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Evolution of the Major Computer Storage Devices
From Early Mechanical Systems to Optical Storage Technology

Density of data stored on a magnetic hard disk increased 1.2-million-fold in the four
decades after IBM'’s introduction of the first commercial disk drive in 1957. Improvements
in the miniaturization have been the primary catalyst for this spectacular growth. Because
of this, computers are no longer simply relegated to the desktop. They are in our cars,
our TVs, VCRs, Stereos and toasters. Increasingly, we are doing business and
accomplishing everyday tasks over vast computer networks. Our world is changing from
the physical to the digital. This transformation is no small task and the transition from the
present world to the digital one is highly dependent on smart, inexpensive and abundant
digital storage [.1.].

Introduction

Since the inception of the modern computers in the late 1940s, computing systems have continualy
grown in complexity, both in hardware and in the software associated systems. This complexity is
due to two factors: fird, the tradeoffs in cost/performance versus sze of various memory-storage

systems, and second the way users organize and use data.

Modern computing systems consist of four hardware components: the central processing unit (CPU),
the main memory, the secondary storage (disks, tapes, CDs, eic.) and the input-output devices that
interfaces with humans. Since the beginning of the modern computer eraiin the late 1940s and early
1950s, the need for larger storage capatilities has become increasingly apparent. The need for larger
dorageis due mainly to the vast amount of digital dataincluding graphic, audio and video media



All computations, either menta, mechanica, or dectronic require a sorage system of some kind,
whether the numbers be written on paper, remembered in our brain, counted on the mechanical
devices of agear, punched asholesin paper, or trandated into eectronic circuitry.

This study reviews the evolution of the storage systems from early mechanicad systems to optica
storage technology. Because of the importance of the storage systems in computing, evolution of the
storage systemsis directly related the CS'S 550-History of Computing.

Floppy Disk Drives / Floppy Disks

Hoppy disk drives were origindly introduced commercidly as a read-only device in the early 1970s.
These early floppy disk drives were used to hold microcode and diagnogtics for large IBM
mainframe computer systems. These disk drives were using 8-inch floppy diskettes recorded on only
one Sde. By changing these diskettes insde the floppy drive, technicians could eesly update the
microcode to the latest revisions or load diagnogtics easily. The storage capecity of these early read

only drives was less than 100 kilobytes.

In 1973 a new upgraded 8 inch drive with read/write capability and a capacity of about 250 kilobytes
began shipping which IBM used in daa entry systems. This drive incorporated many technica
improvements and became a modd for drives dill in use today. As time went on, designers learned
how to reiably record on both sdes of the diskette as well as increase the density of the data
recorded on the diskette.

In 1976 smdler 5.25 inch sze floppy drives were introduced by Shugart Associates. In a cooperdive
effort, Dysan Corporation manufactured the matching 5.25 inch flexible floppy diskettes. Originaly
these drives were available in only a sngle-sded low density format, and like the first 8 inch modes,
stored less than 100 kilobytes. Later they received many of the same improvements made to the 8



inch modds and eventudly 525 inch floppy drives settled & a double-Sded, "double dengty”
formatted capecity of about 1.2 megabytes. This drive was used in the IBM-AT persona computer.

Modern floppy drives and diskettes (3.5 inch) have evolved to a much smdler size with larger
capacities as well. In 1980, the 3.5 inch floppy drive and diskette was introduced by Sony. During the
early 1980's many competing formats were tried to compete with the 3.5 inch drives. Over time the
indusry settled on the 35 inch format which was standardized and manufactured by many
companies. Today's stlandard 3.5 inch diskettes hold a formatted capecity of 1.44 megabytes while
dill using the same basic technology of the second generation 8 inch drives.

The primary factor that caused engineers to reduce the size and cost of floppieswasthe introduction
and evolution of the personad computer. It was in the persona computer market thet the low cod,

meass produced floppy drive found its first red home. Very quickly, the floppy became the standard

method of exchanging data between persond computers. It aso became the popular method of

soring moderate amounts of information outsde of the computer's hard drive. Hoppy diskettes are
smdl, inexpensive, readily available, easy to dore, and have a good shdf life if stored properly. Itisa
round, flat piece of Mylar coated with ferric oxide, a rudlike substance containing tiny particles
cgpable of holding a magnetic field, and encased in a protective plagtic cover, the disk jacket. Datais
dored on afloppy disk by the disk drive's reed/write head, which dters the magnetic orientation of the
particles. Orientation in one direction represents binary 1; orientation in the other, binary 0.

Hard-Disk Drives (Hard Disks)

The hard drive, dso cdled the hard disk or fixed disk, isthe primary storage unit of the computer. Itis
adways labeled the C drive. Additiond drives are labeled after it asthe D, E, F, €c. It has severd
read/write heads that read and record data magnetically on platters, astack of rotating disksinside the
hard drive. Hard drive isimportant for the following reasons:

It stores programs that must be ingtdled to the hard drive before they can be used.

It stores data files that can be accessed |ater.



It organizesfiles like afile cabinet 0 they can be accessed more eedlly.

The Hard Drive can store alarge amount of computer data on it. Many advancements have made it
possible to store alarge amounts of datain a small space. The hard drive's speed isdiscussed in
terms of accesstime. Thisis the speed at which the hard drive finds data. The average accesstime
is measured in milliseconds. One millisecond equals 1/1000 of a second. The average drives had 9to
14 ms accesstime. The lower the access time the faster the hard drive. The capacity, or amount of
information that a hard drive can store, is measured in bytes. Today many computers come with 20-
80 GB (Giga Byte=1,000 Mega Bytes) hard drives.

Types of Hard Drives

(1) Bournolli hasamechanism that acts as afly whed. When the HD spinsthe disk follows gravities
course and islifted up afew centimeters causing the Read/\Write heads to touch. When it stops
spinning, the HD will fal back down the few centimeters.

(2) Magnetic Optical Drive hasthe best storage capacity. It has the same principles as the Bournalli,
but is mixed with the Compact Disc technology o that the Read/Write head puts detaiin order and
the laser reads off of it.

(3) Standard M agnetic Drive The standard magnetic drive is less complex and less expengve than
the others. It stores data with a read/write head which sends a pulse of dectricity through causing the
magnetic films dectrons to line up in a cartain way.

