; e3e2v" 6T2t k18 JUN 2004 READI NG DATA FROM A STORAGE MEDI UM Bacggéqﬁﬁggﬁg1
_the Invention This invention relates to reading data froma stora f
-When reading data froma storage nmedi um such as a hard disk, a host driver
rea ﬂ ted data, called "demand data", along with data from ot her
Iocﬂmmﬂu ﬂ“mﬁmm hard di sk. The data fromthe other |ocations is called
"prefetegg@ata’ and 10 corresponds to addresses on the hard disk that are
likely to be read next by i f vention
According to the inventi ogﬁf’?ﬁ)@ﬁb@“%ﬁg M:igg‘fl 5iggﬁm—éﬁéMded a nmet hod of
15 rjmﬁ“‘mmmmrom a storage nedium conprising: reading data on the

stor response to a command, the data conprising prefetch data
and demandoogat a; storing the demand data in a region of nenory; and issuing
an interrupt after the denmand datBackgmubdefithetlovemtion20 According to the
invention in a second aspect, there is provided a nethod by which a host
processi ng device reads data froma storage nmediumof a disk drive,
conprising: reading data froma first |ocation on the storage nmediumin
response 5o a_Commidli el A 1f Malind'dafh AERAWbbACAEAAM, On the stor age
medi um and reading data fromthe second | ocation on the storage nediumin
response to the conmand, the first 1 B ~tIN 20A 4 | ocation preceding the
second location in a direction of novenent of the storage nedi um during
readi ng; wherein r\&gdi n% data fromthe fi r%h | ocation and reading data from
the second | ocati offngh wadiwgds astopagermesiumy, stich gp a harddigs adpst drivest or age
medi umin response to the command. According to the invention in a third
aspect, ther aedds thy woheited dataymaliidilemand dinhd ahweg with d4tafrost etherslocations on
instructions to read data froma storage nmedium the instructions causing a
machi ne to: rnhahbrdalisk. dhetdag fBdm KlRgRhératations 13 caRsdPGrsRtchQlath” and

10 corresponds to addresses on the hard disk that are likely to be read next by the host

driver.

Summary of the Invention

According to the invention in a first aspect, there is provided a method of
15 reading data from a storage medium, comprising;: reading data on the storage medium in
response to a command, the data comprising prefetch data and demand data; storing the
demand data in a region of memory; and issuing an interrupt after the demand data has

been stored.

20 According to the invention in a second aspect, there is provided a method by
which a host processing device reads data from a storage medium of a disk drive,
comprising: reading data from a first location on the storage medium in response to a
command requesting data at a second location on the storage medium; and reading data

from the second location on the storage medium in response to the command, the first
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command, the data conprising prefetch data and denmand dat a; store‘hh‘ﬁw M
. demand data in 10 a region of menory; and issue an interrupt aftelr™t
demand data has been stored in nmenory and while the prefetch data is being
read. According to the invention in a fourth aspect, there is provided a
conput er program stored on a conputer-readabl e nedi um whi ch causes a host
processing device 15 to read data froma storage nediumof a disk drive,

t he conputer Rrd Sing jnstructiops that. cause the host processing
devi ce to: rdSeHAPRCPRBRAE serthd Pasiatyin g itgrionor mpvament bt slaveds,
response to a conmand requesting data at a second | ocation on the storage
medi um and rBHHUPAUENE readingh whewaneading dateilenm e fimdoeationzgd reading data n
response to the command, the first |ocation preceding the second |ocation
in a directi dromthegieconshlepation ané perfremest @s pere ofie single aderss nfjtheastmtagegnediher ei n
reading data fromthe first |ocation and reading data fromthe second

| ocati on ar e ipeg¢shonserad tlescop@hindof a singl e access of the storage nmediumin
response to the command. |a 1 8 JUN 2004 According to the invention in a
fifth aspgct, there is provided an apparatus for reading data froma
storage nedium conprising: a nenory which stores conputer instructions;

d ' ' ti t i ),..read dat
on the stor age mods o AE FUbE Bnelford AT aal s W P Gotdamebuniy” © °
prefetch data denand gglta, (i) store th(ﬁ denmand data in a region of
menory, and (rFEﬁg‘gleirggqr%\émé USIres IRSHHCtigRs torread, datadram A stosaes medivme®s st or ed

in menory and while the prefetch data is being read. According to the

i nvention i niBstgicliens ssaera machneto; ragd daticnate staragp preadivny én fespork®ta @adi ng
data froma storage nedium of a disk drive, conprising: a menory which

st ores conputcemmansg} tha chfacosipriaing peefptchdaeasnd demaad dsxetore else ddmgandiapLiner

instructions to (i) read data froma first |ocation on the storage nedi um

in responge taGegiofi QRHRMbrY;HMde&EhE B irfddht ttePths BEARGH lURGHaL B&noéi'%xfeﬁ'%

storage nedium and (ii) read data fromthe second | ocation on the storage
mediumin re g %ER . fir ocation 15 preceding the
second Iocat?gn I 6383??§5@$ n gﬁ“ﬁ%£§#§%¥§§¥ithe st orage nedi um during
readi ng; wherein reading data fromthe first |ocation and reading data from
t he second

According to the invention in a fourth aspect, there is provided a computer
program stored on a computer-readable medium which causes a host processing device
15 toread data from a storage medium of a disk drive, the computer program comprising
instructions that cause the host processing device to: read data from a first location on
the storage medium in response to a command requesting data at a second location on
the storage medium; and read data from the second location on the storage medium in
response to the command, the first location preceding the second location in a direction
20  of movement of the storage medium during reading; wherein reading data from the first
location and reading data from the second location are performed as part of a single

access of the storage medium in response to the command.
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| ocation are performed as part of a single access of the storage nedjumin
response to the conmand. 20 According to the invention in a seveﬂtanJng?Q@‘t,
“there is provided a nmethod of reading data froma storage medi um
conprising: reading data on the storage mediumin response to a conmmand,
storing the data in a region of nenory; and consulting a database to
determ ne when to issue an interrupt; wherein the interrupt is issued after
a predeterm ned poftion o he data has.been stared. in ry. Ib 8 JUN
2004 Accor ai ng-t 6 A4rainglo e EeRtih AAERBR Eibetl et s ndTal inlingruns i
machi ne readabl e diymthat stores instructions to read data from a

st orage nedi Jﬁﬁdllﬁgqgatfl ot} ,3tpragh Med By CREIPASIRG chMSEIOr Y, Which stpresagammpitier: he
storage nediumin response to a conmand; store the data in a region of
menory; and doyigigtions anda aragsssor whithteaeertesshehemputer instsuptioanta (i) read degh ;
wherein the interrupt is issued after a predeterm ned portion of the data
has been st oroadhé storagamiediurdiic espbrg td ® céhmand)\tkanddtd SompridinBpRfdclagang aid
there is provided an apparatus for reading data froma storage nedi um

conprisi ng:  aleHRAB k¥ tal\i) GlorSthHedRmMaR® BRH §Bh refor] | OB fi processor
whi ch execut ese,3 t he cg\r,rmpat err i nstructions téég??)%gg&yéfﬁgw%%ﬁg gaagt or age

and (1) contetrpr s e @RIRH g blohesh Sl i ahd vl B R ™

wherein the i.nferrupt, is i ssued after a predeterm ned portion of the data
has been st o8 P& Enory. 15 According to the invention in a tenth aspect,
there is provided a nethod of reading data froma storage nedi um
conprising: reading data on the storage nmediumin response to a comand,
the data conprising prefetch data and demand data; storing the denmand data
in a region of nmenrtecprdisgth the swienijorain & sithraspeot, tiadfre &rprovided eappdraiad for has
20 been stored in nenory; wherein the demand data is read froma first

| ocation1on trbglist @tagem@storage afediink 6f Paiek akics) cdalpRising: 4 ﬁl%ffhoh{]ﬁrﬁlcﬁ skgpeond
| ocation on the storage nedium the first |ocation preceding the second

location in gofphRe idsBcinsMYEFiBEesSr WiEh STRLAY thd ®M R I REok SR NI-

read data from a first location on the storage medium in response to a command
requesting data at a second location on the storage medium, and (ii) read data from the
second location on the storage medium in response to the command, the first location
15 preceding the second location in a direction of movement of the storage medium during
reading; wherein reading data from the first location and reading data from the second
location are performed as part of a single access of the storage medium in response to

the command.

