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Chapter 8: Secondary Storage


· Storage (214) 
· The ability to save, or store, information.
· Secondary storage provides permanent or nonvolatile storage. Using secondary storage devices data and programs can be retained after the computer has been shut off

· Important characteristics of secondary storage
· Media or medium, which is the actual physical material that holds the data and programs.

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

· Storage devices are hardware that reads data and programs from storage media.

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

· Magnetic Discs
· Floppy disks (214)
· Portable or removable storage media.

· Store data and programs by altering the electromagnetic charges on the disk’s surface to represent 1s and 0s.

· Characters are represented by positive and negative charges using the ASCII, EBCDIC, or Unicode binary codes.

· The traditional floppy disk is the 1.44 MB 31/2-inch disk.
· Files are stored and organized on the flexible disk according to tracks and sectors.

· Tracks are rings of concentric circles without visible grooves. 

· Each track is divided into invisible wedge-shaped sections called sectors. 

· Each track’s sector can store up to 512 bytes or characters.

· High-capacity floppy disks (215)
· Rapidly replacing the traditional floppy disk.
· These disks typically have a 100 MB, 250 MB, or 750 MB capacity

· Hard Disks (216)
· Hard disks save files by altering the magnetic charges of the disk’s surface.

· Thicker, rigid metallic platters that are stacked one on top of another.
· Hard disks store and organize files using tracks, sectors, and cylinders.
· Cylinders are necessary to differentiate files stored on the same track and sector of different platters.

· A head crash occurs when a read/write head makes contact with the hard disk’s surface or with particles on its surface.

· Internal hard disk (fixed disk) 
· Located inside the system unit.
· Hard disks rotate faster and their read/write heads are closer to the recording surface, the time required to find and retrieve information (access speed) is much faster than for floppy disks.

· Hard-disk cartridges(217)
· Easy to remove as a cassette from a videocassette recorder.
· The amount of storage available to a computer system is limited only by the number of cartridges.
· Useful to protect or secure sensitive information.

· Performance Enhancements (219)
· Disk caching
· Improves hard-disk performance by anticipating data needs.

· 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

· Increases system performance by 30 percent

· Redundant arrays of inexpensive disks (RAID)
· Several inexpensive hard-disk drives are connected to one another.  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.

· File compression
· Increase storage capacity by reducing the amount of space required to store data and programs.

· Increase storage capacity by reducing the amount of space required to store data and programs.

· Scan files for ways to reduce the amount of required storage.
· Optical Discs (220)
· Can hold over 50 gigabytes of data.
· A laser beam alters the surface of a plastic or metallic disc to represent data.
· The 1s and 0s are represented by flat areas called lands and bumpy areas called pits on the disc surface.

· The amount of reflected light determines whether the area represents a 1 or a 0.

· Optical discs typically use a single track that spirals toward the center of the disk. This single track is divided into equally sized sectors.

· Rotational speed determines how fast data can be transferred from the CD.

· Compact disc – Store 650 MB to 1GB
· Read only—CD-ROM - it cannot be written on or erased by the user.

· Write once—CD-R - it can be written to once.
· Rewriteable—CD-RW – can be written to many times.

· DVD (221) – Stores 4.7 GB to 17 GB
· Read only—DVD-ROM - it cannot be written on or erased by the user.

· Write once—DVD +R and DVD -R - can be written to once.

· Rewriteable—DVD +RW, DVD -RW, and DVD-RAM – Rewriteable

· Hi-Definition Discs

· Even greater capacity than CD and DVD

· HD DVD = 15 GB to 45 GB
· Blu-Ray = 25 GB to 50 GB
· Solid State (223)
· Have no moving parts.

· Flash memory cards – credit card sized PCMIA cards

· Key chain hard drives – use the USB port of the computer

· Making It Work for You (224)
· How to use an iPod and get music from the Internet and create CDs

· Using Apple.com, it shows how to buy music, and to create libraries and playlists.

· Using ITunes, it shows how to burn a CD, and upload music to a portable MP3 player.
· Internet Hard drives (226)
· Special service sites on the Web provide users with storage.
· Low cost and flexible

· Slower access speed.

· Magnetic tape (226)
· Sequential access

· Slower access time

· Stores data and programs by altering the electromagnetic charges on a recording surface.

· Mass storage devices (227)
· Stores data and programs by altering the electromagnetic charges on a recording surface.

· Careers in IT (228)
· Software engineers

· Design and develop programs by using the principles of mathematics and engineering.

· Rarely write code
· A bachelor’s degree in computer science and an extensive knowledge of computers and technology

· Annual salary range $53,000 to $88,000.

· A Look to the Future (229)
· Three dimensional storage

· Could yield a terabyte on one disk,

· Yield even greater storage in smaller packages.