History of Hard-Disk Drives

The hard-disk drive is awonder of modern technology, consisting of a stack of disk pletters. eech one
an duminum dloy or glass substrate coated with a magnetic materid and protective layers. Read
write heads, typicaly located on both ddes of each plaiter, record and retrieve data from
circumferentia tracks on the magnetic medium.  Servomechanicd actuator arms position the heads
precisgly above the tracks, and a hydrodynamic ar bearing is used to "fly" the heads aove the
surface at heights measured in fractions of microinches. A spindle motor rotates the stack a speeds
of between 3,600 and 10,000 revolutions per minute.



This basic design traces its origins to the firs hard-dik drive-the Random Access Method of
Accounting and Control (RAA/IAC)-which IBM introduced in 1956. The RAMAC drive stored
data on 50 duminum platters, each of which was 24 inches in diameter and coated on both sides with
meagnetic iron oxide. (The coating was derived from the primer used to paint San Francisco's Gdden
Gate Bridge.) Capable of storing up to five million characters, RAMAC weighed nearly a ton and

occupied the same floor space as two modern refrigerators.

In the more than four decades since then, various innovations have led to dramatic increases in
dorage capacity and equaly substantial decresses in the physical dimensions of the drives
themsalves. Storage capacity has jumped multiple orders of magnitude during that time, with the
result tha some of today's desktop PCs have disk drives containing more than 80 gigabytes.
According to some andyigs the indudry has achieved these improvements largely through
graightforward miniaurizetion. "Smdler heads, thinner disks smdler fly heights (the distance
between head and platter.)

Growth Rate of Hard-Disk Drives

Many corporations find thet the volume of data generated by their computers doubles every yesr.
Extremely large databases containing more than a terabyte --thet is, one trillion bytes—-are becoming
the norm as companies begin to kegp moreand more of their data onHline, stored on hard-disk drives,
where the information can be accessed readily. The benefits of doing so are numerous. with the right
software tools to retrieve and andyze the data, companies can quickly identify market trends, provide
better customer service, modify manufacturing processes, and 0 on.  Meanwhile individua
consumers are using modestly priced PCs to handle a data glut of their own, storing countless emails,
household accounting preadsheets, digitized photograhs, and software games.

All this has been enabled by the avallability of inexpensive, high-capacity magnetic hard-disk drives.
Improvement in the hard disk technology has been quite impressive. The cgpacity of harddisk drives
grew about 25 to 30 percent each year through the 1980s and accdlerated to an average of 60 % in
the 1990s. By the end of 1999 the annua increase had reached 130 percent. Today disk capecities
are doubling every nine months, fast outpacing advances in computer chips, which obey Moore's Law
(doubling every 18 months).



Price of Magnetic Hard-Disk Drives

The sdes of hard-disk drives have soared as costs per megabyte have decreased.  Sdes revenues
are expected to grow to $50 hillion in 2002. At the same time, the cost of hard-dsk drives has
plummeted. Disk/Trend, a Mountain View, Cdifornia-based market research firm that tracks the
industry, reports that the average price per megabyte for hard-disk drives plunged from $11.54 in 1983
to $0.04 in 1998, and the estimate for lagt year 5 $0.02. Some experts predict thet by 2002 the price
will have falen to $0.003 per megabyte.

This remarkable combination of risng capacity and dedining price has resulted in a thriving hard-disk
market. The indudry shipped 145 million harddisk drivesin 1998 and nearly 170 million lagt yesr.
That number is expected to surge to about 250 million in 2002, representing revenues of $50 hillion,

according to projections.

SPE barrier: Limit of Technology in Hard Disks

But whether the industry can maintain these impressive economicsiis highly questionable. In the quest
to ddiver had disks with ever increesing capecities, IBM, Seagate Technology, Quantum
Corporation and other manufacturers have continualy crammed smaler and smdler bits together,

which has made the data more susceptible to Super -Paramagneti c-Effect, or smply SPE. In the
coming years the hard-disk technology could reach a limit imposed by this effect. Smply described,
SPE isaphysicad phenomenon that occurs in data storage when the erergy that holds the magnetic
soin in the aloms making up a bit (either a 0 or 1) becomes comparable to the ambient thermal

energy. When that happens, bits become subject to random “flipping" between O'sand 1's, corrupting
the information they represent.

As one dhrinks the Sze of grains or crystals of magnetic materid to make smdler bits, the grains can
lose the dbility to hold a magnetic fidd at a given temperature. "It redly comes down to the therma
sability of the media" One researcher explains. "You can make heads more sengitive, but you
ultimately need to consider the properties of the media materia, such as the coercivity, or magnetic

dability, and how few grains you can use to obtain the desired res stance to thermal erasure.”

Traditiordlly, a minimum of about 500 to 1,000 grains of magnetic materid was required to Sore a
bit. In March 2001, IBM scientists announced a process for sdf-assembling magnetic particles into



bits that could provide ared densities as high as 150 gigabits per square inch.) Currently researchers
are actively looking for improved materias that can hold a detectable magnetic charge and resist SPE
with fewer grains. Also, the industry has been developing better manufacturing processes to
decrease the impurities in the orage medium and thereby enable smdller bits.

In lieu of improvements of this type, the limit of bits per inch will remain in the range of between
500,000 and 650,000, according to a storage technologist for Seageate Technology's research divison
But this parameter, which is for data stored in a particular track on a platter, is only one determinant
of ared dengty, which isthe number of bits per squareinch.

Strategies for Avoiding the SPE Barrier

The capacity-versus-performance debate could become acute as the industry considers various ways
to avoid the SPE barrier. Experts agree that moving beyond aredl densties of 150 gigabits per square
inch will require a sgnificant departure from conventional megnetic hard disks.  Some of the
dterndives boast impressive storage capatiilities but mediocre speeds, which would limit their use for
certain gpplications. At present, the main strategies include:

- Change the orientetion of the bits on the disk from longitudina (circumferentia) to perpendicular, or
verticad, to cram more of them together and to prevent them from flipping.

- Use magnetic materias, such as dloys of iron/platinum or cobdt/samarium, that are more resistant
to SPE. If the magnetic "hardness' of the materiad is a problem for recording data, heat the medium
firg to "soften” it magneticaly before writing on it.

- Use aradicdly different storage materid, such as holographic crystas, phase-change metds, or
pladtic.

- Imprint a pattern lithographicaly onto the storage medium to build microscopic barriers between
individud bits

Although severd of these agpproaches have dtracted large investments from the leading
manufacturers, most remain in the very early stages of testing. Some of the concepts await research



breskthroughs or key advances in supporting technologies before work can begin in earnest on
prototypes.

