktop 
computer.

The benefits to this arrangement are 
numerous. Imagine how much easier it 
would be to install or upgrade software in 

a large company. In the past, a software technician would need 
to visit every computer the company owned to install the soft-
ware from disk and manage licensing for the number of com-
puters the software was purchased for. With software delivered 
from the cloud as a service, the company can simply purchase 
the appropriate number of accounts from the service provider 
and direct employees to use the provider’s Web site.

There are numerous Web sites that provide cloud storage ser-
vices. (See Figure 8-15.) To learn more about how you could use 
cloud storage, see Making IT Work for You: Cloud Storage on 
pages 232 and 233. 

Figure 8-14 Google Apps

Focus Company Location

Individual Dropbox www.dropbox.com

Individual drop.io www.dropio.com

Individual iBackup www.ibackup.com

Business Amerivault www.amerivault.com

Business Box.net www.box.net

Business Mozy www.mozy.com

Figure 8-15 Cloud storage services

CONCEPT CHECK

What is cloud computing?

What is cloud storage?

What are the benefits of cloud storage?

      Mass Storage Devices 
   I t is natural to think of secondary storage media and devices as they relate to 
us as individuals. It may not be as obvious how important these matters are 
to organizations.    Mass storage    refers to the tremendous amount of secondary 
storage required by large organizations.    Mass storage devices    are special-
ized high-capacity secondary storage devices designed to meet organizational 
demands for data.  

   Enterprise Storage System 

 Most large organizations have established a strategy called an    enterprise 
storage system    to promote efficient and safe use of data across the networks 
within their organizations. (See  Figure 8-16 .) Some of the mass storage devices 
that support this strategy are

    •    File servers   —dedicated computers with very large storage capacities that 
provide users access to fast storage and retrieval of data.  
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   •    Network attached storage (NAS)   —similar to a file server except sim-
pler and less expensive; widely used for home and small business storage 
needs.  

   •    RAID systems   —larger versions of the specialized devices discussed earlier 
in this chapter that enhance organizational security by constantly making 
backup copies of files moving across the organization’s networks.  

   •    Tape library   —device that provides automatic access to data archived on a 
library of tapes.  

   •    Organizational cloud storage   —high-speed Internet connection to a 
dedicated remote organizational cloud storage server.    

   Storage Area Network 

 A recent mass storage development is    storage area network  ( SAN )   systems. 
SAN is an architecture to link remote computer storage devices, such as 
enterprise storage systems, to computers such that the devices are as avail-
able as locally attached drives. In a SAN system, the user’s computer pro-
vides the file system for storing data, but the SAN provides the disk space 
for data. 

Figure 8-16 Enterprise storage system

File server

RAID system

Tape library

Network attached
storageOrganizational cloud storage

Organizational network
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 The key to a SAN is a high-speed network, connecting individual computers 
to mass storage devices. Special file systems prevent simultaneous users from 
interfering with each other. SANs provide the ability to house data in remote 
locations and still allow efficient and secure access. 

     Careers in IT 
     Software engineers    analyze users’ needs and create applica-
tion software. Software engineers typically have experience 
in programming but focus on the design and development of 
programs using the principles of mathematics and engineer-
ing. They rarely write code themselves. 

 A bachelor’s degree in computer science or information 
systems and an extensive knowledge of computers and tech-
nology are required by most employers. Internships may pro-
vide students with the kinds of experience employers look for 
in a software engineer. Those with specific experience with 
networking, the Internet, and Web applications may have an 
advantage over other applicants. Employers typically look for 
software engineers with good communication and analytical 
skills. 

 Software engineers can expect to earn an annual salary in 
the range of $63,000 to $98,500. Advancement opportunities 
are usually tied to experience. Experienced software engineers 
may be promoted to project manager or have opportunities in 
systems design. To learn about other careers in information 
technology, visit us at  www.computing-2012.com  and enter 
the keyword    careers.    

Now that you’ve learned about 
secondary storage, let me tell you 
a little bit about my career as a 
software engineer.

CONCEPT CHECK

Define mass storage and list five mass storage devices.

What is an enterprise storage system?

What is a storage area network system?
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  A LOOK TO THE FUTURE 

  Your Entire Life Recorded on a Single Disk 

Imagine if you could store every conversation you ever had on 

a single disk. What if you could capture your entire life on video 

stored on just a few disks? 

What if you could hold in your 

pocket the contents of the 

Library of Congress? Innova-

tions in secondary storage 

capacity using molecular 

storage promise all of this and 

more.