· Storage (214)
· It is good to discuss the important characteristics of secondary storage and compare the different types of storage using these characteristics

· Media or medium, which is the actual physical material that holds the data and programs.

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

· Storage devices are hardware that reads data and programs from storage media.

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

· Magnetic Discs
· Floppy disks (214)
· Most students have used these and know what they are and can do.

· It can be helpful to dissect a floppy (floppies), so the students can see the components first hand.

· High-capacity floppy disks (215)
· Hard Disks (216)
· Again, most students have used these and know their capabilities.  

· If you don’t have a hard drive to dissect, you can go to the website www.computing2008.com to find examples of how they work, or use figure 8-9 on page 218 as an illustration of an internal hard disk.

· You can use Figure 8-9, also, as a good illustration of the size of a read/write head and to help illustrate the problem of a head crash.

· Internal hard disk (fixed disk) 
· It is good to discuss access time (speed) with the students.  These things are stated when they purchase some computers and students don’t always know what it means and why it is important.
· Hard-disk cartridges (217)
· Performance Enhancements (219)
· It is good to briefly cover these aspects.  

· Disk caching
· Redundant arrays of inexpensive disks (RAID)
· File compression
· Expanding You Knowledge exercise #2, File Compression, would be a good lab/homework assignment to use in conjunction with the lecture on this subject.

· Optical Discs (220)
· Most students are familiar with these types of storage devices, so you can concentrate on the new/emerging technologies.

· Compact disc - Stores 650 MB to 1GB

· Read only—CD-ROM - it cannot be written on or erased by the user.

· Write once—CD-R - it can be written to once.

· Rewriteable—CD-RW – can be written to many times.

· DVD (221) – Stores 4.7 GB to 17 GB

· Read only—DVD-ROM - it cannot be written on or erased by the user.

· Write once—DVD +R and DVD -R - can be written to once.

· Rewriteable—DVD +RW, DVD -RW, and DVD-RAM – Rewriteable

· Hi-Definition Discs

· Even greater capacity than CD and DVD

· HD DVD = 15 GB to 45 GB

· Blu-Ray = 25 GB to 50 GB

· Solid State (223)
· Have no moving parts.

· Flash memory cards – credit card sized PCMIA cards

· Key chain hard drives – use the USB port of the computer

· Making It Work for You (224)
· You can use this in conjunction with Applying Technology exercise #1, Music from the Internet, to create a lab/assignment for the topic.
· Internet Hard drives (226)
· Special service sites on the Web provide users with storage.
· Low cost and flexible

· Slower access speed.

· Magnetic tape (226)
· Sequential access

· Slower access time

· Stores data and programs by altering the electromagnetic charges on a recording surface.

· Mass storage devices (227)
· Stores data and programs by altering the electromagnetic charges on a recording surface.

Key Terms

	Key Term
	Definition

	access speed (214)
	Measures the amount of time required by the storage device to retrieve data and programs. 

	Blu-Ray (BD) (222)
	A different optical format than either the DVD or the HD DVD and have a capacity of 25 to 50 gigabytes,

	CD (compact disc) (220)
	One of the most widely used optical formats.

	CD-R (CD-recordable) (220)
	A CD that can be written to only once.

	CD-ROM (compact disc–read only memory) (220)
	A CD that cannot be written on or erased by the user.

	CD-ROM jukebox (228)
	Provide automatic access to a large collection or library of optical disks.

	CD-RW (compact disc rewritable) (221)
	A CD that can be written to many times.  (See also erasable optical disc)

	cylinder (216)
	A part of a hard disk that runs through each track of a stack of platters.

	density (215)
	How tightly the bits (electromagnetic charges) can be packed next to one another on a diskette.

	direct access (226)
	The type of storage and retrieval system used by magnetic and optical discs.

	disk caching (219)
	A hard disk performance enhancement that improves processing by acting as a temporary high-speed holding area between a secondary storage device and the CPU.

	DVD (digital versatile disc or digital video disc) (221)
	a newer optical format that has replaced CDs as the standard; similar to CDs except that more data can be packed into the same amount of space.

	DVD player (221)
	DVD ROM drive

	DVD +R (DVD recordable) (221)
	A type of DVD write-once format

	DVD -R (DVD recordable) (221)
	A type of DVD write-once format

	DVD-RAM (DVD random-access memory) (221)
	A type of DVD rewriteable format

	DVD-ROM (DVD–read only memory) (221)
	A DVD format that the user cannot write to

	DVD-ROM jukebox (228)
	Provide automatic access to a large collection or library of optical disks.