Head Improvements in Hard-Disks

Many of the past improvements in digedrive capacity have been a result of advances in the read
write head, which records data by dtering the magnetic polarities of tiny areas, caled domains (each
domain representing one bit), in the sorage medium. To retrieve that information, the heed is
postioned 0 that the magnetic Sates of the domains produce an dectricd sgnal that can be
interpreted asadring of O'sand 1's.

Ealy products used heads made of ferrite, but beginning in 1979 slicon chip-building technology
enabled the precise fabrication of thin-film heads. This new type of head was able to read and write
bits in smdler domains. In the early 1990s thin-film heads themselves were displaced with the
introduction of a revolutionary technology from IBM. The innovation, basad on the magnetoresigive
effect (first observed by Lord Kelvin in 1857), led to amgor breskthrough in storage density.

Reather than reading the varying magnetic field in a disk directly, a magnetoresstive head looks for
minute changes in the eectrical resstance of the overlying read dement, which is influenced by that
magnetic field. The greater sendtivity that results alows data-storing domains to be shrunk further.
Although manufacturers continued to sl thin-film heeds through 1996, magnetoresistive drives have

come to dominate the market.

In 1997 IBM introduced ancther innovation--the giant-magnetoresistive (GMR) head--in which
magnetic and nonmagnetic materids are layered in the read head, roughly doubling or tripling its
sengtivity. Layering materids with different quantum-mechanica properties enables developers to
engineer a specific head with desired GMR capabilities. Currie Munce, director of storage systems
and technology &t the IBM Almaden Research Center in San Jose, says developments with this
technology will enable disk drives to Sore data & a dendty exceeding 100 gigabits per square inch of

platter space.

Interestingly, as recently as 1998 some experts thought that the SPE limit was 30 gigabits
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per square inch. Today no one seems to know for sure what the exact barier is, but IBM's
achievement has made some assart that the "density demon” lives somewhere past 150 gigabits per
square inch.

Types of Hard Drive Connections

Basicdly there are three types of Hard Drive Connections:
Integrated Device Electronics (IDE)

Smdl Computer Interface (SCSl)

Enhanced | ntegrated Drive Electronics (EIDE)

The Issue of Speed in Hard-Disk Drives

Storage capacity is not the only issue when dedling with hard disks. The rate with which data can be
accesed is dso becoming an important factor that may adso determine the useful life span of
magnetic disedrive technology. Although the capacity of hard-disk drivesis surging by 130 percent

annudly, accessrates are increasing by a comparatively tame 40 percent.

To improve on this, manufacturers have been working to increase the rotational speed of drives. But
as a disk spins more quickly, ar turbulence and vibration can cause misregidration of the tracks, a
problem that could be corrected by the addition of a secondary actuator for every head. Other
possible enhancements include the use of fluid bearings in the motor to replace sted and ceramic bdl
bearings, which wear and emit noticeably audible noise when platters spin a speeds greater than
10,000 rev. per minute.

Many industry onlookers foresee a possible hifurcation in the marketplace, with some disk drives
optimized for cgpacity and others for speed. The former might be used for mass storage, such asfor
backing up a company's historica files. The latter would be necessary for gpplications such as

customer sarvice, in which the fast retrievd of datais crucid.

In the past, cusomerstypicaly preferred a bigger drive a the lowest possible cogt, even if the product

had dower performance.
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But new applications are demanding faster drives. With eectronic canmerce over the World Wide
Web, for example, companies need to Sore and retrieve cusomer data on the fly. In addition,

businesses are deploying an increesing number of dedicated file servers for information thet needs to
be shared and accessed quickly by anumber of employees.

Tracks in Hard Disks

Storage capacity aso depends on the narrowness of the tracks, and so far manufacturers have been
able to cram up to 20,000 tracks per inch. This number is limited by various factors, such as the
ability of the recording head to resolve the different tracks and the accuracy of its position-sensing
sysem.  Squeezing in additiond tracks will require significant improvements in severa aress,
including the design of the head and the actuator that controls that head. To achieve an overdl
dengty of | 00 gigabits per square inch, the indusiry must somehow figure out a way to fit about
150,000 tracks or more per inch.

With the exigting technology, tracks must be separated by gaps of 90 to 100 manometers, according
to andyists. Mogt write heads look like a horseshoe that extends across the width of a track.
Recording isin the longitudind direction [that is, dong the circular track], but they aso generate fringe
fields that extend radidly. If the tracks are spaced too closdly, this effect can cause information on
adjacent tracks to be overwritten and logt.

One solution is to fabricate the recording head more precisdy to smdler dimensons. "You can usea
focused ion beam to trim the write head and to narrow the width of the track that a writer writes,"
one researcher says. But the read head, which is a complex sandwich of eements, poses a harder
manufacturing problem.  Furthermore, for 150,000 tracks or more per inch to be squeezed in, the
tracks will rave to be less than aout 170 manometers wide.  Such microscopicaly narrow tracks
will be difficult for the heads to follow, and thus each head will need a secondary actuator for precise
positioning. (In current products, just one actuator controls the entire assembly of heads)

Lagt, smdler bits in thinner tracks will generate weeker Sgnas. To separate those sgnas from
background noise, researchers need to develop new agorithms that can retrieve the information
accurately. Today's software requires a signakto-noise retio of at leest 20 decibels. According to
some andyids, current indudlry is a least Sx decibels short of being able to work with the Sgna-to-

- 12 -



noise ratio that would apply when dedling with the bit sizes entailed in disks with ared densties of 100
to 150 gigabits per square inch.

Neverthdess, such problems are well understood, many industry experts concur. In fact, andyids
assert that the improvements in materids, fabrication techniques and signd processing dready being
studied a IBM and elsewhere will, over the next few years, enable the manufacture of disk drives
with aredl dengtiesin the range of 100 to 150 gigabits per squareinch.

The introduction of thin-film heads took nearly 10 years. The trangition from that to magnetoresigtive
technology required Sx more years because of various technicad demands, including separate reed and
write elements for the head, a manufacturing technique caled sputter deposition and different servo

controls.

But the switch to giant magnetoresigtive drives is occurring much fagter, taking just between 12 and
18 months. In fact, IBM and Tashiba began shipping such products before the rest of the industry
hed fully converted to magnetoresistive heeds.

The quick trangtion was possible because giant magnetoresistive heads have required relatively few
changes in the surrounding disk-drive components. According to researchers, the progresson to drive
cgpacities of 100 gigabits per square inch will likewise be evolutionary, not revolutionary, requiring
only incrementa steps.