Currently, information is 

stored on magnetic or opti-

cal disks. In the future, the 

electron state of atoms in a 

molecule will hold  information 

at a much greater density. 

Currently, experiments have 

yielded densities of 100 giga-

bytes per square inch. If suc-

cessfully brought to market, 

such a product would yield a 

terabyte on one disk, enough 

to hold every conversation 

a person has throughout his 

or her entire lifetime. Experi-

ments with three-dimensional 

storing (where information 

is stored in height as well as 

area) and optical holography (where information is stored by 

light photons on specially treated crystals) promise to yield even 

greater storage in smaller packages.

The capability to store vast amounts of data offers a future 

both tantalizing and problematic. Although having a video of 

your life would be a wonderful memory tool, how could you 

sort and use so much information? Imagine having to search 

through hours of video just to 

verify the time of a lunch date 

or to remember where you 

parked your car. Fortunately, 

computer scientists are devel-

oping computer programs 

that can rapidly sort through 

and understand audio and 

visual material. Great strides 

have been made in creating 

programs that can scan pho-

tos and videos searching for a 

particular person’s face. This 

technology is currently being 

used in airports to identify 

suspected terrorists. In the 

future, you may use this tech-

nology to search for photos 

of a loved one or video of the 

family vacation.

Is there a downside to 

recording every event in a 

person’s life? Could your per-

sonal video log be used to 

incriminate you in a court of 

law? Could someone else’s 

video log be an invasion of your right to privacy? The technol-

ogy will soon be here. Are you ready for it? Would you use it to 

record your every move?
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        VISUAL SUMMARY 

  STORAGE 

     RAM is  primary storage.  Most RAM is volatile, 
meaning that it loses its contents whenever power 
is disrupted.  Secondary storage  provides nonvol-
atile storage. Secondary storage retains data and 
information after the computer system is turned 
off. 

 Writing is the process of saving information to 
 secondary storage devices.  Reading is the process 
of accessing information from secondary storage 
devices. 

 Important characteristics of secondary storage 
include

    •  Media —actual physical material that retains 
data and programs.  

   •  Capacity —how much a particular storage 
medium can hold.  

   •  Storage devices —hardware that reads and 
writes to storage media.  

   •  Access speed —time required to retrieve data 
from a secondary storage device.     

  HARD DISKS 

      Hard disks  use rigid metallic  platters  that provide 
a large amount of capacity. They store data and 
programs by altering the electromagnetic charges 
on the platter’s surface. Files are organized accord-
ing to: 

   • Tracks—concentric rings without visible 
grooves.  

   • Sectors—wedge-shaped sections.  

 • Cylinders—run through each track of a stack of 
platters.
Density refers to how tightly electromagnetic 

charges can be packed next to one another on the 
disk.

 A  head crash  occurs when the hard disk makes 
contact with the drive’s read/write heads. 

 Two types of hard disks are internal and external 
hard disks. 

  Internal Hard Disk 
  Internal hard disks  are located within the system 
unit. Used to store programs and data files.  

  External Hard Drives 
 Unlike internal hard disks,  external hard drives  
are removable. External drives use the same basic 
technology as internal disks. 

 Secondary Storage 

Disk

Electromagnetic charges

Binary representation
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1
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2

1

2

0

2
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0
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  HARD DISKS 

      Performance Enhancements 
 Three ways to improve hard disk performance 
are disk caching, RAID, and file compression and 
decompression. 
    •  Disk caching —provides a temporary high- speed 

holding area between a secondary storage device 
and the CPU; improves performance by antici-
pating data needs and reducing time to access 
data from secondary storage.  

   •    RAID (redundant array of inexpensive 
disks)   —several inexpensive hard-disk drives 
are connected together; improves performance 
by providing expanded storage, fast access, and 
high reliability.  

   •  File compression  and  decompression —files 
compressed before storing and then decom-
pressed before being used again; improves per-
formance through efficient storage.     

      OPTICAL DISCS 

      Optical discs  use laser technology. 1s and 0s are 
represented by  pits  and  lands. Optical disc drives  
project light and measure the reflected light. 

  Compact Disc 
  Compact discs (CDs)  have typical capacity of 
650 MB to 1 GB. Three types are  CD-ROM (compact 
disc–read-only memory), CD-R  ( CD-recordable  
(CD-R drives are also known as CD burners)), and 
 CD-RW (compact disc rewritable, erasable opti-
cal discs).   