20 According to the invention in a seventh aspect, there is provided a method of
reading data from a storage medium, comprising: reading data on the storage medium in
response to a command; storing the data in a region of memory; and consulting a
database to determine when to issue an interrupt; wherein the interrupt is issued after a

predetermined portion of the data has been stored in memory.
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| c 1 8 JUN 200 According to the invention in an el eventh aspec;, tgﬁ;ﬁﬁ"i S
provi ded a machi nereadabl e nmediumthat stores instructions to re cP&
froma storage nedium the instructions causing a nmachine to: read data on
the storage nmediumin response to a command, the data conprising prefetch
data and demand data; store the denmand data in 5 a region of nenory; and

i ssue an interrupt after the demand data has been stored in nenory; wherein
t he demand data is 1£st. | ocation on the storage, medi.um and the

A Rftog fol bt in Bt B, BB RPiBe R e

prefetch data is rea ma secon oca

first locatian cedi.n e second l.ocation in direction of novenent of
t he storage r’fﬁ?ﬁﬁh rﬁ?fi"\‘“ﬂdfl? SIEFSgstrurtong toge dage g’BmtEh%O‘iaﬁ?rg’rﬁil‘@h the, a

twel fth aspect, there is provided an apparatus for reading data froma

st orage medi URSUTUEHARY GaupiAg @ RACKIGHP :yrewﬁdam os therséeragompdiuay injresponsectoiaons ;
and a processor which executes the conputer instructions to (i) read data
on t he stor agemmetidyistorerthe datp dns ecgion &f manvmynand ¢dnsuld adatabaseps deteRdine
prefetch data and 15 demand data, (ii) store the denand data in a region of

mermory, agd (When)to issGéign Mertuptavkdieth i f&leerrr@h@ 18406 RflerdAlBddiéeniREE LraLRT ed
in menory; wherein the demand data is read froma first 1ocation on the

st orage nedi W‘tl?&ﬂaté?é%ﬂ%ﬁ{st%}éahn%n%r..s read froma second |ocation on the
storage nedium the first location preceding the second |ocation in a
direction of novenent of the storage medi um during reading. 20 According to
the invention in a thirteenth aspect, there is provided a nmethod of reading
data froma storage nmedium conprising: reading data on the storage nmedi um
in response to a e%ﬁﬁﬁﬁh%gtOtth%lrwatl%prb@ramlntbiaﬁ@ecgrt@réﬂ%mowd@éamnpp@@mﬁm
data, the prefetch data being read froman area of the storage nedi umthat
precedes t he rersimgdats rom dst@rage/medidny cdmipeasing: amdinogcwhizh safresmnepupert  of

the storage nediumduring reading and froman area of the storage nedium

the foll aos tierudesmnandiapicesRopwlich@géduen thé campasEnitn@tiohd® ®leiddfa
medi um during reading; storing the demand data in a region of nenory; and

I Ssuing an i Rhehé sBfagdielliunt fre £ HadBmbas &i:?)gsggertﬁ%t%ﬁﬂc&fy Qg to the

invention in a fourtéenth aspect, there Is pro a machi ne readabl e

medi um t hat e fuctions.tg read,data froma.storage nmediu t.he

i nstructi ons%eglﬁjos' hégl{aa I}Pacghléugea g%goars%goddegmneowg?rhﬁ’ ‘§St“8#§eg‘é‘teﬁ@8hdr¥ﬂqfﬂn
response to alaé;_omrand, .the dgta conpri si&g prefetch data and demand dat a,
the pref et ch REHLETREE 15gSstied e Rredsistanned Rostion of the datades beenrstered in t hat
precedes the demand data in a direction of novenent of the storage nedi um
during readi mem@y. from an area of the storage nediumthe follows the
demand data in a direction of novenent of the storage nmedi um during

readi ng; 1§tore the demand data in a region of nenory; and issue an
interrupt after the demand data has been read. 15 According to the

invention in a fifAd®erlidy RIREHIventidHiNS thisth RERYL, A8Fe AHraRRAS tdéthod of
reading data from a storage medium, comprising: reading data on the storage medium in
response to a command, the data comprising prefetch data and demand data; storing the
demand data in a region of memory; and issuing an interrupt after the demand data has
20 been stored in memory; wherein the demand data is read from a first location on the
storage medium and the prefetch data is read from a second location on the storage
medium, the first location preceding the second location in a direction of movement of

the storage medium during reading.
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for reading data froma storage nedium conprising: a nenory mhigh Shﬁrﬁﬁ
_conmputer instructions; and a processor which executes the conput: 8 JUN 2
instructions to (i) read data on the storage nmediumin response to a
command, the data conprising prefetch data and 20 demand data, the prefetch
data being read froman area of the storage nmediumthat precedes the denmand
data in a direction of novenent of the storage nedium during reading and

froman area of thg storage, mediumthe follo th emand d in a,

di rection of nnveré‘??f’r‘g‘i’g g’ntge &VSPté%‘bmr?&ﬁ?ﬂ’ﬁP@fﬂSP tggﬁd? H@,"Pdt(’aﬁ)m Y the
demand dat a ig%da {sggiqcl)n OL menory, and (iii)_issue an interrupt after the
demand dat a Hgadapledfediuy dhat stores instpuchions togead ata femes dptage medhian.dbect , t he
invention is directed to reading data froma storage nmedium The invention
f eat ures readifiycanscagsing penashinedgerearbditam the sterspomsdiutroinaesponsestod,
storing the data in a region of nenory, and issuing an interrupt after a 5

pr edet er m neaommiandpthe dhtatdoenpeizing picfstch@an aaitl degdnd BataEsi®re Yhe Amdid dabein
advant ages of the invention may be one or nore of the follow ng. The

i nterrupt smay BEoH L thehfry: A GRALE ad ' | indat a
has been 11 R rigonbEhelive: $ JUNazggé i ﬂg?:%?{ut%ggﬁ%l&z&?g%ég?gﬁéﬁmThi S

data can the r | i5l Qr ditional,data to be
readJst or ed. u%r?’ ﬁgﬁgﬁ’fetﬁ%%%%&éaéﬁ%ér@ﬁ’&%?ﬂ8 ﬁaétloélforltth‘é ?tg ta&F élbegmfpédi um
can be read an roc ed separately usi a single "read" command, 5 This
is particul ar‘aflg ﬂ% Sﬁf %r?qdatlf% a&ﬁ‘f“&‘gg?caé‘ﬁg Ogﬁwt?@é%me%‘mﬁéhf‘pﬁ’& et ch
data, since processing of the data fromthe other |ocation (demand data)
woul d ot her wilewtipa pPrrepding ghessprenddeeation|iy adireotinn offreventest of e stocdgedat a t o
be read. O her features and advantages w || becone apparent 10 fromthe
fol | owi ng deswadiyhidoringreddinige cl ai ns. Brief Description of the Draw ngs
Fig. Zis a block diagramof a disk drive and a host processing device. 15
Fig. 2 igpoa flow diagram showi ng a process for reading data fromthe disk
drive.

According to the invention in a twelfth aspect, there is provided an apparatus for
reading data from a storage medium, comprising: a memory which stores computer
instructions; and a processor which executes the computer instructions to (i) read data
on the storage medium in response to a command, the data comprising prefetch data and

15 demand data, (ii) store the demand data in a region of memory, and (iii) issue an
interrupt after the demand data has been stored in memory; wherein the demand data is
read from a first location on the storage medium and the prefetch data is read from a
second location on the storage medium, the first location preceding the second location
in a direction of movement of the storage medium during reading,

20

According to the invention in a thirteenth aspect, there is provided a method of
reading data from a storage medium, comprising: reading data on the storage medium in
response to a command, the data comprising prefetch data and demand data, the

prefetch data being read from an area of the storage medium that precedes the demand
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Figs. 3 and 5 are top views of a hard disk and a transducer head in the
disk drive. Fig. 4 is a flow diagramof an alternative process 2@ fJok 2004

"reading data fromthe disk drive. Fig. 6 is a front view of a conputer

whi ch can function as the host processing device. Fig. 7 is a block diagram

of hardware included in - 2 1 8 ('uN 200 1 WO 01/46793 PCT/ US00/ 42612

the disk drive and the host processing device. Description Referring to

Fig. 1, block, di.agram 10 shows a ho 5 processing, device, 11 readi ng data
fr gm a hard agaign%éﬁl@]c&gq ﬁ{rgﬁve&pqr\ggf&lg .St‘%gflgnﬁqsl}l@ UjiRe "}geaéﬁd&gow Afeq
host processing device 11 or it may be an externpal drive. Software (device
driver) 15 e@édhnstorges medivg the felievesthe demand ¢ata ima disgction o moyamania the om
applications or 10 other conputer prograns) (not shown) executing on host
processi ng detdrage rddivihbsiag ceading) dering sher demtandedatade adegive of dentooy;ragdd dat a
fromlocations on hard disk 12 of disk drive 14. Data is then transferred

fromthese | agatdgamsnteaalst fter devden@inddadeas boen rohd.ch passes it to a Direct
Menory Access 15 ("DMA'") engine 16 al so on host processing device 11. DVA

engi ne cogsults a table, such as scatter/gather list 27, to determ ne where
in menory 17 to store the received data. Scatter/gather |ist 27 includes
lists of addressesA' 12 i.s to be

stored. 20 |ssuing cl&ﬁrﬁtgﬁn@;tﬁﬁ %{Z/e!&n%oiﬁ\é@.ﬂgg%ﬁ%ﬁi?asp%{?ﬁe%% gfoq’?%rao@%%bénew i's
shown for reading data fromhard disk 12. Device driver 15 receives (201) a
-3 a readagle medium that stores instructions to read data from a storage medium, the
instructions causing a machine to: read data on the storage medium in response to a
command, the data comprising prefetch data and demand data, the prefetch data being
10 read from an area of the storage medium that precedes the demand data in a direction of
movement of the storage medium during reading and from an area of the storage
medium the follows the demand data in a direction of movemenf of the storage medium
during reading; store the demand data in a region of memory; and issue an interrupt
after the demand data has been read.
15
According to the invention in a fifteenth aspect, there is provided an apparatus
for reading data from a storage medium, comprising: a memory which stores computer
instructions; and a processor which executes the computer instructions to (i) read data
on the storage medium in response to a command, the data comprising prefetch data and
20  demand data, the prefetch data being read from an area of the storage medium that
precedes the demand data in a direction of movement of the storage medium during
reading and from an area of the storage medium the follows the demand data in a

direction of movement of the storage medium during reading, (ii) store the demand data

