WO 02/ 17315 PCT/ USO01/ 26262 Intelligent Data Storage Device Rel ated
Applications This application clains priority of United States provisional
appl i cat ivomoBenial Nunber 5 60/227,622, filed August 23, PeDO08o1/F62@ d of
the Invention This application relates generally to disc drives and nore
particularly to an intelligent storage elenent. Background of the
Invention 10 In the field of data storage, self-contained, integrated,

adapt abl e data storage units are not dvailable. Typical hard disc drives
are not adaptabl e because they do not allow for application custom zation.
Application data storage technol ogy does not allow for easy portability
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15  unit itself has no functionality beyond storing what it is directed to store. Inefficiencies exist
because of layers of abstraction in the interface. For example, the application data stored on the
data storage device is removed from the processing and presentation of that data, which is
typically carried out by the connected computer. A
‘ Traditional approaches to computer technology have discouraged portability of

20  application data because the application that processes the data is not coupled to the application
data. Typically, an application running on the computer is user or computer platform dependent.
As a result, data on the disc drive may be presented differently from computer to computer. For
example, a user may develop application data on one computer only to have the data be presented
differently on another computer because the application software is set up differently on the other

25  computer. Consequently, the application data is not personalized. The problem of portability is
also demonstrated by the typical difficulty faced by users while installing a hard disc drive.
Typically, when a hard disc drive is installed in a computer, significant effort must be expended
in configuring the disc drive to wc;rk properly with the computer. Installing a hard disc drive
typically involves rebooting the computer and can involve reconfiguring the computer system

30  disc drive interface to recognize the hard disc drive. This problem arises because the disc drive



typically involves rebooting the conputer and can involve reconfiguring the
conputer system 30 disc drive interface to recognize the hard disc drive.
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user-specific applications. Typlcal hard disc drives are not customizable. For example, a typical
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hard disc drive cannot be programmed to behave as a web server. Applications that use a typical
data storage device must provide an additional interface to use the data storage device in a
20  specialized or dedicated application. Additionally, data storage device manufacturers have not
been able to take advantage of the trend toward miniaturization that has occurred in the computer
industry while simultaneously increasing the functionality of the data storage devices.
Accordingly there is a need for an intelligent storage element that provides improved

portability, adaptability, and personalized application data.



WO 02/17315 PCT/ USO1/ 26262 -3 Summary of the Invention Against this
backdrop various enbodi nents of the present invention have been devel oped.
Vari ous evéoorimsehts of the present invention relate to tiporigoicweq i ng
application data stored on a hard disc drive with the application that
processes and presents the application 5 data. By tightly coupling the data
with the application, a hard disc drive can be viewed as an intelligent
storage el enment, serving a custom zed ﬁﬁrpose. The intelligent storage

el ement enabl es i nproved portabié [ t¥ pfofrt)ﬁergonatli zed application data.
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Description These and various other features as well as advantages which characterize the present
invention will be apparent from a reading of the following detailed description and a review of

15  the associated drawings.

Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive incorporating an embodiment of the present invention
showing the primary internal components.

FIG. 2 is a functional block diagram of the disc drive of FIG. 1.

20 FIG. 3 is a functional block diagram of the intelligent storage element of FIG. 1.

FIG. 4 illustrates a suitable computing environment for the disc drive of FIG. 1.

FIG. 5 illustrates a distributed processing system implementing the disc drive shown in
FIG. 1.

FIG. 6 is a flow control diagram illustrating exemplary method steps involved in a

25  distributed processing system such as the system shown in FIG. 5.

Detailed Description

A disc drive 100 constructed in accordance with a preferred embodiment of the present
invention is shown in FIG. 1. The disc drive 100 includes a base 102 to which various
30  components of the disc drive 100 are mounted. A top cover 104, shown partially cut away,

cooperates with the base 102 to form an internal, sealed environment for the disc drive in a