	DVD +RW (DVD rewritable) (221)
	A type of DVD rewriteable format

	DVD -RW (DVD rewritable) (221)
	A type of DVD rewriteable format

	enterprise storage system (227)
	A type of system that large organizations use to promote efficient and safe use of data across the networks within their organizations.

	erasable optical disc (221)
	A CD that can be written to many times.  (See also CD-RW (compact disc rewritable))

	file compression (219)
	A hard disk performance enhancement that increases storage capacity by reducing the amount of space required to store data and programs.

	file decompression (219)
	Rebuilding a file that has been compressed

	file server (228)
	A dedicated computer with very large storage capacity that provides users access to fast storage and retrieval of data.

	flash memory card (223)
	Credit card–sized solid-state storage devices widely used in notebook computers.

	floppy disk (214)
	A portable or removable storage medium that uses flat circular pieces of Mylar plastic that have been coated with a magnetic material.

	floppy-disk cartridge (214, 215)
	Portable storage devices that are able to store more information, and are thicker than a diskette. (see also high capacity disk)

	floppy disk drive (FDD) (214)
	Stores data and programs by altering the electromagnetic charges on the disk’s surface to represent 1s and 0s

	hard disk (216)
	A device that saves files by altering the magnetic charges of the disk’s surface, has greater capacity than a diskette, and faster access time.

	hard-disk cartridge (217)
	Easy to remove cassettes whose capacity is only limited by the number of cartridges.

	hard-disk pack (218)
	Removable storage device used to store massive amounts of information.

	HD DVD (high-definition DVD) (222)
	This format is very similar to DVD except that its storage capacity is much greater.

	head crash (216)
	When a hard disk’s read/write head makes contact with the hard disk’s surface or with particles on its surface resulting in a catastrophic loss of data.

	hi def (high definition) (222)
	The next generation of optical disc

	high-capacity disk (215)
	Portable storage devices that are able to store more information, and are thicker than a diskette. (see also floppy disk cartridge)

	internal hard disk (216)
	A magnetic secondary storage device that is located inside the system unit. 

	Internet hard drive (226)
	Special service sites on the Web provide users with storage.

	label (215)
	Usually on the front of a diskette and provides users with an area to write or document the contents of the disk.

	land (220)
	Flat areas that optical discs use to represent 1s and 0s.

	magnetic tape (226)
	Writes data and programs by altering the electromagnetic charges on a recording surface and uses a sequential access method to store and retrieve it.

	magnetic tape reel (227)
	Type of tape that was used by mainframes and is typically 1/2 inch wide and 11/2 miles long and provides massive storage capacity.

	magnetic tape streamer (227)
	The type of magnetic tape technology used by mainframes today.

	mass storage (227)
	The tremendous amount of secondary storage required by large organizations.

	mass storage devices (227)
	Specialized high-capacity secondary storage devices designed to meet storage requirements of large organizations.

	media (214)
	An actual physical material that holds data and programs.

	optical disc (220)
	A storage device that uses a laser beam to alter the surface of a plastic or metallic disc to represent data

	optical disc drive (220)
	A device with a laser that projects a tiny beam of light on a disc to reflect the light to determine a pit or land.

	organizational Internet storage (228)
	High-speed Internet connection to a dedicated remote organizational Internet drive site.

	PC Card hard disk (217)
	Credit card-size hard-disk cartridges available for

notebook computers with typical capacities

up to 5 gigabytes.

	pit (220)
	The bumpy areas that optical discs use to represent 1s and 0s.

	primary storage (214)
	RAM or memory, where data is stored before being processed.

	RAID system (228)
	A system that enhances organizational security by constantly making backup copies of files moving across the organization’s networks.

	redundant array of inexpensive disks (RAID) (219)
	improve performance by expanding external storage, improving access speed, and providing reliable storage.

	secondary storage (214)
	Provides permanent or nonvolatile storage 

	secondary storage device (214)
	Hardware where data and programs can be retained after the computer has been shut off. (see also storage device)

	sector (215)
	A wedge-shaped sections of a track, part of how files are stored and organized on a  flexible disk

	sequential access (226)
	The type of storage and retrieval system used by magnetic tape.

	shutter (215)
	Part of a diskette that slides to the side to expose the recording surface.

	software engineer (228)
	A computer professional who analyzes users’ needs and creates application software.

	solid-state storage (223)
	Storage devices have no moving parts.

	storage device (214)
	Hardware where data and programs can be retained after the computer has been shut off. (see also secondary storage device)

	tape cartridge (227)
	The type of magnetic tape technology used by mainframes today

	tape library (228)
	A device that provides automatic access to data archived on a large collection or library of tapes.

	track (215)
	Rings of concentric circles without visible grooves, part of how files are stored and organized on a  flexible disk

	USB drive (226)
	The size of a key chain; these hard drives connect to a computer’s USB port enabling a transfer of files; has a capacity of 2GB.

	write-protection notch (215)
	A slide on a diskette that opens and closes. When closed, files can be saved to the disk. When open, files cannot.