in a region of memory, and (iii) issue an interrupt after the demand data has been read.
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1 8 JUN 200 WO 01/ 46793 PCTNS00/ 42612 conmmand from software on host
_processing device 11. The command identifies denmand data and prdf&uoN 288k a
at different addresses (locations) on hard disk 12, and instructs device
driver 15 to read the demand and prefetch 5 data from hard disk 12 on disk
drive 14. Demand and prefetch data are typically contiguous data bl ocks and
the demand data precedes the prefetch data (i.e., the prefetch data is
after the denmand data) in a direction of novenent of hard disk 12. For
exanple, as 10 shown in Fig. 3, hard disk 12 routes in a direction of arrow
21 during reading. A transducer head 22 on disk drive 14 reads data from
channel s on hard dhgrneral, uenerfgpechithe inyanticy in diseetpdic reading datefrone agtorage
encounters dermand data 24 before prefetch data 25 (as a result of the

di recti on of makahi dhe ilfeofiohfenthreli reidid@lata da theensdordgd medihim  reg@asd forst .
Prefetch data 25 is read on the assunption that the next data that wll be

read by transgdhe@indh@atingthe\datalin Aeedibe ofidemoty)ahd fs_@hilng\éﬁ itedraptafter Ret ur ni ng
to Fig. 2, in response to the conmand 20 received in 201, device driver 15

reads (202) dg 1 i des the demand dat a
to DVA engi ng) %Mﬁ%%ﬁg)ﬁguﬁge&f%% ?ﬂéﬂaﬁ%e%égﬁ%g@f&%@?&? dat abase, nanely a
8;?2%?5@9? geiu :\ll 2%8(2)%}16 ;e%gg%}%g Qgﬁxevi\ﬁ]\(lae%?loﬁ ?na?rtb%ro%e top Slogea })fathé fﬁlowinf\g/.\o

The interrupt may be used to indicate that the predetermined portion of data has been
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Tead in 202. Device driver 15 prograns DVA engine 16 with ' fﬁa$hfré€ather
_list 26 prior to reading data fromhard disk 12. Scatter/gathe 2 26
dncludeswvemniméms which specify destination buffers (regio 17)
into which the 5 demand data and the prefetch data are toqﬁgﬁgfgﬁggtyThe
destination regions of *nenory may not be contiguous, in which case DVA
engine 16 is progranmmed with nultiple entries, one for each discontiguous
regi on. DVA engine 16 consults (203) scatter/gather list 26 10 periodically
as bl ocks (associated with "LBAs", or "Logical Block Addresses") of data

are read. LAUeNCY . \Whi scatter/gather list 26 is consulted may
vary depeﬁg%ﬁgaipon the g%%%h%gp?hégﬁlgéﬁg %F BECSESSG e vEithade frequency

i h t hat i = | ter/ gather |ist 26 at 15
Subtanti Ty R RStEAary betaEant PrEC AL RRRG SEY S of AP defat  as

that dat afu®n &ad) . (AN otd Yy {O¢a€DbREESE: ¢ fl . 1 s provided in
scatter/gather list 26 at the bdindary bet&ggngggiﬁggﬁn}e%ﬁﬂlqucP?he

demand dataadn@richgeededsdd geprdbe1¢0upigEeLch daha. « ine.16
finishes with the demand data, it encd%ntersgthisle try ?%%gg; éﬁ%gﬁ?her

list 268 Wiknsi tisepeonimit@arkarly sadvdnyagedBhsendi 8164k $S WS c(n%g\g é‘l? "
interrupt to signal the boundary between the demand and - 5 151 46793
1 8 JUN 2D0catiopCENSqe/efxaih piefel chines aprdbeskaher b¥Pl HeS dHQYi f8Gmt 0
device driver 15 which, in response, infornms other processes (not shown)
executi ngtba RESeTplessdsiony dianand 1dataht wohidderhatwdatka Heandrenp
read/ stored. The demand data can then be processed 5 or transmtted by

t hese ot hBPIEFEESeTddyY e Iwaidvif@ngike noefetch data to be read.

Other features and advantages will become apparent

10 from the following description and the claims.

Brief Description of the Drawings

Fig. 1 is a block diagram of a disk drive and a host

processing device.

15 Fig. 2 is a flow diagram showing a process for

reading data from the disk drive.

Figs. 3 and 5 are top views of a hard disk and a

transducer head in the disk drive.

Fig. 4 is a flow diagram of an alternative process |

20 for réading data from the disk drive.

Fig. 6 is a front view of a computer which can

function as the host processing device.

Fig. 7 is a block diagram of hardware included in



continues'to read (205) prefetch data 25. By using a DVA- gener 36 ¥ 904
_interrupt sgg forth above, it is possible to read denmand and prefetch
data in rﬁ% %0 a si ngl e command from devi ce driver 15, PERUSONHEI6120 t o
process the demand data while the prefetch data is still being read. Thus,
process 19 reduces command over head w thout sacrificing inherent advantages
of obtaining prefetch data. 15 Reading Preceding Prefetch Data In Fig. 4,
an alternative process 30 is shown for reading data fromhard di sk 12.
Process 30 uses _device driver 15 and DVA engine 16 to control reading from
hard di sk Ihe Gdhtkotiring apddthg Hbsecplpcbeemmodeic@eessi ng 20 device
11 brings to bear additional resources, such as processing power and
‘menory, that are not otherw se available during reading. This is because
processors in the host processing device generally operate at greater
speeds, - 6 WD 01146793 1 8 JUN DEECBEININY/ 42612 and have access to
'more avail abl e mempry, than typical controllers which reside in, and
control the opera%ﬁe&fr,ln@i &ie driigred.: Axlack ebiagramel at ey hahget
anmount s gf ef el ch da(ia can be read,and stored using process 30. 5 Device
15 re

driver cei ves (2015 VECR onheh@2 i Beh dRbRhEF OB Ap oty &R (dHra

exanpl e, ary: | 4 i program runni ng on host processing device 11). The
command regﬁggféh%ﬁg%gﬁ%) a}%kféﬁﬁY§ gﬁe@??ifeﬁéé&tWéﬁhy¢Ihﬂﬁtcﬁsk 12. In

response t Qe Lof [ iver 15 reads 10 (402) data 31 that
pr ecedes t%e demn%%vgﬁé/i%fag%i%gcrf'?gnf’%f ARoPFERTHE NG Vi sk 12 (see

Fig. 5). This "preggdipdreP(8Lst : e adjacent to demand data
24, as shown in Fig. 5, or ﬁt ﬁ%&gbgéﬁgggﬁegﬁgff§§é¥%ﬂ%e+in?5F poi nt

oL e LSse st beicn o hA 42k denmdafoBshl b AN e 4 o0
24 is 10 other computer program(s) (not shown) executing on host
. processing device 11. These commands instruct device driver
15 to read data from locations on hard disk 12 of disk drive
14. Data is then transferred from these locations back to
device driver 15, which passes it to a Direct Memory Access
15 ("DMA") engine 16 also on host processing device 11. DMA
engine consults a table, such as scatter/gather list 27, to
determine where in memory 17 to store the received déta.
Scatter/gather list 27 includes lists of addresses in memory
17 into which data from hard disk 12 is to be stored.

20

Issuing An Interrupt During Reading

‘In Fig. 2, a process 19 is shown for reading data

from hard disk 12. Device driver 15 receives (201) a



hoved to transducer head 22 anyway to read denmand data 24. \{\VH'.I d disk
.12 is being noved into position, transducer head 22 will pass over—data 31,
during wabelvsg7ese transducer 20 head 22 reads that data. le@r,gg(;cfa,nkﬁ stored
(403) in nmenory 17 (or otherw se processed) on host processing device 11.
Storage is perforned via DVA engine 16 and scatter/gather |ist 26, as
descri bed above. " WD 01/46793 ~ 8 'JUG 2004' PCT/USOO 42612 Process
30 neanwhi |l e reads (404) denand data 24 from hard disk 12 in response to
the sane command received in 401. Thus, a single command can be used to
bot h pref a emand data. Process 30 may al so read prefetch data 5
that foll g\%’g‘p‘?ﬁg gg’r?g‘né"g%‘”ﬁ% A HPLCtRBCBESHBEI 88VELehAld. diTe 12.

Process 1 e : ‘ i refetch data, or the data may be read
usi ng hos?ogﬁéggss%?%gl@&tg%egsgq%ﬁ§ﬁo Ut n%?egﬁtfzépéléttéd 3ftor pl>/ur al

sectors Oaihgéﬁegitslédg%e\%h%g Odlo%alHi%nse)“téﬁ ﬁ%a%fs h@gkzgr%itlt er/ ﬁat her [|ist.

10 Hardware Hardware on I ch processes 19 a nted is

h i h8tr " e incl i sk .dri 4 whi ch
shown in EhgtrfictBedsqiale e@IRMEEN "R Dedd &H% Hgﬁﬁng'indgﬁﬁﬁ%éhgh 'c

reads and wites da-to on a hard 15 disk, a display screen

di spl ays datar febmohatrd diwker2 i digwitgdeyd ces 35 which input data. A
controller 36 (Fig. 7) in PC 32 runs device driver 15 and DVA engine 16

using scatter/ gatemand sdin@6pfefoteH HAtHREREY tiPiad %ﬁgﬁéaﬁé the

host processing device. 20 Fig. 7 also shows conponents rrve 14.