The Giant Magnetoresistive Head: An important discovery from I1BM
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After intense research and development, GM R-Giant Magnetoresi stance makes its mass market
debut in IBM's16.8-gigabyte hard disk drive for desktop computers[19].

The History of GMR

The"giant magnetoresistive’ (GMR) effect was discovered in the late 1980s by two European
scientists working independently: Peter Gruenberg of the KFA research indtitute in Julich, Germany,
and Albert Fert of the University of Paris-Sud . They saw very large resistance changes-- 6 percent
and 50 percent, respectively --in materids comprised of dternating very thin layers of various
metalic dements. This discovery took the scientific community by surprise; physcists did not widdy
believe that such an effect was physically possble. These experiments were performed at low
temperatures and in the presence of very high magnetic fields and used laborioudy grown materids
that cannot be mass-produced, but the magnitude of this discovery sent scientists around the world on
amission to see how they might be able to harness the power of the Giant Magnetoresistive effect
[19].

Stuart Parkin and two groups of colleagues at IBM's Almaden Research Center, San Jose, Cdif,
quickly recognized its potentid, both as an important new scientific discovery in magnetic materias
and one that might be used in sensors even more sengtive than MR heads.

Parkin first wanted to reproduce the Europeans results. But he did not want to wait to use the
expengve machine that could make multilayers in the same dow -and-perfect way that Gruenberg
and Fert had. So Parkin and his colleague, Kevin P. Roche, tried a faster and |ess-precise process
common in disk-drive manufacturing: sputtering. To their astonishment and ddlight, it worked!
Parkin' s team saw GMR in the first multilayers they made. This demondtration meant that they
could make enough variations of the multilayersto help discover how GMR worked, and it gave
Almaden's Bruce Gurney and coworkers hope that a room-temperature, low -field verson could

work as a super-sendtive sensor for disk drives[19)].

The key gtructure in GMR materidsis a spacer layer of anon-magnetic metd between two

magnetic metals. Magnetic materias tend to dign themsalves in the same direction. So if the spacer
layer isthin enough, changing the orientation of one of the magnetic layers can cause the next oneto
dign itsdlf in the same direction. Increase the spacer layer thickness and you'd expect the strength of
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such "coupling” of the magnetic layers to decrease. But as Parkin's team made and tested some
30,000 different multilayer combinations of different dements and layer dimensions, they
demongrated the generdity of GMR for dl transition metd eements and invented the Structures that
ill hold the world records for GMR at low temperature, room temperature and ussful fidds. In
addition, they discovered ostillations in the coupling strength: the magnetic dignment of the magnetic
layers periodicaly siwung back and forth from being digned in the same magnetic direction (pardld
dignment) to being digned in opposite magnetic directions (anti-pardld dignment). The overdl
resstance isrelaively low when the layers were in pardle dignment and relatively high when in anti-
pardle dignment. For his pioneering work in GMR, Parkin won the EuropeanPhysica Society's
prestigious 1997 Hewlett-Packard Europhysics Prize dong with Gruenberg and Fert [19].

Current Hard Drives, LaCie FireWire HDDs

LaCie, aBoston Manufacturer, has begun shipping the 3.5 inch 7200-rpm desktop hard drive, which
provides upto 75GB of capacity -- enough to store more than five hours of DV video, more than 100
CD-Audio images or more than amile-high stack of text documents. By enhancing the externd
75GB drives with a built-in FiréWire controller, LaCie provides digitd video, music and digita
imaging professiona s with a secure storage cgpability. The compact high-speed drive dso dlows for
exchanging large files such as high-resolution photos and digital videos with no risk of qudity loss. The
LaCie 75GB FireWire HDD can be connected to the native FireWire ports that are standard with
Macintosh G3, G4 and iMac DV systems as well as PCsincorporating Windows(R) 98 Second
Edition or Windows 2000. LaCies built-in FireWire controller is a400 Mbps interface that is based
ona 1394 to IDE/ATAPI bridge chipset.

LTO (Linear Tape-Open) Ultrium Tape Drives

IBM last week announced that its Linear Tgpe-Open (LTO) Ultrium tape drive was awarded the
XChange Xcdlence Award for "Best New Product, Hardware Divison™ at CMP's Solution
Provider XChange held in New Orleans. The LTO Ultrium tape drive was voted the best new
hardware innovation of the year, over compstitive products from more than 70 vendors attending the
show [19].

The LTO family of products conssts of: Ultrium Tape Drive with a cgpacity of up to 200 gigabytes
compressed Ultrium Tape Autoloader can hold up to seven tape cartridges (1.4 terabytes

- 15-



compressed) Ultrium Scaable Tape Library with a capacity of up to 72 cartridges (14.4 terabytes
compressed) UltraScalable Tape Library can hold up to 2,481 cartridges (496 terabytes compressed)
[19].

IBM's comprehensive family of L TO-based solutionsinclude tgpe drives and smdl, medium and
large tape-automation products thet leverage the Ultrium ultra high-capacity recording format. This
family is designed to ddliver exceptiond performance, widespread availability and a cost-effective
data Sorage solution [19].

Using Ultrium LTO products, customers can transfer information at 30 megabytes per second
compressed, which equates to an agtounding 172 miles per second. Thet rate is more than 8
megabytes/second faster than competitor Quantum's SDLT 220. IBM LTO products were
specificaly desgned for use in automated tape Storage libraries that employ sophidticated robotic
armsto autométically retrieve tapes. The process of selecting and retrieving the correct tapeis
reduced to seconds [19].

IBM was thefirst to market with LTO products less than ayear ago. The LTO Ultrium products
are the culmination of an indudtry initiative by IBM, Hewlett-Packard and Seagate to creste an open
industry-standard format for digita tape. It serves as an dternative to Quantum's proprietary DLT
and Super DLT formats. According to arecent andyst report, LTO Ultrium products are expected
to make inroads into market share currently held by Quantum, the dominant player in the midrange
market [19].

The LTO specification wasjointly developed by three of the world's leading storage technology
providers. IBM, Hewlett-Packard and Seagate [19].

The CD-ROM Technology

The Compact Disc-CD was invented in 1982 by two well-known companies, Philips and Sony. This
was an Audio CD, digitd audio. Soon the computer industry recognized thet the large amount of
digitd audio data could be replaced by digital computer deta[5].
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CD-ROM (Compact Disc Read-Only Memory) represents a new important tool for the storage,
retrieval, and the digtribution of information. CD-ROMSs can store and play back audio, video, graphic
images, digitd data, and digitized text. CDs contain computer data in the same way as the hard disk.
Compact Disks are usudly in the ISO 9660 format. Thisis adata format that was introduced in 1984
by the International Standards Organization (1SO). Since then it has succeeded in becoming awiddy
accepted cross-platform [5].