A disc drive 100 constructed in accordance with a preferred enbodi nent of
the present invention is shown in FIG 1. The disc drive 100 includes a
base 102 woomiiseh vari ous 30 conponents of the disc drivep@DUS@arsm26ount ed.
A top cover 104, shown partially cut away, cooperates with the base 102 to
forman internal, sealed environnment for the disc drive in a WD 02/ 17315
PCT/ USOL/ 26262 -4 conventi onal manner. The conponents include a spindle
notor 106 which rotates one or nore di%cs 108 at a constant hi gh speed.
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The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for

extended periods of time. The heads 118 are moved over park zones 120 near the inner diameter
of the discs 108 when the drive motor is de-energized. The heads 118 are secured over the park
20  zones 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation
of the actuator assembly 110 when the heads are parked.
A flex assembly 130 provides the requisite electrical connection paths for the actuator
assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation.
The flex assembly includes a printed circuit board 132 to which head wires (not shown) are
25  connected; the head wires being routed along the actuator arms 114 and the flexures 116 to the
heads 118. The printed circuit board 132 typically includes circuitry for controlling the write
currents applied to the heads 118 during a write operation and a preamplifier for amplifying read
signals generated by the heads 118 during a read operation. The flex assenibly terminates at a flex
bracket 134 for communication through the base deck 102 to a disc drive printed circuit board

30  (not shown) mounted to the bottom side of the disc drive 100.



assenbly 110 while allow ng pivotal novenment of the actuator assenbly 110
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214 vi a e 1 nput ommuni cat es
transmitters, and data buffers to receive, send, and store data. The input/output module 210 is

connected to a communications link 214 via which the input/output module 210 communicates
with nodes communicating on the network 212. A node can be any computerized device,

20 including, but not limited to, a computer, a cellular telephone, a personal digital assistant, or
another intelligent storage element. The communications link 214 can be any communications
connection including, but not limited to, a direct wired connection, a packet protocol wired
network, or a wireless network. Connected to the ISE 202 is a power supply 216 supplying
power to the ISE 202. The power supply 216 is preferably a small form factor power adapter

25  converting alternating current power from a power source 218 into direct current power
compatible with the ISE 202.

One embodiment of the ISE 202 includes the Linux operating system (OS) and
communicates over a local area network (LAN) 212 via an Ethernet connection 214. Nodes
communicating on the LAN send and receive data to and from the ISE 202. The input/output

30  module 210 may support any communication protocol, including, but not limited to, the hypertext

transport protocol (HTTP). Thus, the ISE 202 may have one or more uniform resource locators
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advantage of the method and system of accessing the data storage disc 204 to make file retrieval
and storage more efficient and faster than prior art approaches.
FIG. 3 illustrates an environment 300 in which an exemplary embodiment of the ISE 302
20  may be implemented. The exemplary intelligent storage element (ISE) 302 is connected to a
docking station 304 providing connections to a number of system components. The docking
station 304 preferably includes a connector port 306 mates with a connector (not shown) on the
ISE 302. Examples of system components in operable communication with the ISE 302 via the
connector port 306, are a keyboard 308, a mouse 310, a monitor 312, a printer 314, and speakers
25 316. A connection 317 to a modem 318 may also be provided by the docking station 304, so that
the ISE 302 is in operable communication with a remote computer 320 via a wide area network
322. The connector port 306 may also provide a connection to a local area network 324 that
provides communication to the remote computer 320. The remote computer 320 may have
remote application programs 326 that the ISE 302 can access via one of the networks (322 or
30 324).
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basic routines that help to transfer information between elements within the ISE 302, such as

during start-up, is typically stored in ROM. RAM typically contains data and/or program
modules that are immediately accessible to and/or presently being operated on by CPU 328.

20 By way of example, and not limitation, FIG. 3 illustrates data items such as an operating
system 338, application programs 340, program data 342, and a disc buffer 343. These data items
of the system memory 331 may each be physically located on different memory media, or in
different partitions of the same memory media. For example, the operating system 338 and
application data 340 may reside on the disc 108, while program data 342 may reside on an

25 EEPROM in the ISE 302. At power up, the CPU 328 may load the operating system 338 into a
synchronous dynamic random access memory (SDRAM) chip and execute the operating system
338 from the SDRAM. Similarly, an application program 340 may be loaded into and executed
from a faster memory chip as applications are used. Advantageously, memory may be integrated
in the ISE 302, which thereby allows for compression of the memory model and elimination of

30  redundant components. Itis further envisioned that the disc buffer 343 may be unnecessary in

specific implementations of the ISE 302 because of component integration provided by the ISE
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optimized for a particular application or type of ISE. The embodiment shown in FIG. 3 allows
for tight coupling of the operating system, the file system, and the disc media. Consequently, the
logical block address (LBA) abstraction is not required. The file system may be designed or

20  modified to take advantage of the intimate knowledge of the hard disc assembly (HDA)
implementation. The details of locating a logical block address can be embedded in the file
system of the ISE and, thus, is transparent to a user of the ISE. For example, LBA 1 need not be
physically adjacent to LBA 2. Consequently, the ISE can be made more efficient and faster in
disc accesses.