‘Anong t hedatgobpoankst andr ¢ heardendirgk daka tpwassassr theagdre2arie-gyml i fier
37,-analog_variab|e gain anplifier ("VGA") 39, filter 40, analog-to-digital
("AD') cbhverterhalprefgtch dat@ JldN 2000 WhO1dd6FA3 BETNS0QAA2612
controller 42 (including nenory 27), and witer 45. Hard disk~l2 is a
magnet i ¢ S+3RChAONngEcHRYEmenitc ofathanst otisgfe ThannBbs dshipae ,omseach of
its stqorage surfaces. Hard disk 12 is rotated inside disk drive 14 5 while
data it 'rglaﬂw’?rbﬂi WPttén PeTc diskardielzotatenoimhaodiyestaomard di sk 12
is shown mr‘?elfa%ﬂaa one di sk .may be included in disk _drive 14. Transducer
e

head 22 i3°%° BE FBEi EERTEHead B S AISAYGHT dasRdeR2t RAt diske airibie of
ir gadi ng df& arééc?g‘ dQQQ Jl.gowlc iarzll%eqast %r{[ ci'iarhéﬂjl rc(ijig]i(Slfz 1§i1r1§'1%ni%ltj:ca%rior}$.ad 22
Since the transducer head encounters demand data 24 before
prefetch data 25 (as a result of the directidn of rotation
15 of hard disk 12), demand data 24 is read firstl' Prefetch
data 25 is read on the assumption that the nekt data that
will be read by transducer head 22 will be the data that
follows data 24.
Returning to Fig. 2, in response to the command
20 received in 201, device driver 15 reads (202) demand data 24
from hard disk 12 and provides the demand data to DMA engine
16. DMA engine 16 then consults (203) a database, namely a

scatter/gather list 26, to determine where to store the data



associated in a- "flying" relationship over a storage surface gfyynapessdi sk

. 12) meaning that it is novable relative to, and over, the storage surface
in order WO H#aW3and wite data. To read data from hard di sSRCHYUS00/2612c e
driver 15 15 (executing in controller 42) sends a signal to transducer head
22 to nove transducer head 22 to | ocations on hard disk 12 fromwhich data
is to be read (process 19). Transducer head 22 senses flux transitions as
it "flies" in close proximty to a specified |location on hard 20 disk 12.
These flux transitions 50 are provided to pre anplifier 37. Pre-anplifier

37 is a volteg® pnezappl i beetckhaizap! ki esdditndd WuA ransidd o Fiem
mllivolts (nV) to . volts (V). The resulting pre-anplified anal og signal
(or _ g _ sdtdrAfdOBetr 8i3UN2BOQ4 iBETAUSR@4RME? datead ' rem gitd &1sks
provided to VGA 39. VGA 39 further anplifies read signal 51 and provides a
resul ting amdliffedtrendgsthral 152tt @6f iintdndes. efititiers 4¢hich aspendfog
filter/equalizer that 5 generates a substantially square wave
from-anpl i fdest ieadienghuffszs Treghionsend, meromyr 140 ity ogrimimedhen
accordance with the data transfer rate of. a data zone on hard disk 12 from
whi ch si §ndlempnd| dakat ang bhpgrrafedchrdatia iaFg fia the llatemhal Baei s

subj ect ed %ﬁﬁ;gﬁgling and 10 qua Etlzatlon w thin high-speed A/D converter
41." A'D co ahhoR T HELETE;] tEFm8§§a“§§'@9%ﬂ9ﬁ(ﬁ?99%ﬁﬁ%ﬁ%na+n54 Dat a

55 ds to th st d h i 12. W..t 45, ded
forcﬁv?irteisﬁo MR o8 PR BR 28 a8 éS?%gﬁglm@e%ﬁut'ﬁ%ﬂm%?%' St or es

conput er A{§§é§0t5§85fé%n8£8ﬂ' sco Jngégauce driver 15) for

|nplenent|ng process also stores sc er/gather list 26.

Processes 19 and 3%Mﬂ*%ﬂ§§né'f%téﬁké&dyée 8D LBLEter/gather list 26

10 periodically as blocks (associated with "LBAs", br "Logical
Block Addresses") of data are read.‘ The frequency at which
scatter/gather list 26 is consulted may vary depending upon
the size of the blocks of data. However, the frequency ié
such that DMA engine 16.consults scatter/gather list 26 at

15 (or substantially near) a boundary between the demand and
prefetch data (as that data is read).

An entry (or entries), such as a flag, is provided
in scatter/gather list 26 at the boundary between entries
relating to the demand data and those relating to the

20 prefetch data. As DMA engine 16 finishes with the demand
data, it encounters this entry in scatter/gather list 26.
When it encounters this entry, DMA engine 16 issues (204) an

interrupt to signal the boundary between the demand and



Toregoi ng hardware and software configurations; they may 2g g\g@g c
.applicability in any conputing or processing environnment. P g@% 19 and
30 may W ol/4q3Enented in hardware, software, or a conbi ngicrakephzdihe two.
Processes 19 and 30 nay be inplenented in conputer prograns executing - to
WO 01146793 ~ B ~uN zoos PCT/ US00/ 42612 on programmabl e conputers that each
i ncl ude a processor, a storage nedium readable by the processor (including
vol atile and non-vol atile nenory and/or storage el enents), at |east one

i nput device, and one or nore output devices. 5 Each such program nay be

i npl enengedrévcn Ahgh .| exvgl Eﬁggﬂﬁeri ng{?;éferﬁcéﬁ%n ed, progr anm ng

| anguage to communicate with a conp evite P¥dYrans can

e LSRN Sesesbb ety A0S I LOLR0E TRNEE R,

conpiled yr an interpreted | anguage. 1 onpu

on a st cexegeu il UhOhoBEVPeB ks ita idedisk the di skette) that
is readable by a general OF specialsbggﬁggg 6?b5?%ﬁgg%g€ %%%%ﬁ?eaa%Sr -
conf i gurhag lewh opeadl Ehgrelie CUTRBUERMaMIE Bl eE:ToT-H [ iceis
read by the conputer to perform 15 pr ocessestrlaig iénrg 30. %%cggégés%&and 30
may abs®bheranseieteddbusthesenpuher peadakiR St A TG U, glqﬁf jpgured
with a conputer program where, upon execution, instructions i% t he

conmput eCPHEGIERR ceristezde (20hpuprefetchpdaatae 2isn accordarice with
processes 19 and 30. 20 O her enbodi nents not specifically described herein
are al so withi nBYh¥#s3gighe SMAtgerenated nintedaiupt &er sexadpheh f eatures of
processes 19 and 30 can be conbined ina single enbodi nent. Additional
entries aﬁ?é%)’eoe Huded Rofsikle to-rgaguNepend and WOeEH MY OB LT RS00/ 42612
scatter/gather list 26 1o ﬁause DVA engi ne 16 to issue additional

i nterrupts P Processed 1IN SBMBARIEL AT deVd cae ady atat¥b stamédtbanot her -

t 1,8, d 161 udi i cal nedi h as CDs ("Conpact Disks"), DVDs
DTS e e A B g1 PR BRetachagte TRWRELA | ver
15 - " A | ogy, At achnent”) driver. P 19
and 30 B TSRSkt ol T PO TTErcut. BPHECrr BRTEREN SHRERSAR) or one or

MO e St GR% HOM QRfc IR PP @ X Lokt FnEORAYRREALLY JENSHYEN,I9N My be used

wi th ot her _
prefetch data.

15 Reading Preceding Prefetch Data

In Fig. 4, an alternative.process 30 is shown for
reading data from hard disk 12. Process 30 uses devicé
driver 15 and DMA engine 16 to control reading-froﬁ hard
disk 12. Controlling reading directly from host processing

20 device 11 brings to bear additional resources, such as
processing power and memory, that are not otherwise
available during reading. This is because processors in the

host processing device generally operate at greater speeds,



10 storagé nmedia, such as optical disk drives and nagnetic 1 @csynipme
_devices. 15 20 - 12 1 8 JUN 2004 CLAIM5 1. A nethod of reading data from
a st orageWeeli4gm3 conprising: 5 reading data on the storageP@BUSUM2612
response to a conmand, the data conprising prefetch data and demand dat a;
storing the demand data in a region of nenory; and issuing an interrupt
after the demand data has been stored in nenory and while the prefetch data
is being read. 10 2. The nethod of claim1, further conprising consulting a
dat abase to determ ne when to issue the interrupt. 3. The nethod of claim

2, wherei n di® latabasee €6NP6I G6Se | aﬁhﬁ.mﬁbh@nﬁtefn%&i/]ﬁ tHa 'ér}&%:{h&@l data and

for issuing the interrupt. 4. The nethod of claim

, wher ei e dat abase

conpri ses aouatetkErégatwieichi s¢sife The mrthednefodl aihe bpaher &m dhe
demand data is read froma first 20 |l ocation on the storage nedium and the
prefetch datisk Lirisess f r ohs aa seesnilt| oral aonvedyt Narsteomagaimmsiam t he
first location preceding the second location in a direction of novenent of

t he storagé®

iRt ditagcarade ngeadl3andls8odeN 280496 prHwegwetimd of claim

5, further conprising reading additional prefetch data froma third
| ocationSon the stBe¥d€enddilyer, ohaaqfines okl om prevwdndgfthe fir st

another computer program (for example, an application

program running on host processing device 11). The command

requests (demand) data from a specific location on hard disk

12.

In response to the command, device driver 15 reads

10 (402) data 31 that precedes the demand data 24 in a

. direction of motion of hard disk 12 (see Fig. 5). This

"preceding" prefetch data 31 may be adjacent to demand data

24,

as shown in Fig. 5, or it may be located at some other

prior point relative to the demand data on hard disk 12.