Because of the digita storage techniques used, CD-ROM can be used to retrieve dl types of digitaly
encoded data. The diameter of a CD disc is 4.7 inches (120 mm or 12 centimeters) and its thickness
is0.047 inches. CDsrotate at a condant linear velocity of 200 to 530 revolutions per minute [5)].

A single Compact Disk can store up to 600-700MB of deta and thisis equivdent of:
1500 5.25-inch floppy disks
450 35-inch floppy disks
200 books each containing 1,000 pages
10 computer magnetic tapes
275,000 pages of text

Types of Compact Disks

CD-DA : Audio CD, Digital Audio by Philips and Sony
Photo CD : Developed by Kodak and Philips

Video CD : Can hold around 70 minute of video footage
CD Extra : For Multimedia and developed in1996

CD-R : Well known technology for WORM disks
CD-RW : Rewritable (erasable)CD, developed in 1995

The Evolution of CD-ROM & DVD-ROM

1980/ CD-Audio Philips and Sony creste sandards for optical disk-based digita audio format [18].

1983/ CD Players Sony introduces the first audio CD player, priced at $1,000. Thefirst CD titleis
Billy Jod's 52nd Street.

1985/ CD-ROM Prilips and Sony announce the standard for compact disk-read-only memory for
computer data.
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1987/ CD-ROM Drive The CD-ROM format entersin the PC arena. Drives cost $1,000; the
read-only disks hold 650MB of data

1994 / 4X CD-ROM Drive Throughput doubles to 600 KBps. Pricesfor 4X drives areinitidly
$1,000.

1995/ 6X CD-ROM Drive Throughput rises to 900 KBps, with 6X drivesinitidly costing $600, but
these modd s are about to be usurped by 8X drives.

1996/ 8X CD-ROM Drive Throughput is up to 1,200 KBps, with the price of an 8X drive initidly
$400.

10X and 12X CD-ROM Dirives These drives have aclaimed throughput of up to 1,800 KBps. They
cost around $250.

CD-R Pricesfor compact disk-recordable drives drop beow $500. This technology lets mainstream
PC users create their own 650MB CD-ROMs for data archiving or distribution. The user can write
to each blank disk only once.

1997/ CD-RW Compact disk-rewritable (dso caled compact disk-erasable) drives and media let
users overwrite files on CDsthey have creasted. CD-RW disks are backward-compatible, letting any
standard CD-ROM drive read them.

DV D-ROM The paradigm shift to DVD disks begins. These read-only disks hold 4.7GB of data,
and the format is standard to both the PC and the consumer electronics markets. The drives can reed
legacy CD-ROM disks[18].

1998/ High-Capacity DVD-ROM Subsequent iterations of the DV D format increase capacities to
8.5GB for duak-layer designs, to 9.7GB for double -sded, sngle-layer implementations, and to 17GB
for double-sded, duatlayer designs[18]

DVD-RAM DV D-random access memory drives let users cregte their own 2.6GB DVDs. The
industry will likdy skip the write-once format and go straight to designing rewritable disks [18].

Digital Video Disc (DVD)
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Digitd Video Discor Digitd Versatile Disc (DVD), an opticd storage device that looks the same as
acompact disc but is able to hold about 15 times as much information and trandfer it to the computer
about 20 times as fast asa CD-ROM. A DVD, dso cdled a Super Dendty disc (SD), can hold 8.5
gigabytes of data or four hours of movies on asde double-sded and rewritesble DVD discs are

available now [30].

DVDs come in two formats. the DV D-Video format and the DVD-ROM (DV D-Read Only
Memory) format. The DVD-Video format is used for home movie entertainment through a DVD
player. DVD players are backward compatible to exigting technologies, o they can dso play Audio
CD and CD-ROM formats. The DVD-ROM stores computer data. DV D-ROM usesinclude
interactive games, video file sorage, and photographic storage; it is cdled the "digitd versatile disc”
because it can be usedin avariety of ways. Recently, DVDs are dso used to record dataon a
DVD-RAM (DVD-Random Access Memory) or DVD-R (DV D-Recordable) disc. When
compared to CD-ROM technology, DVD alows for better graphics, greater resolution, and
increased storage capacty [31].

Creating your own DVD

DVD ishow the smplest way to share the Movies with family, friends and coworkers. Thanksto
DVD technology, for the firg time ever there is a seamless solution from crestion to distribution of
movies. Now one can burn his’her own DV D-Video discs for playback on mogt standard DVD
players. Power Mac G4 Computers with the DVD-R/CD-RW SuperDrive are the first computers
to ship with everything needed to record DVD titles for playback on most sandard DVD players
[31].

The new DVD-R/CD-RW SuperDrive reads DVD titles at 6x (7.8 megabytes per second), and
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writes to 4.7-gigabyte DVD-R discs a 2x (2.6 megabytes per second). The SuperDrive aso reads
CDs at 24x, writesto CD-R a 8x, and writesto CD-RW at 4x. It supports DVD-Video, DVD-
ROM and DVD-R, aswell as CD-ROM, CD-Audio, CD-R, CD-RW, CDI, CD Bridge, CD
Extended, CD Mixed Mode and Photo CD media. That’swhy it's called the SuperDrive [31].

Power Mac G4 models with the built-in SuperDrive not only come pre-loaded withiMovie, they dso
give you Appl€ srevolutionary new iDVD software for creating your own DVD titles. Professonals
will want to augment that with Apple's“Final Cut Prd’ software (for sophisticated editing,
compositing and specid effects) and DVD Studio Pro (a complete set of interactive authoring and
production tools for producing professond-level DV Ds from gart to finish) [31].

Microdrive Technology

In April 2001, IBM unveiled the 1 GB Microdrive. They daim this microdrive is the world's smallest
hard disk drive and it has successfully completed two NASA shuitle missons. The one-inch
Microdrive was used to store hundreds of digita images taken by astronauts on the recent Atlantis
and Discovery shuttle missons. The drive was firgt subjected to a series of tests including high doses
of radiaion and surviving in a weightless environment. IBM designed the Microdrive for rdiability,
high performance and huge capacity - features that are essentia to mest NASA's rigorous standards
for criticd missons. The IBM Microdrive boagts capacities ranging from 340 MB to 1 GB, and
serves portable dectronic devices induding digitd musc players, digita cameras and persond digitd
assistants. The Microdrive also supports multiple data types including MP3, text, JPEG [19)].