25 An alternative embodiment of the system shown in FIG. 3 is a kiosk system wherein
kiosks are available at various sites and the small, lightweight ISE 302 can be carried to the kiosk
sites. For example, a kiosk may be on the back of an airplane seat to allow users of ISEs 302 to
dock into the kiosk and do computing on the airplane. The kiosk may be functionally similar to
the Adocking station 304 in that the kiosk may also provide video, sound, printing, networking,

30 keyboard, and mouse functions.
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424, 426, 428, and 430, and then to a read/write channel 434, which encodes and serializes the

data.

O

The read/write channel 434 also provides the requisite write current signals to the heads

20  436. To retrieve data that has been previously stored by the ISE 402, read signais are generated
by the heads 436 and provided to the read/write channel 434, which processes and outputs the
retrieved data to the interfaces 422, 424, 426, 428, and 430 for subsequent transfer to the bus 404,
As also shown in FIG. 4, a microprocessor 438 is operably connected to the interfaces 422, 424,
426, 428, and 430 via system communication line 440. The system communication line 440

25  typically comprises control lines, data lines, and interrupt lines. The microprocessor 438 can be
any microprocessor known in the art, including, but not limited to, Motorola or Intel
microprocessors. The microprocessor 438 provides top level communication and control for the
ISE 402 in conjunction with programming for the microprocessor 438 which is typically stored in
a microprocessor memory (MEM) 442. The MEM 442 can include random access memory

30  (RAM), read only memory (ROM), and other sources of resident memory for the microprocessor
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storage avenem31i| SE) 402 is connected to a conmuni cati ORPETEE/2%6062 Wher eby
the | SE 402 interfaces with a nunber of conponents conmunicating via the
bus 404. Exenpl ary conponents on the bus 404 are a 5 keyboard 406, a

poi nting device, such as a nouse 408, a nonitor 410, a MODEM 412, and a
renote conputer 414. The | SE 402 includ&s a connector port 416 that is
operably connected to the bus 404. The connector port 416 functions to
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4, a mcroprocessor 438 is operably connectéd to the interfaces 422, 424,
426, 428 knavidiBoari By 3y oberagplenandinobefilgntatipmdheigmoteThmputps4ldiean be a

comuni cag. | i 4 t Ypi | SEes l.Lnes l i nes,
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M croprocessomhd R #rfabe 428 ProfBrablgidcYudsd Wi &ark Bnd software operable to interact with
peripheral devices that may be connected to the bus 404. Peripheral devices may include, but are
not limited to, speakers, printers, scanners, and digital cameras. The IDE interface 430 preferably
20  includes hardware and software operable to interface with an IDE bus. In one embodiment, the
IDE interface 430 serves to interface between the other interface modules 422, 424, 426, and 428
and the microprocessor 438..
FIG. 5 is a suitable network environment 500 for implementing an embodiment of the
present invention. The environment 500 in FIG. 5 is particularly suited for distributed processing
25  applications. FIG. 5 illustrates a cluster 524 of intelligent storage elements 501 in operable
communication with each other via a bus 502. When multiple intelligent storage elements are
connected to a network or communications bus, processing may be distributed among the
intelligent storage elements. This allows for parallel processing using multiple processors, and
can improve computing performance.
30 Intelligent storage elements (ISEs) 501 are connected to a bus 502 providing

communications among the ISEs 501. The bus 502 includes connection points 504 compatible
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Addi tionally, the mcroprocessor 438 provides control signals for spindle
and servo control 444. The I SE 402 in the enbodinent of FIG 4 is
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one or more of the ISEs 501. By way of example, and not limitation, the communications

network 503 can be a wired network, a direct-wired connection, or a wireless network. Examples
of wired networks are Ethernet or telephone networks. Examples of wireless include acoustic,

20 REF, infrared and other wireless media. Preferably, the communications network 503 and the ISEs
501 support a protocol such as hypertext transport protocol (HTTP), transmission control
protocol/internet protocol (TCP/IP), file transfer protocol (FTP), or network file system (NFS).
Each ISE 501 is connected to the network 503 via a network connector 522. Examples of
network connectors 522 known in the art are RJ-11, RJ-45, or RJ-48. Each ISE 501 can maintain

25  aseparate connection to the network 503.