15

Generally speaking, it does not take additional time

to read data 31, since the location of demand data 24 is

moved to transducer head 22 anyway to read demand data 24.

While hard disk 12 is being moved into position, transducer

head 22 will pass over data 31, during which time transducer

20 head 22 reads that data. The data is stored (403) in memory

17 (or otherwise processed) on host processing device 11.

Storage is performed via DMA engine 16 and scatter/gather

list 26, as described above.



and second locations in a direction of novenent of the storage Gﬁgh@m .
_during reading. 5 7. A nmethod by which a host processing deditd s data
from a wHeiaees nedi um of a disk drive, conprising: readi ﬁ%ﬁ@goﬂmg gm a
first location on the storage nediumin response to a conman dttlést | ng
data at a second |ocation on the storage nedium and reading data fromthe
second | ocation on the storage nediumin response to the 10 command, the
first location preceding the second |ocation in a direction of novenent of
t he storage nmedi um during readi ng; wherein reading data fromthe first

| ocati on and reafgli n datf fromthe second | ocation are perfornmed as part of
a single access ‘ofCTHE st Or AR HRALEnFPAGFed¥Ods e demarie dzorareaw. £Gm8. The
met hod ajy .o, rein the first location is adjacent to the second

| ocat i o(rilflag!.1 !}%}Z l%%& SESBCASH £° e RATe crprTarfgreeadiad data from a

third 204 4pcati ont r nedi um the third | ocation follow ng the
second Io%gfio?ﬁﬁﬁ'tﬁeggpgg%t?%ﬁmgFl Yﬁeérﬁps?%thBrﬁﬁéFGhlduring

r eadi ng. ) of i , rein the third | gcatjon is adjacent
to the sae%%n%&ﬁ%rclgf?gg.g'mpgo?e?s?a@% ﬁrisq'hlée?‘ét%%g%?cﬁl 4RrER7, further

conpr ESi tigat e£61Ybwe the eemmRad JdiQnid GONPULSL, program executing on the
host processing device. 5 12. The netﬁgh%%Pg%g%ﬁ$§é? ?ﬁf?ﬂE?OEOHErising
storing weid 4 120m pheckiskst saRhyS R0 i i op the
host processing device. 13. A nmachi ney-sr ea&ﬁ%@%ﬁ%tﬁ%@sgﬁgﬁéwﬁ

i nstructdans, torrehad data ha9mbe HedldagRs iTRAINERL IS EOSE L HET QRS gausi ng a
machine to: 10 read data on the storage nediumin response To a conmand,
the datdkonpf¥etegs 30 may be repeated for plural sectors of hard

disk 12 and for:plural entries of the scatter/gather list.
10

Hardware
Hardware on which processes 19 and 30 may be
implemented is shown in Fig. 6. Personal computer ("PC") 32
includes disk drive 14 which reads and writes data on a hard
15 disk, a display screen 34 whichbdisplays.information to a
user, and input devices 35 which input data. A controller
36 (Fig. 7) in PC 32 runs device driver 15 and DMA engine 16
using scatter/gather list 26 (stored iﬁ memory 17) and
functions as the host processing device.
20 Fig. 7 also shows components of disk drive 14.
Among these components aré hard disk 12, transducer‘head 22,
pre-amplifier 37, analog variable gain amplifier ("VGA") 39,

filter 40, analog-to-digital ("A/D") converter 41,



prefetch tata and demand data; store the demand data in a reqnpguﬂfz erory;
.and issue an interrupt after the demand data has been stored’'in nenory and
Wwhil e t hewpraaf46198h data is being read. 15 14. The nachi ne- riagaddoazé@di um
of claim 13, further conprising instructions that cause the nmachine to
consult a database to determ ne when to issue the interrupt. 20 15. The
machi ne-readabl e nmedi um of claim 14, wherein the database conpri ses
instructions for storing the data and for issuing the interrupt. 16. The
machi ne-r eadabl e medi um of claim 14, wherein the database conprises a

scatter/ gathic dd Ster 152 (iﬁcgu&gh?zggéoég%%gﬂfaggghine-read bl e medi um of

.claim 13, wherein the demand dat S rea Pr ¥ 4&¢ati"on on the
st orage nedi um andgkkq @ﬁ%kehghﬂgﬂéidébﬁ?ﬁykf fgﬂehégiﬁgd IocatLon on the
i I ng

storage medium the first |ocation prece the second f ocatron-5Fn a

Jdirection datowreigefchaenslorageinedi v dHEhNG sl €3dl R4 L3e The

machi ne-readabl e nmedi um of claim 17, further conprising instructions that
cause the maoifiaves.o rimcd adiiéki ppaisprefetel dabadbr afa Whijha hQcation on
the storage nmedium, the third location preceding the first and second

| ocati ons wWhidel@latia giot i vrrdf fnovéweitten tbeisborhganera.umadwhAgh
readi ng. 19. A conputer_program stored on a conputer-readabl e nmedi um whi ch
causes a h@¥lYposce syt ck2 t bs r showdat mofe othansbaeaded siediaymief  a

di sk drive, the conputer. program conprising instructions that cause the
host proced&ydgsyilde 438k Wrivadléata froma first |ocation on the
storage nediumin response to.a command requesting data at a second

| ocation on the Stt{a g Hgaruﬁﬁagn&z 1s a magneto-resistive head (or

similar device) that is capable of reading data from, and
10 writing data to, hard disk 12. Transducer head 22 is
- associated in a "flying" relationéhip over a storage surface
of hard disk 12) meaning that it is movable relative to, and
over, the storage surface in order to read and write data.
Tq read data from_hard disk 12, device driver 15
15 (executing in controller 42) sends a signal to transducer
head 22 to move transducer head 22 to locations on hard disk
12 from which data is to be read (process 19).
Transducer head 22 senses flux transitions as it
"flies" in close proximity to a specified location on hard
20 disk 12. These flux transitions 50 are provided to pre-
amplifier 37. Pre-amplifier 37 is a voltage pre-amplifier
that amplifies the flux trénsitions from millivolts (mV) to

volts (V). The resulting pre-amplified analog signal (or



read data fromthe second location on the storage nediumin %g.j onse:to the
. command, the first |ocation preceding the second | ocation ih 2@¢ti on of
_novenep& RL‘% e storage nedium during reading; 20 wherein reading data from
the fi PR V®%tion and reading data fromthe second | ocatCoSAPA26I2; f or ned
as part of a single access of the storage nmediumin response to the
command. 16 1 8 JUN 200 20. The conputer program of claim 19, wherein the
first location is adjacent to the second |ocation. 21 ( The conputer
program of claim 19, further conprising instructions that 5 cause the host
processing device to_read data froma third |ocation on the storage nedi um
., the thi'faafdcgiioddl olSillovisnprovd dsst dml Y@k al 9 on VeAt Be dureeldron of
novenent of {he storage nedi um during reading. 22. The conputer program of
cl ai m 2123"RhafePF RS Filodalo&dt ipad inrauides entrdgul bitbeaseddfd ed

| ocation, 23. The conputer program of claim19, further conprising
instruct?%ﬁg sl (e aggechélH5§F #lcessing device to receive the conmand

froma conputer program executing on the host processing device. 15 24. The
conput er prograr‘ﬁolof@%lfarq ﬁ%,a?ﬁ?‘ﬁg?gcgﬁrﬁﬁﬁ/ﬁ@%&ﬂktﬁ% that cause
t he hest LN ice to_store data read fromthe first and second
Iocatgo 8§%§§E§%ngr§%§ﬁ ?ﬁ%lﬁiéy HEESS iR eV XB. avpl 2Eiedn rgashr at us

for reads g gt 3,1 0Fya gl ar 998 Mediwm, GORY] SLOg:, & EADLy Wi ch stores

conput er ucti ons; procéssor whic nput er

o 24 ) Al 2o, | DALILAGR (P 2RSS
hard disk 12 from which signal 52 ultimately originated.
Resulting filtered signal 54 is subjected to sampling and

10 quantization within high-speed A/D convertexr 41. A/D
converter 41 outputs digital data 55 generated from signal
54. Data 55 corresponds to the data stored on hard disk 12.

Writer 45 is provided for writing data to hard disk
12 (via transducer head 22). Memory 27 stores computer

15 instructions (including firmware for device driver 15) for
implementing process 19. bMemory 27 also storés
scatter/gather list 26.

Processes 19 and 30 are not limited to use with this
foregoing hardware and software configurations; they may

20 find applicability in any computing or processing
environment. Processes 19 and 30 may be implemented in-

hardware, software, or a combination of the two. Processes

19 and 30 may be implemented in computer programs executing

- 10 -



'démahd data, (ii.) store the denmand data in a region of rrermry‘,asﬁlgﬁe&ii)
4 n

_issue an 17 1': 8 J UN 2pp~ after the demand data has been
menory angyown/4e¢993 he prefetch data is being read. 26. The apgp{tbdesRf

cl aim 25, wherein the processor executes conputer 5 to consult a database
to determ ne when to issue the interrupt. 27. The apparatus of claim 26,
wherei n the database conprises instructions for the data and for issuing
the interrupt. 10 28. The apparatus of claim25, wherein the denand data is
read froma first on the storage nedium and the prefetch data is read from

a second | (] ~t i the first_ lacation preceding the
second |0C§%?&%9%%9§? |r%%t?%ﬂ§§Fggg #ﬁéts?8F génﬁéﬁgﬁm%ﬁﬂq %%%ﬁd%ﬁ. 15
29. An a i ng. f S di um af di sk dr.i v a
vorory whi cleaaRad Med R Meadable BOTLAC baLRIESEC R dhid ottt

the conput eqnd neddk LediHns1é omé‘héryeaﬂd?a}as%eabé feilre%en%(}t,ggaiftloé

‘mediumin response to a command requesting data~at a secon ocation on

the storagernedingut adel{éé) sradofat arf mevet BarpagoudyiQeation on the
mediumin response to the command, the first |ocation preceding the second

in a dirBction of Bacamemchopriduerast atagodaEdiplamkitad (£a8i Adghl8ever 8
JUN 2pp~ wherein reading data fromthe first location and reading data from
t he second procedural or object-oriented programming language to
communicate with a computér system.l However, the programs
can be implemented in assembly or machine lanéuage. The
language may be a compiled or an interpreted language.