Magnetic Tapes

Electromagnetism underlies technologies of grest importance to the computer industry. The history of
magnetic recording begins with Danish physcis Vaddemar Poulsen's patent gpplication for a
“Method of Recording Sounds or Signals’ in 1899. September 1900 issue of Scientific
American reported that Poulsen, invented a magnetic-wire speech recorder called the telegraphone.
Thisinstrument used severd hundred feet of fine sted piano wire wrapped around a brass drum of 5
inch diameter [9].

Magnetic recorders using sted wire or stedl tape were used in some speciaized aress, but the red
break-through came in the years immediately after the second World War with the replacement of
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wire, as a recording medium, by a thin flexible layer of plagtic tepe coated with a magnetizable
materid. Then innovations of the 1950s had made possible commercidly viable magnetic tape and
disk storage products. Before that time engineers throughout the industry pursued many goproaches
to storage that failed to find long term market acceptance ether because of the cost of converting
customer files from one medium to another or because of technologica limitations. Three of such
unsuccessful developments were hypertape, magnetic strip file, and photo storage [9)].

The Removable Disk Pack

In October 1962 IBM unveiled two disk packs, IBM 1316 and IBM 1311. These packs contained an
aray of sx disks and with its protective covering weighed less than 10 pounds. The ten recording
surfaces provided a storage capacity of 2 million characters (2 MB). A disk pack was the equivadent
in storage cgpecity of 25,000 punched cards of afifth of a tape red, served very well as auxiliary
storage in many system environments during 1960s [1].

Modular Storage Systems / Giga Screamers

In April 2001, Amdahl Corporation unveiled its modular storage system GSS 4900 known as the
"Giga- Screamer.” The Giga Streamer GSS 4900 is powerful enough to run demanding data-

w arehousing and media-streaming gpplications, and is configured with as many asfour storage
arrays, which can handle up to 240,000 1/Os per second or achieve deata rates well over a gigabyte
per second. The range of configurations alows customers to start smal and grow their capacity,
performance, and connectivity to huge levels. A capacity of 100 gigabytes, for example, can be
expanded to a massive 64 terabytes-over 500 times growth [24].

The design of the GSS 4900 includes its own integrated storage areanetwork (SAN), dlowing
connectivity to many open systems servers and enabling advanced storage management solutions. Up
to 48 100MB/second Fibre Channe ports can be configured. The integrated SAN gives customers
immediate access to the benefits of a SAN-improved performance, non-disuptive growth, a
centralized storage pool, centralized management, and LANIess and serverless backups-without the
chdlenges of designing, ingaling, and integrating their own SAN [24].
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The GSS 4900 integrates storage management software within the storage system. Advanced
Function Engines can carry out centralized backups to directly atached tape drives. This offloads the
customer's application servers and networks, and avoids contention on the LAN and SAN. The Giga
Screamer integrates industry-leading components from severa mgor partnersincluding servers from
Fujitsu, storage arrays from LS Logic Storage Systems, and I-SAN switches from BROCADE
Systems [24).

Storage Virtualization

Storage Virtudization is a powerful new tool which can be gpplied to both hard disk and automeated
tape orage devices. In storage virtuaization the user sees asingle interface, which provides alogica
view, raher than a physca configuration, of the storage devices. With virtudizaion techniques
implemented in software and in hardware, the user doesn't need to know how storage devices are

configured, where they're located, their physica geometry, or wheat their capacity limit is[23].

SAN-STORAGE AREA NETWORKS
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A SAN, or sorage area network, is a dedicated network that is separate from LANs and WANS.
It generdly servesto interconnect the storage-related resources that are connected to one or more
servers. It isoften characterized by its high interconnection data rates (Gigabitsy/'sec) between
member storage peripherals and by its highly scalable architecture. Though typicaly spoken of in
terms of hardware, SANs very often include specidized software for their management, monitoring
and configuretion [25].

SANS can provide many benefits. Centralizing data storage operations and their management is
certainly one of the chief reasonsthat SANs are being specified and deployed today. Administrating
al of the storage resourcesin high-growth and missont-critica environments can be daunting and very
expengve. SANSs can dramaticaly reduce the management costs and complexity of these
environments while providing sgnificant technica advantages[25].

SANSs can be based upon severd different types of high-gpeed interfaces. In fact, many SANs
today use acombination of different interfaces. Currently, Fibre Channd serves asthe de facto
standard being used in most SANs. Fibre Channd is an industry-standard interconnect and high-
performance sarid |/0 protocal that is mediaindependent and supports smultaneous transfer of
many different protocols. Additiondly, SCSl interfaces are frequently used as sub-interfaces
between internal components of SAN members, such as between raw storage disks and aRAID

controller.
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Providing large increases in sorage performance, state-of -the-art rdiability and scaability are primary
SAN benefits. Storage performance of a SAN can be much higher then traditiond direct attached
storage, largely because of the very high datatransfer rates of the electrica interfaces used to
connect devicesin aSAN (such as Fibre Channd). Additiondly, performance gains can come from
opportunities provided by a SAN's flexible architecture, such asload bdancing and LAN-free
backup. Even storage religbility can be greatly enhanced by specid features made possble within a
SAN. Options like redundant 1/0O paths, server dustering, and run-time data replication (local and/or
remote) can ensure data and gpplication availability. Adding storage capecity and other storage
resources can be accomplished eadly within a SAN, often without the need to shut down or even
quiese the server(s) or their client networks. These features can quickly add up to large cost savings,
fewer network outages, painless storage expansion, and reduced network loading [25].

By providing these dedicated and "very high speed” networks for storage and backup operations,
SANSs can quickly judtify ther implementation.  Offloading tasks, such as backup, from LANs and
WANSsisvitd intoday's IT environments where network loads and bandwidth availability are critica
metrics by which organizations measure their own performance and even profits. Backup windows
have shrunken dramaticaly and some environments have no backup windows a dl since entire deta
networks and gpplications often require 24x365 availability.