  Digital Versatile Disc 
  DVDs (digital versatile discs, digital video discs)  
have far greater capacity than CDs (4.7 GB to 
17 GB). Three types are  DVD-ROM (digital ver-
satile disc–read-only memory; DVD players  
are drives), write once  (DVD  +  R,  DVD  −  R),  and 
rewriteable  (DVD  +  RW, DVD  −  RW, DVD − RAM).   

  Blu-ray Disc 
  Hi-def (high-definition)  Blu-ray Discs are the next 
standard optical disc.  Blu-ray Discs (BDs)  have a 
capacity of 25 GB to 100 GB. Same size as other 
optical media, but much greater capacity and 
requires special drives. Three basic types: read 
only, write once, and rewriteable.  

        To be a competent end user, you need to be aware of the different types of secondary storage. You 
need to know their capabilities, limitations, and uses. There are three widely used storage media: hard 
disk, optical disc, and solid-state storage.  
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 SOLID-STATE STORAGE 

      Solid-state storage  devices have no moving parts 
and are more reliable and require less power than 
hard disks. 

  Solid-State Drives 
  Solid-state drives  are similar to internal hard disk 
drives except they use solid-state memory; are 
faster, more durable, and more expensive; and gen-
erally provide less capacity.  

  Flash Memory 
  Flash memory cards  are small solid-state storage 
devices that are widely used with notebook com-
puters. They are used with a variety of specialized 
input devices including digital cameras to store 
and transfer images and digital media players like 
the iPod to store and transfer music and video 
files.  

 USB Drives 
  USB drives (flash drives)  are so small that they fit 
onto a key ring. These drives connect to a comput-
er’s USB port and are widely used to transfer data 
and information between computers, specialty 
devices, and the Internet. 

   CLOUD STORAGE 

With cloud computing, the Internet acts as a 
“cloud” of servers that supply applications as a ser-
vice rather than a product. Cloud storage (online 
storage) is supplied by servers. 
    •  Examples include Google Apps for word pro-

cessing and spreadsheets, Mint.com for finan-
cial management, and Amazon S3 for storing 
data.   

   •  Cloud servers provide storage, processing, and 
memory.   

   •  With cloud computing software installation and 
upgrade are avoided.      

  MASS STORAGE 

  Mass storage  refers to the tremendous amount of 
secondary storage required by large organizations. 
 Mass storage devices  are specialized high-capacity 
secondary storage devices. 

 Most large organizations have established a 
strategy called an  enterprise storage system  to 
promote efficient and safe use of data across the 
networks within their organizations. 

 Mass storage devices that support this strategy 
are  file servers, network attached storage  ( NAS ), 
 RAID systems, tape libraries,  and  organizational 
cloud storage.  A  storage area network (SAN)  is 
a method of using enterprise-level remote storage 
systems as if they were local to your computer.  

  CAREERS IN IT 

  Software engineers  analyze users’ needs and cre-
ate application software. Bachelor’s degree in com-
puter science or information systems and extensive 
knowledge of computers and technology required. 
Salary range $63,000 to $98,500.   
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  KEY TERMS 
   access speed (223)  
  Blu-ray Disc (BD) (227)  
  capacity (223)  
  CD (compact disc) (226)  
  CD-R (CD-recordable) (226)  
  CD-ROM (compact disc–read-only

memory) (226)  
  CD-RW (compact disc 

rewriteable) (226)  
cloud computing (231)
cloud storage (231)
  cylinder (223)  
  density (223)  
  disk caching (225)  
  DVD (digital versatile disc or digital 

video disc) (227)  
  DVD player (227)  
  DVD − R (DVD recordable) (227)  
  DVD + R (DVD recordable) (227)  
  DVD-RAM (DVD random-access 

memory) (227)  
  DVD-ROM (DVD–read-only 

memory) (227)  
  DVD−  RW (DVD rewriteable) (227)  
  DVD + RW (DVD rewriteable) (227)  
  enterprise storage system (234)  
  erasable optical disc (226)  
  external hard drive (225)  
  file compression (225)  
  file decompression (225)  
  file server (234)  
  flash drive (231)  

  flash memory card (230)  
  hard disk (223)  
  head crash (224)  
  hi def (high definition) (227)  
  internal hard disk (224)  
  land (226)  
  mass storage (234)  
  mass storage devices (234)  
  media (223)  
  network attached storage (NAS) (235)  
  online storage (231)  
  optical disc (226)  
  optical disc drive (226)  
  organizational cloud storage (235)  
  pit (226)  
  platter (223)  
  primary storage (222)  
  RAID system (235)  
  redundant array of inexpensive disks 

(RAID) (225)  
  secondary storage (222)  
  secondary storage device (222)  
  sector (223)  
  software engineer (236)  
  solid-state drive (SSD) (230)  
  solid-state storage (230)  
  storage area network (SAN) (235)  
  storage device (223)  
  tape library (235)  
  track (223)  
  USB drive (231)   

 To test your knowledge of these key terms with animated flash cards, visit our Web 
site at  www.computing-2012.com  and enter the keyword    terms8.     
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  MULTIPLE CHOICE 
 Circle the letter or fill in the correct answer. 