Crossword Puzzle Answers:

	Across

	Num.
	Clue
	Answer

	5
	Improves hard-disk performance by anticipating data needs. 
	Disk caching

	6
	Web-based storage.
	Internet drive

	7
	Invisible wedge-shaped division of a track.
	Sector

	8
	Portable and removable storage device.
	Floppy

	10
	Runs through each track of a stack of platters.
	Cylinder 

	11
	How tightly the bits can be packed next to each other.
	Density


	Down

	Num.
	Clue
	Answer

	1
	Ring of concentric circles without visible grooves.
	Track 

	2
	Grouped disk drives treated as one hard disk by the computer system.
	RAID

	3
	Measures the amount of time required to retrieve data.
	Access time

	4
	Represent 1s and 0s.
	Pits and lands

	9
	Disk with 500 times the storage as a standard floppy.
	Zip 


	Num
	Multiple Choice Answers
	Matching Answers

	1
	A
	G

	2
	A
	A

	3
	C
	J

	4
	A
	I

	5
	C
	D

	6
	A
	B

	7
	C
	H

	8
	D
	C

	9
	D
	F

	10
	C
	E


Open Ended Questions:

1. Discuss the traditional and high-capacity floppy disks.
The traditional floppy disk is the 1.44 MB 31/2-inch disk. The most common type is labeled 2HD, which means “two-sided, high-density” and have a capacity of 1.44 MB. Floppy disks have a thin exterior jacket made of hard plastic to protect the flexible disk inside.

High-capacity disks, also known as floppy-disk cartridges, are rapidly replacing the traditional floppy disk.  They are 31/2 inches in diameter, and are able to store more information, are thicker, and require special disk drives.

2. What are the three types of hard disks? Describe three ways to improve hard-disk performance.
There are three types of hard disks: internal hard disk, hard-disk cartridge, and hard-disk pack. 

Three ways to improve the performance of hard disks are disk caching, redundant arrays of inexpensive disks, and file compression/decompression.  Disk caching improves processing by acting as a temporary high-speed holding area between a secondary storage device and the CPU.  Redundant arrays of inexpensive disks (RAID) improve performance by expanding external storage, improving access speed, and providing reliable storage.  File compression and file decompression increase storage capacity by reducing the amount of space required to store data and programs.

3. What are the two most common optical disc formats? What is hi def? Describe the basic types for each format.
The two most common optical disc formats are CD and DVD.  The next generation of optical disc is called hi def (high definition), with a far greater capacity than DVDs.  

CDs, DVDs, and hi def have three basic types: read only, write once, and rewriteable.

4. Discuss solid-state storage, Internet hard drives, and magnetic tape. What are the advantages and disadvantages of each?

Solid-state storage devices have no moving parts.  While this type of storage is more expensive than the others, it is more reliable and requires less power.

Internet hard drives are special service sites on the Web that provide users with storage.  Advantages of Internet hard drives include low cost and the flexibility to access information from any location using the Internet.  Disadvantages are access speed is slower because all information must travel across the Internet, and users are dependent on the availability and security procedures of the service site.

Magnetic tape stores data and programs by altering the electromagnetic charges on a recording surface. One of the cheapest forms of secondary.  However, it uses sequential access methods so it is one of the slowest to access specific information.  Magnetic tape is an effective and commonly used tool for backing up data.

5. Discuss mass storage, enterprise storage systems, and mass storage devices.
Mass storage refers to the tremendous amount of secondary storage required by large organizations.  Enterprise storage systems are systems that large organizations use to promote efficient and safe use of data across the networks within their organizations.    Mass storage devices are specialized high-capacity secondary storage devices designed to meet organizational demands for data.
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 Ethical focus

1. Writing About Technology exercise #1 CD-R and Music Files looks at the distribution of music on the Internet and the ethical problem of copying music that isn’t freely distributed.
Web Tools
1. Applying Technology exercise #1 iPods and Music from the Internet in conjunction with the Making it Work for You exercise on page 224 has the student research the iTunes software by Apple Corp.  It explores the functions of libraries, playlists, and how to burn music to a CD or transfer it to a portable player.

2. Expanding Your Knowledge exercise #1 How Music Is Downloaded from the Internet has the students explore the process of downloading, storing, and playing music from the Internet.

3. Expanding Your Knowledge exercise #3 Internet Hard Drives explores the costs and benefits of using a Web storage facility.
Software Tools
1. Applying Technology exercise #2 iPods explores the technology of portable music players and looks at the types and capacity of storage used by them.
2. Applying Technology exercise #3 USB Storage has the students research the technology of solid state USB secondary storage and how to use them.
3. Expanding Your Knowledge exercise #2 File Compression looks at the different types of file compression and their various uses.
Writing Skills
1. Writing About Technology exercise #2 Storage Trade-offs has the students compare and contrast the different types of storage technology and give examples of best solutions each would fill.
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