Aswith many IT technologies, Sans depend on new and developing Sandards to ensure seamless
interoperability between their member components. SAN hardware components such as Fibre
Channd hubs, switches, host bus adapters, bridges and RAID storage systems rely on many adopted
dandards for their connectivity. SAN software, every bit asimportant asits hardware, often
provides many of the features and benefits that Sans have come to be known for. SAN software
can provide or enable foundation features and capabilities induding:

SAN Management

SAN Monitoring (including "phone home" natification festures)
SAN Configuration

Redundant 1/0 Peth Management

LUN Masking and Assgnment

ServerlessBackup

Data Replication (both loca and remote)
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Shared Storage (including support for heterogeneous platform environments)

SAN HARDWARE

RAID Storage Sysiems SCEI to Fibre Channel Bridges

Host Bus Adaptors
ummln1n (i HetGr: Sondoe
T “““HIH:

LT LT

!
b

I

b

J.I'
swicros (P
Server

Hubs Fibre Channel
5%

Bridges
Tape backup Systems

SANs are built up from unique hardware components. These components are configured together to
form the physicd SAN itsdf and usudly include avanety of equipment. RAID storage systems,
hubs, switches, bridges, servers, backup devices, interface cards and cabling al come together to

form a storage system that provides the resources that facilitate the policies of an I'T organization

[25].

It isvery important to select the hardware devices (and their configuration) for a SAN with care and
condderation. Many of the "standards’ that are involved with SANs are concerned with
interoperability. Some of these sandards are gtill evolving and haven't been equally adopted by dll
manufacturers of equipment used in SANS. This can lead to difficulties when matching up devices
from different vendors and suppliers. Since SANs are typicdly just as dependent upon software for
thelr proper operation, it can ke vitd to secure the latest version information about software (and
firmware) and potentia competibility issues [25].

Working with companies that specidize in the design, integration and implementation of SAN
systems can provide great benefits. Firmsthat specidize in SANs are often familiar with the latest

software and hardware and can speed the process of successfully deploying SAN technology. By
working with other vendors, manufacturers and standards bodies, these SAN specidists can help
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ensure that the promised bendfits are redlized and successfully integrated into new or existing IT
infragtructures [25].
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Most contemporary SANsinclude RAID systems astheir primary data storage devices. These
systems have become highly complex. They offer the foundation principles that have come to be the
basic modern SAN. First, RAID systems offer data protection, or fault tolerance, in the event of a

component or 1/0 path falure. Thisis true even if fundamental dements, such as disk drives, fall in
the system. Additiondly, by way of numerous data striping techniques (described below), and
controller configurations, today's RAID systems offer very high performance, storage capacity,
scdability, and survivability. Other rdiability festures available in today's RAID systemsinclude
redundant cooling systems, power supplies, controllers and even monitoring circuitry. These, and other
features and characteristics, contribute dramaticaly to high data availability in a SAN. Modern

RAID systems can even permit the direct connection of backup equipment, thus facilitating LAN-
free and even serverless data backup and replication [17].

The roots of RAID technology can be traced back to Patterson, Gibson and Katz at the University of
Cdiforniaa Berkdley. The idess presented and explained in the paper involved combining multiple
amadl, inexpensve disk drivesinto arraysin order to provide festures that single drives aone couldn't
supply. These new features centered on improving 1/0O performance and automaticaly preserving the
contents of drives during, and after, drive or component falures [17].
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These drive arrays are presented to a computer as asingle logica storage unit (LUN) or drive.
Additiond benefits of drive arrays include the ability to make these arrays fault-tolerant by
redundantly storing detaiin various ways. Five of the array architectures, RAID levelsl through 5,
were defined by the Berkeley paper as providing disk fault-tolerance with each offering various trade-
offsin features and performance. Overdl, the idea was to improve the rdiability of the Sorage
system by significantly increasing the Mean Time Between Failure (MTBF) for the array and to
dramaticaly improve the storage system's performance. A sixth common type of RAID
architecture, RAID 0, has subsequently been defined that can subgtantialy improve the I/O
performance of an array but it provides no data protection should a hardware component fail. The
performance gains possible with RAID 0 arrays can be very dramatic. RAID 0 arrays areided for
goplications that demand the highest possible data throughput. Note that these applications must be
ableto tolerate possible data loss, and service interruption, if adrive or other component in the array
fals[17].

Data Striping in RAID

Fundamenta to the RAID concept is"striping”, amethod of dividing and ditributing data among the
arayed drives and effectively joining multiple drivesinto one logicd sorage unit. Striping involves
partitioning each drive's Sorage space into stripes that may be as smdl as one block (512 bytes) or as
large as severd megabytes. These dtripes are then interleaved in around robin fashion, so that the
combined space is composed of joined gripes from each drive. In most instances, the gpplication

environment determines the suitability of larger vs. smdler sripe Szes.

Most contemporary multi-user operating systems like UNIX, Solaris, NT and Netware support
overlgpping disk 1/0 operations acrass multiple drives. However, in order to maximize throughput for
acombined disk subsystem, its1/0 load must be baanced between dl of its member drives so that
eech drive can be kept as active as possible. High pardldism during 1/0 operations generdly
trandates into much greater performance [25).

In multiple drive systems without striping, the disk 1/0 load is dmost never perfectly balanced. Some
driveswill contain data that is frequently accessed while other drives will only occasiondly be
accessed. During intense 1/0O operations, performance can be optimized by gtriping the drivesin the
array with gripes large enough o that each record potentidly fals entirdy within one stripe segment.

- 27-



Thishelpsinsure that dataand 1/0O operations are evenly distributed across the arrayed drives, thus
dlowing each drive to work on separate |/O operations at the same time, thereby maximizing the
number of Smultaneous I/0 operations that can be serviced by the array. By contrast, in data-
intensve gpplications that access large records, smaller stripe sizes can be used so that each record
will span across many, or dl, of the drivesin an array with each drive storing only part of arecord's
data. This can dlow long record accesses to be performed faster, since the data transfers can occur
in pardld on multiple drivesin the array. Applications such as digitd video editing, audio/video on
demand, imaging and data acquisition that employ long record accesses are examples of applicaions
that often achieve gotimum performance with smaler stripe szes. Unfortunatdly, smdler stripe Szes
typicaly rule out multiple overlapping I/O operations snce each 1/0 will typically involve dl of the
drives [25].

SWITCHES, HUBS AND BRIDGES

Bridges

More and more, the design and deployment of SAN technology involves incorporating specidized
interconnection equipment. This category of devices often includes Fibre Channd Hubs, Switches
and Bridges. Thishardwareis generdly responsible fa linking together the data Sorage peripherds,
such as RAID systems, tape backup units and servers within a SAN.