10 Each computer program may be stored on a storage
medium or device (e.g., hard disk or maghetic diskette) that
is readable by a general or special purpose programmable
computer‘for configuring and operating the computer when the
storage medium or device is read by the computer to perform

15 processes 19 and 30. Processes 19 and 30 may also be
implemented as a computer-readable storage medium,
configured with a computer program, where, uponvexecution,
instructions in the computer program cause the computer to
operate in accordarice with processes 19 and 30.

20 | Other embodiments not specifically described herein

are also within the scope of the following claims. For

example, features of processes 19 and 30 can be combined in

. a single embodiment. Additional entries may be added to

- 11 -



“ion are performed as part of a single access of the storaﬂe medi um i n,
. response to the 5 30. The apparatus of claim29, wherein thd YUN 004! ocat i on
is adj 6@ pi/4d793 t he sec nd | ocation. 31. A nethod of readippgnstabazdizom a
storage nedium conprising: reading data on the storage nediumin response
to a command; 10 storing the data in a region of nenory; and consulting a
dat abase to determ ne when to issue an interrupt; wherein the interrupt is
i ssued after a predeterm ned portion of the data has been sto ed in nenory.
15 32. The nethod of claim 31, wherein the database conprises instructions
for sto | fQr Jissuing the interrupt. 3 3. The nmethod of
clain131%Q%B%€g(%g%%g§3gﬁ§%a§gsEéhprlgﬁiIgﬂéd%T$£§?g%ﬁhﬁ? tSSUR 20 34. The
met hod of 381 @i ; j he { ' tion of data is read from
! agi2iBhal iwee ! x?%f‘e .
a first %oécia_t?on ont he&‘si-ltug)rttg'ge %e | urr%éngdrig%él)l%o%gl C%tgel Esﬁéa&c’f rom a
second | geabk@nNaQRat Be orbedr 39e SRR ey d IS iéggfﬁef&d%gfgg]kg%aﬁhe

second location in a direction of novenent™ of the or age ne uring

readi ng.md&@ia, 1s8chUNs2004 35co detdy fy cl5gha 3fw r i sing
reading data froma third | gcat i-H(%% on I%l%g{é;t)or age rregi]ar#i%%g -t\,%?%g,r
| ocat isonppsesefi ngniheLfi rIpigneSeqantkdwepipons, | ey disegligrof 5
novenent of the storage nediumduring reading. 5 36. A machi ne-readabl e
medi um thay s¢ capsAAst(radivianeed Tadahbiaha At tielnshOr pg8rawdir-um t he
instructions causing a machine to: read data on the storage nediumin
r esponseProcaseeanmafdanst e malye bdatexdqutaed eigh om @i f fereny; oaddrl0 consul t
a dat abase to determ ne when to issue an interrupt; wherein the interrupt
i s i ssuekramtehah pheyat angi/e&d ope A Mmete teeepit thémecbewaysbered in
menory. 37. The _machi ne-readabl e nmedi um of claim 36, wherein the database
15 conpre¥eSutadt FRECPSRENTAY ‘st Fhehg RN R By Perussduwaght psher
Inte&%uDé&orage media, such as optical disk drives and magnetic

recording devices.

15

20

- 12 -



3%$. The machi ne-readabl e medi um of claim 36, wherein the database conprises
. a scatter/gather list. 20 39. The machi ne-readabl e nedi um of tBaiun 364
Wherein the predeterm ned portion of the data is read froma first location
on the storage nedium and additional data is read froma second | ocati on on
the storage nmedium the first |ocation preceding the second |location in a
direction of novenent of the storage nedi umduring reading. 20 1 8 JUN
2004 40. The machi ne-readabl e medi um of claim 39, further conprising

i nstructi onsAdMSause the machine to read data froma third |ocation on
the storage nmedium the third |ocation preceding the first and second

| ocations in a direction of novenent of the storage nedi um during reading.
5 41. An apparatus for reading data froma storage nedium conprising: a
menory whi ch stores conputer instructions; and a processor which executes
the conputer instructions to (i) read data on the storage mediumin
response 0 a ComAN méhbd offedlifie i ftih @ sltad héHbA cdfprtRiRr v, 10 and
(iii) consult a database to deter en to 1ssue t he |n er upt wherein
t he |nter§upt is |s ued gfte gl)Fredet rm ned gort on of tﬁ tta has been
stored in’ menory. "42"8 %’515 S TRFATUPAR FSSRDSe [ 8 SR ?ﬁbase
conprises instrucgtions for ;(i r| ng he data and for issuing the

i nterrupt. 48OMPrag BYsHe Pléfi%}%a a% wherein the database conprises a
scatter/gather list. 20 44. The apparat us of claim4l, wherein the

pr edet er mi ned por stoving te dtmeadidetarieadegionnf mefors@and ocat i on on the stor age
medi um and additional data is read froma second |ocation on the storage
nmedi um the first idsoiagtah dmteRisteddt he demand elertthsbeaditbRd in memory and while

the prefetch data is being read.
10
2. The method of claim 1, further comprising consulting a database to

determine when to issue the interrupt.

3. The method of claim 2, wherein the database comprises instructions for

15  storing the data and for issuing the interrupt.
4. The method of claim 2, wherein the database comprises a scatter/gather list.
5. The method of claim 1, wherein the demand data is read from a first

20  location on the storage medium and the prefetch data is read from a second location on

the storage medium, the first location preceding the second location in a direction of

movement of the storage medium during reading.

13



in a direction of novenent of the storage nedi umduring reading. 21 18
. JUN 200g 45. The apparatus of claim44, wherein the processo ecut es
.dinstructions to read data froma third | ocation on the storazjeaery)r%im t he
third location preceding the first and second locations in a direction of
novenent of the storage nediumduring reading. 5 46. A nethod of reading
data froma storage nedium conprising: reading data on the storage nedium
in response to a command, the data conprising prefetch data and denmand
data; storing the demdid athed ohelainy dglusthergomnsiningreading additipnal prefetchn
interrupt after the demand data has been stored in nenory; wherein the
demand dat a iatafreayia thishhoeatfonrentthe storage oredoum t the third loagtiomprdcadingthd firste
prefetch data is read froma second | ocation on the storage nedium the

first |ocati am ggcondhbicagorishe agéreaivh dfagatehRAt dtha stdidpe Ghdddiin Alrin®yeRaRpt of
the storage nmedi umduring reading. 15 47. The nethod of claim46, further
conprising consulting a database to determ ne when to issue the interrupt.
48. The nethod of claim47, wherein the database conprises instructions for

20 stori 19, (e 9aha ANl L SAP B Pk % TUTEFALRRE) €l 2,
50. The net h?n%dﬁl];n g}éﬂ&irsq(ﬁgbe’fcgrrn'&)pltsai%g:corrpr i sing reading additional prefetch
reading data from a first location on the storage medium in response to a
command requesting data at a second location on the storage medium; and
reading data from the second location on the storage medium in response to the
10 command, the first location preceding the second location in a direction of movement of
the storage medium during reading;
wherein reading data from the first location and reading data from the second
location are performed as part of a single access of the storage medium in response to
the command.
15

8. The method of claim 7, wherein the first location is adjacent to the second

location.

9. The method of claim 7, further comprising reading data from a third
20  location on the storage medium, the third location following the second location in the

direction of movement of the storage medium during reading.

10. The method of claim 9, wherein the third location is adjacent to the second

location.

14



"data froma third location on the storage nedium the third |ocation
_ preceding the first and second locations in a direction of no M 28y the
_storage medi um during reading. 5 51. A machi ne-readabl e medi umthat Stores
instructions to read data froma storage nmedium the instructions causing a
machine to: read data on the storage nediumin response to a conmand, the
data conprising prefetch data and demand data; store the denmand data in a
region of menory; and 10 issue an interrupt after the demand data has been
stored in nenory; wherein the denand data is read froma first |ocation on
the storage nedium and the prefetch data is read froma second | ocation on
the storage medi uiri. tTke fethet of clafh i7ofurtheeaeiirising ieeciving dhaicdnomand Gomian a
direction of novenent of the storage nmedium during reading. 15 52. The
nmachi ne- r eadahhputePplogiinPéxcelifingdbthe hbstrprbeksin@d®vitsi ng i nstructions that
cause the machine to consult a database to determ ne when to issue the
interrupt. 53. The nmachi ne-readabl e nmedi um of claim52, wherein the
dat abase 20 conprises instructions for storing the data and for issuing the
interrupt, 54. The,maghi ne-readapl e dj f ¢l ai > i
dat abase %orrpri segza iﬁ%ﬁ&pﬁé’gf’ﬁ@ 7??“&&%"&41’?%%%@ %?@ﬁ%g{% first
machi ne-readabl e medi um of claim52, further conprising instructions that
cause the naend sreond lacationsin@ingrasryionthehest prpcgssing cfe,v a third location on
the storage nmedium the third |ocation preceding the first and second
| ocations in a direction of novenent of the storage nmedi um during reading.
5 56. An apparatus for reading data froma storage nedium conprising:

13. A machine-readable medium that stores instructions to read data from a

storage medium, the instructions causing a machine to:
10 read data on the storage medium in response to a command, the data comprising
prefetch data and demand data;
store the demand data in a region of memory; and
issue an interrupt after the demand data has been stored in memory and while

the prefetch data is being read.