Preferably, each ISE 501 has an associated unique identifier, whereby bus data can be
associated with a particular ISE 501. In one embodiment, the identifier is an internet protocol
(IP) address. Nodes on the network 503 use the IP address of the master ISE 506 to communicate
to the cluster 524. The master ISE 506 receives data from the network 503 and, in response,

30 distributes the data to an associated ISE 501. The master ISE 506 typically attaches an identifier
to any data sent to a particular ISE 508 so that only the particular ISE 508 listens to the data.



25 applications. FIG 5 illustrates a cluster 524 of intelligent storage
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based systen,i in determining how to distribute tasks. A rule-based system may take into account

_the processing power of particular ISEs in determining whether to distribute an image processing
task to an ISE. Processes may be distributed dynamically or statically. For example, the master
20  ISE 506 may employ rules to distribute a task each time a task is received on the bus 502.
The embodiment of FIG. § allows for failure recovery. Failure recovery involves
substituting one ISE for another if one the ISEs fails. For example, if the master ISE 506 fails, a
backup ISE 508 can become the master ISE 506. The backup ISE 508 preferably has data
representing the priority and distribution of tasks to the ISEs 501. Thus, the ISE 506 and the ISE
25 508 may be redundant masters.
Also shown in FIG. 5 are components connected to the communications bus 502.
Exemplary cdmponents are a monitor 510, a keyboard 512, and a mouse 514. The keyboard 512
and the mouse 514 are connected ;co the bus 502 with connectors 516. The connectors 516 can be
PS-2 connectors commonly used in computer systems. The monitor 510 is connected to the bus
30 502 via a connector 518. The connector 518 can be a 15 pin D connector commonly used in most

computer systems. The monitor 510, keyboard 512, and mouse 514 allow a user to interact with



20 RF, infrared and other wreless nedia. Preferably, the conmunications
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B; gg 2:: i ﬁggﬁgﬁf e”ltra?i%st tli{%/tg?d)yt?)e ggsg@:e]% F@RL hsgﬁhfng @Eerat%ﬁ%G %y%ggh}; co%%te\?‘t)arslgs,
including, but not limited to, word processing, e-mail, computational, or billing tasks. Ina
distributing operation 608, the initial master ISE 506, or a secondary master ISE 508, receives
data from the communication bus and distributes the data to an associated ISE 501. Ina
20  determining operation 610, it is determined whether the primary master 506 has crashed.
Preferably, the determining operation 610 is performed by one of the other ISEs, such as the
secondary master ISE 508. If the primary master ISE 506 has not crashed, the distributing
operation 608 continues to distribute data. If, on the other hand, the master ISE 506 has crashed,
a switching operation 612 switches from the primary master ISE 506 to the secondary master ISE
25 508. The secondary master ISE 508 then distributes the data in the distributing operation 608.
Processing continues in this fashion until the cluster 524 is powered down.
In summary, an embodiment of the present invention may be viewed as a data storage
device (such as 202) that has a data disc (such as 204) mounted on a baseplate (such as 102). The
embodiment may include an actuator arm (such as 114) that carries a transducer (such as 118) for

30 .reading and writing data from and to the data disc (such as 204). An embodiment may further
include a printed circuit board (PCB) fastened to the baseplate (such as 102) having a servo



15 application program may be executed by the entire cluster 524, wherein
subtasks within the application programare distributed anong the | SEs
501. The w@82/€1313 SE 506 can enpl oy a rul e- based system i PCO®S@&rasR62i ng how
to distribute tasks. A rul e-based system nay take into account the
processi ng power of particular ISEs in determ ning whether to distribute an
i mage processing task to an | SE. Processes may be distributed dynamcally
or statically. For exanple, the nmaster -120 | SE 506 nmay enploy rules to

distribute a task each tine a task js reﬁeived on the bus 502. The
enbodi merfloreliee(sch a5 3 Gakcap semmypicsfe §ith deqg@plor apyisydias 1AdBMOrg thenvol ves

substi t utdoREPBgn brak tteata YRR YARA ad io@.ﬂﬁuﬁﬂaﬁ ah SebodiRbhtSnay ifludsaRtE, 1 f_the
master | SE 506 fails, a backup | SE 508 can becone the master |SE 506. The