     1.  RAM is referred to as _____   storage. 

    a.  direct      c.  optical  
   b.  nonvolatile      d.  secondary    

    2.  ____ measures how much a particular storage medium can hold.

    a.  access speed      c.  memory  
   b.  capacity      d.  storage     

    3.  How tightly the bits can be packed next to one another on a disk is referred to as

    a.  tracks      c.  density  
   b.  sectors      d.  configuration     

    4.  Thick, rigid metal platters that are capable of storing and retrieving information 
at a high rate of speed are known as

    a.  hard disks      c.  flash memory  
   b.  soft disks      d.  SAN     

    5.  The data on an optical disc is represented by flat areas called   _____ on the disc 
surface. 

    a.  surfaces      c.  lands  
   b.  flats      d.  pits    

    6.  DVD stands for

    a.  digital video data      c.  digital versatile disc  
   b.  direct video disc      d.  direct versatile disc     

    7.  _____   is the hi-def standard. 

    a.  Blu-ray      c.  DVD + R  
   b.  CD-ROM      d.  Max RL    

   8 .  Another name for a USB drive 

    a.  flash drive      c.  optical drive  
   b.  floppy drive      d.  solid metallic drive    

    9.  Online storage is also known as _____ storage. 

    a.  Blu-ray      c.  DVD  
   b.  cloud      d.  optical    

    10.  Specialized high-capacity secondary storage device designed to meet 
organizational demands for data. 

    a.  Blue-ray Disc      c.  mass storage  
   b.  hi def      d.  floppy disk     

 For an interactive multiple-choice practice test, visit our Web site at  www. 
computing-2012.com  and enter the keyword    multiple8.     
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  MATCHING 
 Match each numbered item with the most closely related lettered item. Write your 
answers in the spaces provided. 

     a.  access speed      
    b.  flash memory card  
    c.  hi def  
    d.  online storage  
    e.  RAID  
    f.  RAM  
    g.  solid-state storage  
    h.  track  
    i.  USB drive   
  j.  volatile

     1.  A type of storage that is volatile.     _____
    2.  Time required to retrieve data and programs.     _____
    3.  A solid-state storage device small enough to fit onto 

a key ring.     _____
    4.  Closed concentric ring on a disk on which data is 

recorded.     _____
    5.  Several connected inexpensive hard-disk 

drives.     _____
    6.  Increases storage capacity by reducing the amount 

of space required to store data and programs.     _____
    7.  Stores data electronically and has no moving 

parts.     _____
    8.  A credit card–sized solid-state storage device used 

in portable computers.     _____
    9.  Also known as cloud storage.     _____
    10.  The next generation of optical discs.      _____

 For an interactive matching practice test, visit our Web site at  www.computing-2012
.com  and enter the keyword    matching8.     

  OPEN-ENDED 
 On a separate sheet of paper, respond to each question or statement. 

     1.  What are the two types of hard disks? Describe three ways to improve hard disk 
performance.  

    2.  Compare solid-state and hard disk storage.  

    3.  List and compare the three most common optical disc formats?  

    4.  Describe cloud computing and cloud storage.  

    5.  Discuss mass storage systems including enterprise storage systems and storage 
area networks.    
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  APPLYING TECHNOLOGY 
 The following questions are designed to demonstrate ways that you can effectively 
use technology today. The first question relates directly to this chapter’s Making IT 
Work for You feature. 

  CLOUD STORAGE    

 Do you ever need to share large files with others? Perhaps you have found that many video and 

other types of files can be too large to effectively send as an e-mail attachment. To learn how to 

share large files using cloud storage, review Making IT Work for You: Cloud Storage on pages 232 

and 233. Then complete the following: (a) Describe how the drop.io file-sharing service works. 

(b) What is a custom address and how is it used? (c) Describe how and why you might use cloud 

storage.  