15
14. The machine-readable medium of claim 13, further comprising
instructions that cause the machine to consult a database to determine when to issue the
interrupt.
20 15. The machine-readable medium of claim 14, wherein the database

comprises instructions for storing the data and for issuing the interrupt.

16. The machine-readable medium of claim 14, wherein the database

comprises a scatter/gather list.

15



‘a menory which stores conputer instructions; and a processor which executes
. the conputer instructions to (i) read data on the storage nedi 8n3iJ|ﬂN A
.-response to a conmmand, the data conprising prefetch data and 1 deman%n
data, (ii) store the demand data in a region of nenory, and (iii) issue an
interrupt after the demand data has been stored in nenory; wherein the
demand data is read froma first |ocation on the storage nedi um and the
prefetch data is read froma second | ocation on the storage nedium the
first location preceding the second |ocation in a direction of novenent of
t he storage nediu uring 15.reading. 57. The a atus ,of claimbg, |
wherein the procesSor Tlé%?g’&a(?g@f F@P‘iﬁ’?‘iﬁl}ﬁ’sOfﬁla%gﬂéﬂlier%ind%élﬁ%‘é%j’gﬁa15
determ ne when to issue the interrupt. 20 58. The apparatus of claim57,
wherei n the dgabiiame fFshioeationson the s impefiumn@end sthe prefiejch Heta dtead &t 4 or
issuing the interrupt. 59. The apparatus of claim57, wherein the database
conpri ses a seainddoé¢agimnivarthé stetage 2dediun, tBe fitdillatation pecedihg tirppeommal losativh
claimb56, further conprising reading additional prefetch data froma third

| ocation @n tihe dieoti@oel meeinkht of e stdthdednbdiGatd@ingRéfReadi ng the first and
second locations in a direction of novenent of the storage nmedi um during

reading. 5 61. A nethod of reading data froma storage nedi um conprising:
readi ng data on the storage nmediumin response to a command, the data

conpri sing prefet data_and. demand, dat t he ,pref et data being read from
an area of the stglgag |c§’rﬂefrﬁ%4‘é‘%kﬁr88§8@sOfﬂgmbljeﬁ’éﬁahﬂéioglﬁrﬁmﬁ di rection

of novenment qf the 10 storage nedium durinpg reading and frogman area of the
storage medi dAftRIGEORhRtRANSE the macharkiogsadadditiopalipicieieh data fommp thirdd aeation

the storage nmedi um during reading; _
on the storage medium , the third location preceding the first and second locations in a

10 direction of movement of the storage medium during reading.

19. A computer program stored on a computer-readable medium which causes
a host processing device to read data from a storage medium of a disk drive, the
computer program comprising instructions that cause the host processing device to:
15 read data from a first location on the storage medium in response to a command
requesting data at a second location on the storage medium; and
read data from the second location on the storage medium in response to the
command, the first location preceding the second location in a direction of movement of
the storage medium during reading;
20 wherein reading data from the first location and reading data from the second
location are performed as part of a single access of the storage medium in response to

the command.

16



. after the demand data has been read. 15 62. The net hod of cIaigm&l further
.conprising consulting a database to determ ne when to issue th Y, |

storing the demand data in a region of nenory; and issuing an interrupt

t.
63. The nethod of claim62, wherein the database conprises instructions faor
storing the data and for issuing the interrupt. 20 64. The nethod of claim
62, wherein the database conprises a scatter/gather list. 25 1 g JUN 2004
65. A nmachi ne-readabl e mediumthat stores instructions to read data froma
storage nedi um tRE i B¢ serepytesiyogramsofirdaim tohavherein the firstdaeptigninadiscenhie |
storage nediumin response to a conmand, the data conprising prefetch data
and demand d#tesecarddogatiohet ch data being read froman area of the storage 5
medi um t hat precedes the demand data in a direction of novenment of the
storage nediumduring reading and from an area of the storage nediumthe
follows the demand data in a direction of novenent of the storage nedium

during reading; sboreThdgHENENStofahfof dhif rﬁmra{erg%mg:mgmst thrs S an

interrupt after the demand data has been read. 10 he” machl ne-readabl e

medi um of . cl ai m further. copprising,instyuctions that cause the machi ne
Fo consul 1 a Clap St blg e Boice A Bg TS hBRF o Srotelf "The
machi ne-r eadabl e meg}ieu, { cl aim. 66, erein, the dat aRa e 15 caonpri ses

i nstructi ons MeGRM itﬁé‘? Oqatt oW the secord {ncation mdhe diregtion,of meygment, o
machi ne-r eadabl e medi um of claim 66, wherein the database conprises a
scat t er / gat hef thejstarage medium during reading.

22. The computer program of claim 21, wherein the third location is adjacent

10  to the second location.

23. The computer program of claim 19, further comprising instructions that
cause the host processing device to receive the command from a computer program

executing on the host processing device.

15
24. The computer program of claim 19, further comprising instructions that
cause the host processing device to store data read from the first and second locations in
a memory on the host processing device.
20 25. An apparatus for reading data from a storage medium, comprising:

a memory which stores computer instructions; and
a processor which executes the computer instructions to (i) read data on the
storage medium in response to a command, the data comprising prefetch data and

demand data, (ii) store the demand data in a region of memory, and (iii) issue an

17



20 69. An apparatus for reading data froma storage nedium conprising: a
» menory which stores conputer instructions; and a processor whigh W(Z‘ddxes
.the conputer instructions to (i) read data on the storage nediumin °
response to a conmand, the data conprising prefetch data and demand dat a,
the prefetch data being read froman area of the storage nediumthat 26 1
8 JUN 200 precedes the denmand data in a direction of novenent of the
storage nedi um duri eadi n nd froman area of the storage mediumthe
follows the YBFFEYRS aﬁgli ‘i\e.%ﬁmag%i%@@éw gﬁelb?ftorﬁé%%mormndm@l%%érpaefetchﬂaiaum
during reading, (ii) store the demand data in a region of nmenory, and (iii)
i ssue an int#& regdt er the demand data has been read. 5 70. The apparatus
of claim69, wherein the processor executes instructions to consult a

dat abase to determ ne when to issue the interrupt. 71. The apparatus of
claim 70, wherein the database conprises instructions for 10 storing the

data and for issuppg Theappatfis dflaim3, wﬂ@?eir?‘fh%??@&k‘s%r Ekechtedd'chplter WhET €1 N

t he dat abase conprises a scatter/gather |ist.

. Aa. ALN. A . Al . YR AVE. Ae.. AL i
. An3R. EES ABSQL’?&’KS F‘?Agof}%‘gl_t&%Fﬁ%_tﬁgﬁé@@%ﬁ%iﬁ_sws@_g,ggtf@rgp% 01M ~DI VM#n
h 3
} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a]ca
ca] cal ca] ca] ca] c"a]/cRaIllc"a] c<a] cal anz] cal =AB

27. The apparatus of claim 26, wherein the database comprises instructions for

storing the data and for issuing the interrupt.

10 28. The apparatus of claim 25, wherein the demand data is read from a first
location on the storage medium and the prefetch data is read from a second location on
the storage medium, the first location preceding the second location in a direction of

movement of the storage medium during reading.

15 29. An apparatus for reading data from a storage medium of a disk drive,
comprising:
a memory which stores computer instructions; and
a processor which executes the computer instructions to (i) read data from a first
location on the storage medium in response to a command requesting data at a second
20  location on the storage medium, and (ii) read data from the second location on the

storage medium in response to the command, the first location preceding the second

location in a direction of movement of the storage medium during reading;
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109%& () - YLO%@E () - mLO%@E' () -3 10%G& () - 9T L0%G& () -
| ~Di K- $9 #10%& () - y#10%& ()-f! 10%& () -, y10%a& ()-ss! 10%a& ()- 10%@& ()-
10%@& ()-1 VM K- 7 10%@& ()-5 10%@& ()-210%@& ()-LO! 109%@& ()- S, 10%@& ()- &
10%@& ()- ( 10%@&33.) - Hhd wethod 0Faing B1,10bagein)the dB8kEs¢ femprises a scatter/gather
1 1098 () - M& 10% () - 10@L0GL0@9S 10%G& ()- h =i K- Ks% 109%& ()- # 10%& () -
y! 109%&' ()- figO%& ()-s& 10%& ()-!10%& ()-10%& ()- AB
)i K-K5109%&' ()- 21 109%& ()- LOT#10%& ()-. 10%& ()-y,S 109%& ()-