backup | SEo&sgngurat(EPED (spchhass3 28 pecancatesige dwdiiiB gegetatieg gmirol signalsdathe servo
distributio f tasks, 10 the I.LSEs 501.. Thu he | 5 and the | SE 25
508 mmy. SO R Tl re i B SR 55 s BRI ¥ BBnnect ed
to the coBushak 638)intHyDeBtoged3h 2 menboxeEIEhads B3 L)0 IMhe Refiosy Maefugthérd @ 510, a
keyboard 512, and a nouse 514. The keybo% and the nmouse 514 are

d 512
connect edPPECatiAR PY9gRm5Euch g SH0) it ficopfisele %‘1‘6‘.‘3 CPReGedmséedspdhatths can be

PS-2 con%@ﬁ&ﬁgn 9% sYchUs 890) by TR Ethe BYBTL(GIFR as 328, m@@aétygtoé%&dévfce
connected to the bus 30 502 vi'a a connector 518. The cConnector 518 can be a
15 pi n D maéthreonencted dorpremupuniestigny petwerkisuck asd?d) end ingludeamsinputioetpatoni t or
510, key , e 0, S t Q. hateract W 02/ 17315
PCT/ USO 1%@‘262(%&&‘1%%3%6@%%’% ‘.’%?@m?%a#n*.y’vﬁg‘%en@@%eag peffigco ()C&eraet(}:grerpl e, a
NDUS e1¢p0i cohdtunimatiesevtwdil GoeH s824puse 514 sends a signal carrying data
representing the _nouse nnvenen%?to the master | SE 506 Ef 502. The

Vi he b
mast er | SE 506 GEFEFRPGIEECT 2y be KiE™et giafompyicr Hsenygich e 00 Rt 3 b ¢ he
present atdo@]@in? Bradi §HE( st Bmg that Bas al AR H6# (JustE36) @o&@e!aivtirtgemas@ma%éﬂe
signal to an ISE 501 that perforns the task of updating the nonitor
pr esent atdesige §uch #5a302). hErerfslastorgesidayies (sedrrs B2)magydhar e @ micrepracesson(spelsist i on.
A power I } . royvi r Es
500 The Bh ettty (i PANRE G bURI TR BELN I8 BEE Lok BebTB doe,
adapt & pnowipcicagodisudhes 328)uThe nperftDE)sygpamvesuch 451338) i6 preerahily opeeatdd toonal f | ow

600 il uséxrec%[tei Qp ligaéi%n Loag;a%lsr{segcg 29 34?05.6 rl)'ﬁe 1i119:¥<%r<¥c%sdso; @ugl as 328) executes the
operating system (such as 338). Further included may be an input/output module (such as 332)
operably connected to a communications network (such as 324), and a data storage disc (such as
104). The data storage device (such as 302) is preferably connected to the network (such as 324).

20  The computer system may further include a connection (such as 306) to a communications
network (such as 324).

An embodiment may also be viewed as a method of distributing (such as 600) computer

processing tasks by connecting (such as 604) intelligent storage elements (such as 501) to a
communications bus (502), assigning (such as 606) tasks to each of the intelligent storage

25  elements (such as 501), and distributing (such as 608) data among the intelligent storage elements
(such as 501) based on the assigning (such as 606) of tasks. An embodiment may further include
determining (such as 610) if a primary master intelligent storage element (such as 506) has
crashed, and engaging (such as 612) a secondary master intelligent storage element (such as 508)
if the primary master intelligent storage element (such as 506) has crashed.

30 It will be clear that the present invention is well adapted to attain the ends and advantages

mentioned as well as those inherent therein. While a presently preferred embodiment has been



10 distributed processing systemsuch as the systemshown in FIG 5. |SEs,
such as the | SE 501, are connected on a communi cation bus in a connecting
oper ati ow@02173#h assi gni ng operation 606 assigns prioriPCRYS@mMd262asks
anong the | SEs 501. Preferably a primary master |ISE, such as the primary
master | SE 506 assigns the priorities and tasks anong the I SEs 501 in the
assigning operation 606. During the assigning operation 606, a secondary
master | SE, such as the 15 secondary medter 1SE 508, is assigned a task of
nonitoring the. prinmar ter. | SE 506. f o, prope eration,. Tasks .t.hat may
be. aser gnibatrtia s btes TR il i Rt PR moRGH b By o AR