  IPOD    

 Apple’s iPod is a personal por-

table music player that stores a 

large number of digital music files. 

Connect to our Web site at  www

.computing-2012.com  and enter 

the keyword    ipod    to link to the 

iPod Web site. Once connected, 

read about the features and capa-

bilities of iPod, and then answer 

the following questions: (a) How 

are music files transferred to iPod? 

(b) What type of secondary storage 

does iPod use? (c) What is iPod’s 

storage capacity? 

   USB STORAGE DEVICES    

 Do you need to carry more data than will fit on a single floppy disk or CD? A USB storage device 

might be for you. These devices store large amounts of data in a package small enough to travel 

with your car keys. Connect to our Web site at  www.computing-2012.com  and enter the keyword 

   keychain    to link to a site that features USB storage devices. Explore the site and then answer the 

following questions: (a) What type of secondary storage do USB storage devices use? (b) How is 

data transferred to and from computer systems? (c) What system software are the USB storage 

devices compatible with? (d) What are typical capacities of the USB storage devices?   

1

2

3
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  EXPANDING YOUR KNOWLEDGE 
 The following questions are designed to add depth and detail to your understand-
ing of specific topics presented within this chapter. The questions direct you to 
sources other than the textbook to obtain this knowledge. 

    HOW MUSIC IS DOWNLOADED FROM THE INTERNET 

 One of the most popular activities on the Internet is to locate and download music files. Using a 

CD-R drive, the files are saved onto an optical disc. These discs can then be played in a variety 

of different types of devices. To learn more about how music is downloaded, visit our Web site at 

 www.computing-2012.com  and enter the keyword    music.    Then answer the following questions: 

(a) Go to the Web and find a Web site where you can download music from the Internet. What Web 

site did you find? How much do they charge to download music? (b) When you download music 

from the Internet, where is it stored on your computer? (c) Name three ways you can play music 

from the Internet.  

    FILE COMPRESSION 

 A common problem for computer users is that they run out of hard disk space. File compres-

sion software can open up space on a full hard drive, improve system performance, and make 

files easier to find and organize. To learn more about file compression, visit our Web site at  www.

computing-2012.com  and enter the keyword    compression.    Then answer the following questions: 

(a) What are the two types of file compression? How do they differ? (b) What type of file compres-

sion is used for home movies? Why? (c) What type of file compression is used for a resume? Why? 

(d) Research a compression/decompression utility on the Web. What types of files does your utility 

create? Is this a lossy or lossyless file compression?  

    CLOUD STORAGE SERVICES 

     Cloud storage services offer remote 

file storage or backup. Research a 

cloud storage service on the Web 

and then answer the following ques-

tions: (a) What cloud storage service 

did you research? (b) What is the 

cost for using the service, and what 

features do you get for that price? 

(c) How are files accessed from and 

uploaded to the service? (d) What 

assurances does the service pro-

vider offer concerning availability of 

your data? What about security?   

1
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  WRITING ABOUT TECHNOLOGY 
 The ability to think critically and to write effectively is essential to nearly every 
profession. The following questions are designed to help you develop these skills 
by posing thought-provoking questions about computer privacy, security, and/or 
ethics. 

  CD-R AND MUSIC FILES 

 Creating a custom CD of your favor-

ite music is a popular use of sec-

ondary storage. Many sites on the 

Web offer free music that you can 

download. However, not all music 

files that are available on the Internet 

are freely distributable. Consider the 

following questions and write a one-

page paper addressing them: (a) Is 

it fair to make a copy on your com-

puter of a CD you have purchased? 

(b) Would it be fair to give a burned 

copy of a CD to a friend? What if 

the friend would not have otherwise 

purchased that CD? (c) People have 

been making illegal copies of music 

cassette tapes for some time. Why is using the Internet to make and distribute copies of music 

receiving so much attention? 

   ARCHIVING ELECTRONIC RECORDS 

 At one time in the recent past, floppy disks were the standard for storing and exchanging files. 

However, they do not have the capacity to store most of today’s video, image, and music files. As a 

result, floppy disk drives are no longer a standard feature on many computers, which instead offer 

optical drives for CDs and DVDs. Consider the following questions and address the following items 

in a one-page paper: (a) Do you currently back up or save documents that you want to keep for 

the future, including digital photos, e-mail messages, and school projects? If so, which media do 

you use? (b) Are there electronic files you feel you may want to access far into the future? (c) What 

does the demise of floppy disks suggest about the challenges of archiving important documents for 

future generations? Explain your answer. 

1
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