These interconnection devices are somewhat anaogous to their LAN-related counterparts. They
perform functions such as data frame routing, media and interface conversion (i.e. copper to opticd,
Fibre Channe to SCSl), network expangon, bandwidth enhancement, zoning, and they dlow
concurrent datatraffic. Just as customers today are more involved in the design and implementation
of their LANs and WANS, they are dso looking a these building blocks of SANsto creete their
own SAN solutions [25].
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Fibre Channd HBAS, hubs, switches, and FC/SCS bridges are some of the building block
components with which IT adminigtrators can develop SAN-based backup solutions, server clugers,
enhanced bandwidth, extended distance and other gpplication driven chalenges. Sdecting the
gppropriate pieces to address these issues requires an understanding of what each component can
do. When, for example, isafabric switch a better solution than a hub? When should hubs and
switches be used in combination? There are no universal answers to these questions, but
understanding the architecture and capakiilities of switches, hubs and bridges provides a bass for
meaking appropriate choicesfor SAN designs.

Backup Solutions

One of the mogt vauable time- and cost-saving features of a SAN architecture isits ability to offload
backup operations from aLAN and/or backup servers. This capebility can sgnificantly increese the
amount of LAN bandwidth available to network clients and end users during backup operations.
When backup servers are relieved from the "data mover" role, they become more available for other
productive tasks.

L AN-free and serverless backup solutions optimize backup operations by offloading backup data
traffic from aLAN, thereby increasing the amount of LAN bandwidth available to end users.
Serverless backup extends these performance gains by removing more than 90 percert of the backup
adminigtration overhead that is usudly placed on a backup server as backups are performed. Thisis
achieved by incorporating some of the backup intelligence into the data orage or connectivity
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peripherds themsdves. This can sSgnificantly free up backup servers by releasing them from large
portions of a backup operation's adminigtration and data moving chores. Using these SAN based
backup solutions lets adminigtrators optimize network and server utilization.

SANS’ Background

Traditiond backup operations place the application server, the backup server and the LAN dl inthe
data path. Consequently, asthe amount of storage grows, the amount of time and network resources
needed to back it up grows. Now that businesses and organizations have moved toward 24 x 365
operation, backup tasks are competing with critical business applications for server time and network

resources. Invariably, this causes network congestion and can result in business dowdowns.

For "serverless' backup operations, host computers (servers) do not "handle” or touch the backup data
itself. Ingtead, these hosts merdly direct and monitor the backup without actualy moving the data
The backup datais copied directly from disk to tgpe, or disk to disk, by the storage peripherds
themsdlves using intelligence that is incorporated into them. Optiondly, this intelligence can even be
placed indde of other SAN components, such as Fibre Channe switches or hubs. Freed from the
routine data transport burden, server resources can be put back to more productive uses. Or, in other
words, the backup or tape server is delegated the role of "backup coordinator,” rather than data
mover. Serverless backup takes L AN-free backup a step further since it removes backup traffic
from both the LAN and the backup server.

By contrast, with smple "LAN-free" backup operations, the backup and restore data (traffic) is
removed from the LAN but gill flows through the administrating server as it moves between data
dorage and backup devices. The benefit hereis ill valuable, Snce backup traffic is taken off of the
LAN, reducing LAN congestion. While both serverless and LAN-free backup keep backup data off
of the LAN, only the serverless backup frees up the administrating server as well - placing the deta

movement tasks onto the smart peripherds.

Specificaly, smarter peripherads can now perform much of their own backup by supporting newer
technologies and API's - such as the "extended copy command,” a Storage Networking Industry
Association specification thet |ets data be moved between storage devices on different buses. The
backup server issues the command to a data mover in the SAN, and then removes itsdlf from the
datapath. Thisway only the source, destination and SAN devices areinvolved. The condraints
related to the memory, 1/0O and CPU performance of the backup server itsdf are diminated asthe
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data moves through a high-performance copy device or agent that is optimized for data movement.
Thelogic hereisfairly obvious snce this frees up the backup server for other business-critical
applications, and supports server consolidation. The dedicated backup server is no longer needed.
Additionaly, backups can complete much more quickly over higher speed networks- such as Fbre
Channd.

Serverless backup systlems can dso provide additiond cost savings by dimingating expensive, high-end
servers. Another advantage unigue to the serverless backup architecture isits ability to stream the
same data to severd tapelibraries or other targets Smultaneoudy, even if they are geographicaly
separated, without the need for copying and moving the actud tapes - an important advantagein
disaster recovery plans.

Backup Hardware in SANS

Mechanicaly, backup equipment used in SANs istypicdly the same as that used in conventiond
configuraions. What is different, however, is how these devices are interfaced to their host servers
and client storage systems. Since most contemporary SANS are connected together using Fibre
Channd, and since many backup devices use SCSl interfaces, some type of bridge is often required.

These bridges perform the dectricd, and any protocol, conversons required between the disparate
buses or channels. There are many bridge manufacturers that supply these units, but it isvita to
confirm competibility with the sdected backup device(s) befare attempting to configure the units
together or specifying units for purchase. This SAN topic has many cavests and is often an area that
benefits from direct experience. SAN consultants, equipment vendors, and SAN solutions providers
can be excdlent sources for this type of competibility information.

If aserverless backup solution is being consdered or designed, it isimportant to note that some of
these bridge manufacturers offer "smart” units thet include built-in copy functions. As mentioned
above, this set of featuresis generdly required for true serverless backup. In practice, small
goplications running on a salected server activate and ingtruct these copy agents remotdly, then Sit
back and monitor progress while the smart bridge, or smilar device, moves the data

These software, or firmware, copy agents can even be found in certain Fibre Channel switches and
hubs. There are some software companies that have even developed specia programs that can be
‘downloaded' into these units to give them these independent copy capabilities. With dl of these

- 31-



options available, one can see the importance of sdlecting components very carefully.  First time
SAN adopters may want to consder consulting with SAN specidists before purchasing this type of
equipment for deployment in a backup solution.

Though SAN backup solutions typicaly employ atgpe server, tape library, and disk-based storage
attached together with aFibre Channd infrastructure, it is becoming fairly common for backup
olutions to indude disk to disk copies. With today's backup windows shrinking and I T policies caling
for remate ste replication, backup can now mean much more than just making tapes. Backup can
now include data replication to locd or remote disk Stesvia WANS, disk to disk backups thet
accommodate offline data processng and short backup windows, or dl of these a the sametime.

Patents on Storage Related Devices in 2000

IBM w as awarded with over 400 storage-related U.S. patentsin 2000 [18].
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