i ncl udi ngare el within the Stbpecst theopressat Elvyation. e F61 sxgmpk; MR idiclligeiiapd dlahadt, or
billing tasks, In a distributing, operation 608, the initial master |SE
506, or aCiEARGKGAPGOTIRPPE COMBRENIAEODS modle P IdIREGOmmGHIPHAMOB N cat i on
bus and ddoﬂfbhé?ﬁktc%ﬁnéct’é% t6l@h@wbik. #sA 88 AR BLstdrte et bah BivERsdli§r M ni ng
operation 610, it is determ ned whether the prinmary nmaster 506 has crashed.
Pr ef erfabl fodultyie pretecs theipmivaqy of theruser dfvngiays pdienehangss may boynadewhish wilhe ot her
| SEs, su O 1 ot | master. | SE 506
has not gljreg{g esgéjk%%tﬁlz I stg ﬂoﬁlﬁ%?%%ﬁédo%gg aa?'?aglg V}g%cél a(?%%{{a{)}ﬁl egé/dtlg%% I Sg{nrt ’but e
dat a. |f,themvtiimndishlesedradds dd¢fined ineth¢ gppehds clhifs. has crashed, a switching
operation 612 switches fromthe primary nmaster | SE 506 to the secondary
master | SE 25 508. The secondary naster |SE 508 then distributes the data
in the distributing operation 608. Processing continues in this fashion
until the cluster 524 is powered down. In summary, an enbodi nent of the
present invention nay be viewed as a data storage device (such as 202)
that has a data disc (such as 204) nounted on a baseplate (such as 102).
The enbodi nent may include an actuator arm (such as 114) that carries a
transducer (such as 118) for 30 reading and witing data fromand to the
data disc (such as 204). An enbodinent may further include a printed
circuit board (PCB) fastened to the baseplate (such as 102) having a servo
WO 02/17315 PCT/ USO01/ 26262 -14 controller (such as 334) that can

comuni cate with the actuator arm (such as 114) to nove the actuator arm
over the data disc (such as 204). Further, an enbodi nent may include a
central processing unit (CPU) (such as 328) connected to the PCB
generating control signals to the servo controller (such as 334) and
runni ng an operating system (such as 338). The operating system



5 (such as 338) may be stored in a nenory (such as 331). The nenory may
further store an application program (such as 340) that is connected to
the CPU Wwaoliizmss 328) so that the application program (SRChUSG1/234€2) may be
run by the CPU (such as 328). The data storage device mnamy be connected to
a conmuni cations network (such as 324) and include an input/output nodule
(such as 332) that can conmunicate to a node (such as 320) that is
connected to the 10 comuni cati ons netwd#-k (such as 324). Anot her

enbodi mrent may be viewed as a conputer system (such as 300) that includes a
docking station (such as 304) that has a connector port (such 306) for
receiving a data storage device (suclyfss302). The data storage device
(such as 302) may have a m croprocessor (such as 328), a nenory (such as
331) storing aWhadperlampdig: syst em (such as 338) that is connected to the 15
m croprocessor, (sugh,.as.328). The operatin ch, as, 3 i
preferably opelf abl CeAC}a% St%%%dﬁtv & gnpapﬁlg%gatc:m(r)%ssg%@ggg%né éa‘({%rﬂlé%] tgréa’g%%fjo(jn.% h‘?]tge

m cr opy ociasieetowisily: as 328) executes the operating system (such as 338).
Furt her included maybe .an input/out put dul.e (such as 332) operably
connected to a conﬁﬂﬁ?é‘&?F%ﬂgﬂﬁméacto?gﬁaéwlgg; 324), and a data storage
disc (such as 104)p actidorddhadmtedt AR SeVdiSEoaliSME B 1afsdd02 Yorr&adpigahar abl y
connected to the network (such _as 324). 20 The conputer system may further
i nél ude affe®ArbEElingatatiadle dd2 88%6) to a conmuni cations network (such as
324). An enbodi nen 2 [ fradi St I ' ch as
600) conputer pr o% glggt?(ri\ gﬁflgts@?d\@e%gﬁﬁg‘%? ??121%?35 ugﬁ%ahé g%l%%l)Sér?ﬁ %‘gﬂﬁ?}lé%ﬁt

st or atfe edperablstcompranichticnswitipthy attoater anodonmoevingthé artsatinegsm 0562)e datasdisagni ng -