20

34. The method of claim 31, wherein the predetermined portion of data is read
from a first location on the storage medium and additional data is read from a second
location on the storage medium, the first location preceding the second location in a

direction of movement of the storage medium during reading.
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L*S 109 ()- (@10%& ()-),-./<4i K510%&' ()- @ 10%&' ()-Z10%& (). @O0%& () -
. %0% ()-101010 ,; 10%&' ()-4AB>i K-K# 109%&' ()- ! 109k () - 1091 ) Jugf 2004
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N @#109%&' () - s10985.() Themehwd, of rlamm '34,(1‘31&11@1)6011’1‘1)13%@ r¢dding data from a third
, 101" 2" ?" zpf HLO! 109&' F940%&' () - 101010 ,; 109&' ()- 29! 10%&' ()-L010%&' ()-(
109& () - 2" " " 1gtafisibodine stord@mbedinms e Hhird Poc&tl&{’/ﬂ’feéédl f' @s)taﬂl@%?eoﬁh
109%&' ()- 109 ()-j $$9%1&78&&&E3" | K- HFf , @ 10%&' () - 9* 10%& (
(910%& ()-s% &% )2)i K- H3
100! 0O - oy (?L(%ég? )n%dﬂ'(%gtf/béfé rﬁ510(y&9{§‘1h )sfofr%%%%l&}l dﬁrlng 4e(a(ifr{g
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10% u&' ()= ' 10% ug&!’ O)- Y°/<10% u&' ()-101010z**+++ +! +-+J+f D3, ;
109&! 3P! 310% T& ()3 2100
mac 1ne-readable medium that stores instructions to read data from a

storage medium, the instructions causing a machine to:
read data on the storage medium in response to a command;
store the data in a region of memory; and
10 consult a database to determine when to issue an interrupt;
wherein the interrupt is issued after a predetermined portion of the data has been

stored in memory.

37. The machine-readable medium of claim 36, wherein the database

15 comprises instructions for storing the data and for issuing the interrupt.

38. The machine-readable medium of claim 36, wherein the database

comprises a scatter/gather list.

20 39. The machine-readable medium of claim 36, wherein the predetermined
portion of the data is read from a first location on the storage medium and additional
data is read from a second location on the storage medium, the first location preceding

the second location in a direction of movement of the storage medium during reading.
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10-ul0-ul0-u3,; 10% u& ()- 10% u& ()-s10%u& ()- J+0,----@wWHAfD

. L $10%U& () -!cL $10%EG& () -!L $10% B"B& () -!L$10%%T%& () - ! $19%BBEN (20gs! $10
UBB& ()-@..d y/z/ {/wxof D

, " 109d& ()-M @10%T& ()-L!'sL $10% /& ()-!PL $10%h& ()-! L $10%T& ()-!'ZL" $
109&Zz& ()-{//1111111{\= Y@ 10%& ()-LI-109%& ()-

1'109%& ()-F!'!'" 109! 0! & ()-F 10T 10T 10T510% & ()-/000-112| Z;{\=

lt!10%& ()-!f,$10%°P& ()-nYL "10%& ().-! qY%(' 109%&: (f) -1Ys' 10%b& () -

Ys' 109&' () - 2V23D3 Q@.} 3§Wgh1pe_-reggg}a}&n(epuyn of claim 39, further comprising instructions
10907& ()-*"109%T& ()-1)"10%& ()-!y#$10%PP& ()-1! "109F& ()-34 444444) 4uj @
"F109Z& ()- thoTause thelroadinc0oréad data fromGodnigd (gcad v 0841 s¢iragd inedium, the

1099 T& ()-!4-4;445B5t5dE _@ Y109%Z&' ()- @®10%Z& ()-q &10%Z3& ()- @

109%Z& () - ! s 16tredflotationln86éding)thé Bixbb&CamtBlocdBons in a direction of movement of the
I"109%Z6Z26& ()-"10%Z& ()-!109%Z& ()-10%Z& ()-10%Z& ()-!10%Z& () - Gr777878wWSdE]

_@! - $109Z& (ihy é‘ﬁéﬁ" dling fAE () -
109%&Z&' ()-% 10‘Véacé -@Ofﬂl{g -V\gSS, 929394959A9xnbC ! 109%&' ()- 10Z 10z
102610‘VZ8$' ()-3"109%Z& ()-31Z2"10%Z& ()-S/"10%Z& ()- A9\ 9999: | : dEnbC !
10%&' ()-sT10%& ()-910%& ()-: (109& ()-9s!10%& ()-"310%& ()-yl::::;P;; dEnmbC
I, $109&' ()-LS10%&' ()-1109%& ()-10%& ()-10%&k ()-L!10%& () -;{<<<=K==dEnbC
| * 109 (Q) 10%&: (‘§3 40 FOBREY y%qrm%%&%tae%#ﬂn@wa@; medium, comprising:
"109& () -===4>n>t >u>v>w>dYNC ! 10 10 10f510%& ()- Yy2S&10%& ()- 0" 10%& ()-.
1098 () -, " 109&' () 2 mesory WIS FArOpueRr inytrockioos@d () - F
V' 10%@&' ()-s ! 10%@& ()-!! Y10%@m&' () - L10%a& () - ?' @G @IBAHAJEYNC
&10%a&' () - YF10%@&a pyocg &b WiRh(exeCul &M computeDNEEIdtJons to (i) read data on the

storage medium in response to a command, (ii) store the data in a region of memory,

10 and (iii) consult a database to determine when to issue the interrupt;
wherein the interrupt is issued after a predetermined portion of the data has been

stored in memory.

42. The apparatus of claim 41, wherein the database comprises instructions for

15  storing the data and for issuing the interrupt.

43, The apparatus of claim 41, wherein the database comprises a scatter/gather

list.

20 44. The apparatus of claim 41, wherein the predetermined portion of data is
read from a first location on the storage medium and additional data is read from a
second location on the storage medium, the first location preceding the second location

in a direction of movement of the storage medium during reading.
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wherein the demand data is read from a first location on the storage medium and
the prefetch data is read from a second location on the storage medium, the first location
preceding the second location in a direction of movement of the storage medium during
reading.
15
47. The method of claim 46, further comprising consulting a database to

determine when to issue the interrupt.

48. The method of claim 47, wherein the database comprises instructions for

20  storing the data and for issuing the interrupt.

49. The method of claim 47, wherein the database comprises a scatter/gather

list,
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@ 10%: () 5] >kkkk2lsh I dRYNCohine-readable medium that stores instructions to read data from a
storage medium, the instructions causing a machine to:
read data on the storage medium in response to a command, the data comprising
prefetch data and demand data;
store the demand data in a region of memory; and
10 issue an interrupt after the demand data has been stored in memory;
wherein the demand data is read from a first location on the storage medium and
the prefetch data is read from a second location on the storage medium, the first location
preceding the second location in a direction of movement of the storage medium during
reading.
15

52. The machine-readable medium of claim 51, further comprising instructions

that cause the machine to consult a database to determine when to issue the interrupt.

53. The machine-readable medium of claim 52, wherein the database

20 comprises instructions for storing the data and for issuing the interrupt.

54. The machine-readable medium of claim 52, wherein the database

comprises a scatter/gather list.
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56. An apparatus for reading data from a storage medium, comprising:

a memory which stores computer instructions; and

a processor which executes the computer instructions to (i) read data on the
storage medium in response to a command, the data comprising prefetch data and

10 demand data, (ii) store the demand data in a region of memory, and (iii) issue an

interrupt after the demand data has been stored in memory;

wherein the demand data is read from a first location on the storage medium and
the prefetch data is read from a second location on the storage medium, the first location
preceding the second location in a direction of movement of the storage medium during

15  reading.

57. The apparatus of claim 56, wherein the processor executes instructions to

consult a database to determine when to issue the interrupt.

20 58. The apparatus of claim 57, wherein the database comprises instructions for

storing the data and for issuing the interrupt.

59. The apparatus of claim 57, wherein the database comprises a scatter/gather

list,
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61. A method of reading data from a storage medium, comprising:
reading data on the storage medium in response to a command, the data
comprising prefetch data and demand data, the prefetch data being read from an area of
the storage medium that precedes the demand data in a direction of movement of the
10 storage medium during reading and from an area of the storage medium the follows the
demand data in a direction of movement of the storage medium during reading;
storing the demand data in a region of memory; and

issuing an interrupt after the demand data has been read.

15 62. The method of claim 61, further comprising consulting a database to

determine when to issue the interrupt.

63. The method of claim 62, wherein the database comprises instructions for
storing the data and for issuing the interrupt,

20

64. The method of claim 62, wherein the database comprises a scatter/gather

list.
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read data on the storage medium in response to a command, the data comprising
prefetch data and demand data, the prefetch data being read from an area of the storage
5 medium that precedes the demand data in a direction of movement of the storage
medium during reading and from an area of the storage medium the follows the demand
data in a direction of movement of the storage medium during reading;
store the demand data in a region of memory; and
issue an interrupt after the demand data has been read.
10
66. The machine-readable medium of claim 65, further comprising instructions

that cause the machine to consult a database to determine when to issue the interrupt.

67. The machine-readable medium of claim 66, wherein the database

15 comprises instructions for storing the data and for issuing the interrupt.

68. The machine-readable medium of claim 66, wherein the database

comprises a scatter/gather list,

20 69. An apparatus for reading data from a storage medium, comprising:
a memory which stores computer instructions; and
a processor which executes the computer instructions to (i) read data on the
storage medium in response to a command, the data comprising prefetch data and

demand data, the prefetch data being read from an area of the storage medium that
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consult a database to determine when to issue the interrupt.

71.  The apparatus of claim 70, wherein the database comprises instructions for

10  storing the data and for issuing the interrupt.

72.  The apparatus of claim 70, wherein the database comprises a scatter/gather

list.
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