(such as 606) tasks t ach of thedntellige t e 25 ele t.s (such as
501y, and di st ri but Prgel 2tce e MEGPth Spire bl i RERRR B E sETR i

el ements ( sugle sefoTOdiyolleasRiudfing freopefsihg fisteeh; asdich as 606) of tasks. An
enbodi ment may further include eterm nin such as 61 {f a primry
master intelligent PSPGPAHEMS a@ﬁBﬂ ca‘gugugﬂgrgtg Oé@g'?b’ ﬁ%fgle"tE‘?gi’éh%@?U’a"ﬁlEPr@ﬂgagi ng
(such as 612) g ppEandRpieBstein byntheCbigent storage el ement (such as 508)
if the primary master intelligent storage el enent (such as 506) has

crash&d. 30 It will be clear that the present invention is well adapted to

attain the ends an : ' - - -
Cher el n. Wi 1S a piooant Ty oA R AP AR SRR B3PS
PCT/ USOL/ 2@®@82unications network, further comprising: :

an input/output module communicating to a node connected to the

communications network.

20
3. The data storage device of claim 2 wherein the input/output module includes a
network interface module operable to communicate to a node on the network using a hypertext
transport protocol.
25 4. The data storage device of claim 3 wherein the input/output module further

includes a video interface module operable to drive a video monitor via the communications

network.

5. The data storage device of claim 4 wherein the data storage device is a three and

30  one halfinch form factor assembly.



-15 described for purposes of this disclosure, various changes and
nodi fi cati ons maybe nmade which are well within the scope of the present

i nventi owOBwt73exanpl e, the intelligent storage el enent Ppanuseoicdoaste a
peer-to-peer comuni cations nodul e provi di ng comruni cati ons anong
conponents connected to a network. Al so, an intelligent storage el enent can
have a security 5 nodule to protect the privacy of the user. Nunerous ot her
changes may be made which will readily*guggest t hensel ves to those skilled
in the art and whi re_encompassed in.the spirit. of ..the inventio

i 'scl osed and tae. by ne PREC TR Sabrlate el Bub it 19 S el 26262
-16 C ai ndata st¥rad on the dhiaidiveOviiescin the fife Y8t isin@lirageoftunizetidnwith thesawvd act or
assenbly not greater than three and one half 5 inches conprising: a data
di sc rot ai°BPYF rount ed on a basepl ate; an actuator arm adjacent to the data
disc carrying a transducer for reading data fromand witing data to the
data disc; a printed circuit board (PCB) fastened to the baseplate having a
servo controller in to operable communication with the actuator arm for
nmovi ng the actuator armover the data disc; a central processing unit (CPU)
connected to the PCB generating control signals to the servo controller
and running an operating system and nenory storing an application program
operably connected to the CPU, whereby the application programis run by
the CPU. 15 2. The data storage device of claim1l wherein the data storage
device is connected to a communications network, further conprising: an

i nput/ out put nodul e conmuni cating to a node connected to the

conmuni cat i ons net wor k.



20 3. The data storage device of claim2 wherein the input/output nodule
includes a network interface nodul e operable to communi cate to a node on

t he net wwé@ousi3mg a hypertext transport protocol. 25 4. Rowud@arm2&t or age
device of claim3 wherein the input/output nodule further includes a video
interface nodul e operable to drive a video nonitor via the comunications
network. 5. The data storage device of claim4 wherein the data storage
device is a three and 30 one half inchl¥ormfactor assenbly. WD 02/17315
PCT/ USOL/ 26262 -17 6. The data stqrage device of claimb5 further
conprising a firle SyYSPRHEhYRERCAYPENE data stored on the data disc,
wherein the filie:I8ysdfMningving a &G éﬁﬁ%@é&ﬁh%QHat%tEﬂgé 88 S0
controller. WO 02/ 17315 PCT/USQL/ 26262 -18 7. conputer system
conprising: aadaegiormge deved pwingaviipgpressnneErperypbrng fp ppardingisviteny a dat a
st orage L&E: . I I A0 [ menory
toring anisEEealitieR (B BiabBhang: Bt AU BidEt BREARE IR

oper abdl e microproecssdrexapitdsiticadpearnngsysgmaasinputetpebinotiie opevatty amagutaiceasor

executes the operatin stem, .an input/qutput nodul e operably connected to
a corrrruni%’é‘ﬂ“Bﬁ%“Wét“ﬁgv > & (ﬁﬁdﬁa %%rfl%géfcoﬂﬁélgm&foﬁﬁe%f’ﬂ%e %&P%Ftegtt%ﬁ’ﬁge devi ce
connect ecdohu@clolport.connect or port. 8. The conputer system of claim7 wherein

t he docking station includes a connection 10 to a comruni cations network.
9. The conputer systemof claim7 wherein the input/output nodul e operably

comuni cat es @i th eIQAGuRR sfshe SUTHAARI:IMS dDEENYiioH Hhdllees LORREHOE X!
transport protocol. 15
10  to a communications network.

9. The computer system of claim 7 wherein the input/output module operably

communicates with a node on the communications network using a hypertext transport protocol.

15

=~y



WO 02/17315 PCT/ USOL/ 26262 -19 10. A method of distributing conputer
processi ng tasks conprising steps of: connecting a plurality of
intelligavooztBiaige el enents to a comuni cati ons bus, wheP€T/SOEme62
intelligent storage el enent conprises a nmcroprocessor, a connector port,
an input/output nodule, a data disc, and a servo controller for reading
fromand witing to the data disc; 5 assigning tasks to each of the
plurality of intelligent storage el enert%; and di stributing data anmong the
plurality of iptelli t, storage el ts based.op the assigni of tasks.
11. The net ho&a'of c Ig‘%%dl%d%sénr"t“"%%coc%perr i rsolcer’lsgsmgffaesgsscog}p:mlfg S%%S[‘gf?m ning if a
primary mast econnatiirlg a hanlity o Mtcdipenich@agdlenitas t6 & ashmdnicaivis bsywivhebinng to a
secondary ster intelligent storage element if the primary paster

i nt el | i g&At el eI upas FSReTHCOMPES R ATRIGTOPIOS eSS & CORBEFHBIPOSH A BFHAMPE wher ei n

the assi giidal, & UAR 4614 b 5890 §nbBRerFbr readl®; B&h 86d VARG ke @it @RP! | cation
program assigning the first agpllcatlon programto a first intelligent

st or ade el eneassigningdpsks {9 eagh of theplavadityqf prielbigant etarage egments; 2ahd assi gni ng the
02 37315 per iR 88 AR EnRRRGNE ikl BaR I Sh SR Rutgning

assenbl y ofitskggr eat er than three and one half inches conprising: a

m croprocessor executing application prograns; a data disc; 5 an actuator
assenbly rotatably nounted adjacent the data disc for positioning
transducer heads Thd atthv@oftolainhe fekdeacainiBingatepebff0 control nodul e

controlling the actuator assenbly; .
10 g I;letermmlngri a prgnary mastg/r intelligent storage element has crashed; and

switching to a secondary master intelligent storage element if the primary master

intelligent storage element has crashed.

12, The method of claim 11 wherein the assigning step comprises steps of:
15 selecting a first application program,;

assigning the first application program to a first intelligent storage element;

selecting a second application program; and

assigning the second application program to a second intelligent storage element.

20



a nenory containing the operating system and operably connected to the

m cr oprocessor, whereby the m croprocessor runs the operating system and
10 a comwabratiion nmeans operably connected to the m cropror@se@s2@nd t he
menory for comrunicating data stored on the data storage device to a node
on a communi cations bus. 14. The data storage device of claim 13 wherein
the data storage device is connected to a comrunications network, further
conprising: 15 an input/output nodul e operable to receive data froma node
on the communications network. 15. The data storage device of claim 14

wher ei n t he i Aput / dulepstorags dayies BdPrEp fagtor assermily petareater filanhree sndoae Blf t he
conmmuni cafdiSoiiisHar K using a hypertext transport protocol. 20

a microprocessor executing application programs;
a data disc;
5 an actuator assembly rotatably mounted adjacent the data disc for positioning transducer
heads relative to the data disc;
a servo control module controlling the actuator assembly;
a memory containing the operating system and operably connected to the microprocessor,
whereby the microprocessor runs the operating system; and
10 a communication means operably connected to the microprocessor and the memory for

communicating data stored on the data storage device to a node on a communications bus.

~14.  The data storage device of claim 13 wherein the data storage device is connected
to a communications network, further comprising:
15 an input/output module operable to receive data from a node on the communications

- network.

15.  The data storage device of claim 14 wherein the input/output module operably
communicates with a node on the communications network using a hypertext transport protocol.

20



