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I *166166* READI NG DATA FROVA STORAGE MEDI UM Background of the Invention
5 This invention relates to reading d froma storage nedi um 11+ 4UN

2006 When reading data froma storageﬁlﬂ%ﬂ”’ﬂlﬂﬂlﬂ%“h as a hard disk, a host
drivel reads the requested data, cal data", along with data
fromother |ocations on the hard disk. Th@lsstata from the other |ocations
is called "prefetch data" and 10 corresponds to addresses on the hard disk
that are likely to be read READING DIATRA FROMARTORA GESUMMR{Y of the

I nvention According to the invention in a first aspect, there is provided a
met hod of 15 reading data froma storage nmedi um conprising: reading data
on the storage nediumin response to a command, the data conpri sing
prefetch data and denand dat a; Stoézji%gr%zﬁﬁofﬁl%%odn data in a region of
menory; and issuing an interrupt a a has been stored. 20
According to the invention in a second aspect, there is provided a nethod
by which a host processing device reads data froma storage nedi umof a

di sk drive conpri-si-ng: readi data froma first location on the storage
nedi umin rsesponse Sglve%tbqﬂfﬁ[‘]?gesrt%&??é@cgi%@%é serage mediond | ocati on on

t he storage nedium and readi ng data

When reading data from a storage medium, such as a hard disk, a host driver
reads the requested data, called “demand data”, along with data from other locations on
the hard disk. The data from the other locations is called “prefetch data” 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 Accordihg 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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fromthe second |ocation on the storage mediumin response to the,c ,
the first 1 *@&0002* 1 4 JUN 2006 | ocation preceding the second location’i
a direction of novenent of the storage nedium during reading; wherein
reading data fromthe first |location and reading data fromthe second

| ocation are perfornmed as part of a single access of the storage nmedium in
response to the conmand. 5 According to the invention in a third aspect,
there is provided a cqnputer- readabl e nmedi umthat stores conput er
program conﬂPFaé’ioﬁd’r?cl‘?g’tnlng‘? ?%H’%‘F?’Saﬁ‘(@a}& adﬂ'ieﬁtm‘? ?%ﬁ?‘éf“%%ng'ﬁs rT%?eum t he
instructions causing a conputer to: read data on the storage nediumin
response to medivmiag reading athgreinreadingidag fpme the fimt lggationang raglingedaing

data; store the demand data in a region of nenory; and issue an interrupt
after the desmnitt gadad bastidnera pafated as panrefiosipgkradceskiof thetsherager rméditimh
data is being read. According to the invention in a fourth aspect, there is
provided a Garabale toRROMRAMSS Or ed on a conputer-readabl e medi um whi ch
causes a host processing device 15 to read data froma storage nedium of a
di sk driwe, the conputer program conprising instructions that cause the
host processing device to: read data froma first |location on the storage

medi umin responsg to,a command r.equesti da at .a second | ocation on

t he storage nedi dﬁ?co ﬂagf"e‘eﬁ‘a ”HV§P£\°9 %t}?rags%egifg%ede SREBY I8N GAPH r'storage
mediumin response to the command, the first |ocatiaon precedi nthe second
| ocati on i n 'sadpbleapedigm that stores a computer program comprising instructions to réad data

from a storage medium, the instructions causing a computer to: read data on the
storage medium in response to a command, the data comprising prefetch data and
10 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.

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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20 of novenent of the storage nedi um during readi ng; wherein reading data
fromthe first location and reading data fromthe second | ocati dn* ab¥ 2006
performed as part of a single access of the storage nediumin response to
the command. la 1 4 JUN 2006 According to the invention in a fifth aspect,
there is provided an apparatus for reading data froma storage nmedi um
conprising: a nenory which stores conputer instructions; and a processor

whi ch executes the sompdingto theshvantibh dms fifth abpect, tead idabiide®in hffRrahOfRIe
mediumin response to a conmand, the data conprising prefetch data and 5

demand data, (dekdingUdta€rdnh@ sedBRkedahacdnhriid i@t JIBIPLYres @qugl(.\fg{r‘]:j)

issue an interrupt after the demand data ‘has been stored | n nenor

whil e the prefigialttidal; and a$SrHeLRY W i to the i.nventi.on i.n
sixth aspect, there is prgéfded anlgggﬁ?égﬁgﬁgéggmfﬁfPgéaﬂﬁasaébg“?ﬁéﬁga

st orage nedi urgohe o6 al ri.sing: a ry. which stor onput er

i nstructions; élndeaopl‘g%?éésaé%%?%eﬁg 8@%E?@@@@Sﬁ%&?@pﬂ?lﬁg@pﬁ%ﬁéﬁ@apg
(i) read dat rom.a fi.rst lgcafion.qn the storage nediumin response to a
conmand rgquggﬁpﬁgdﬁ?tQD§L“38§é%HWBd86@éP?6ﬁ¥@ﬁ° Hemens pag Hiijisgiemm  and
(ii) read data fromthe second |ocation on the storage nediumin response
to the command™erHE! Fier the demand; date b heeasotidig mémoryend whileabapietsich data
direction of novenent of the storage nediumduring reading; wherein
readi ng data fiybgingreadfirst |ocation and reading data fromthe second

| ocation are perfornmed as part of a single access of the storage nmediumin
response to the command.

According to the invention in a sixth aspect, there is provided an apparatus for
10 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 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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20 According to the invention in a seventh aspect, there is provided a

nmet hod of reading data froma storage nedium conprising: readirg deka0gn
the storage nmediumin response to a command; storing the data in a region
of mefory; and consulting a database to determ ne when to i ssue an _
interrupt; wherein the interrupt is issued after a predeterm ned portion
of the data has been stored in nmenory. Ib 1 4 JUN 2006 According to the
invention in an ei gAtévrdsgecthe inheitienisapsighihdegedd e Aovided adabhgredi um
that stores instructions to read data froma storage nmedium the

instructions crRHGHMImadiBLhaRodedinstr8@Hhndas faQ 'aattar}f‘on? b ?T% yrﬂgcg‘jﬁxgmhie n

response to a comand; store the data in a region o consult a

dat abase to defheuBtidgs Satdheh hAcHiRS e Al d%t{ato?lrtfléj %é{agg\hﬁgergﬁ%lg giggy%}g%gg {1 l;pt

is issued after a predeterm ned portion thhe & has s provi dog an
menory. Accordi . vention.i.n a.ninth aspect, reis :
appar atus for %O?gg%ﬁhég?a{hg d?i{rao% ée%lf’%?g’@gmﬁ@dlaﬂ Co‘@b‘ﬁﬁrv\fg’r%ﬂ& toéieFFét Wb‘es?‘e%/he
whi ch stores ¢ ter 10 instructjons; and a processor i ch execu _
comput er i st r%%%?uf’&“(r?t?"?@aﬁ _?fé’cnafhe BHCTTH IsisBied géehe tiedateimined ppoitae
to a coomand, (ii) store the data in a region of menory, and (iii) consult
a dat abase t o Hdikdaip hes hgsastored ingnermotyhe interrupt; wherein the interrupt
is issued after a predetermined portion of the data has been stored in
menory. 15 According to the invention in a tenth aspect, there is provided
a nmet hod of :
According to the invention in a ninth aspect, there is provided an apparatus for
reading data from a storage medium, comprising: a memory which stores computer
10 instructions; and a processor which executes the computer instructions to (i) read data
on the storage medium in response to a command, (ii) store the data in a region of
memory, 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.
15
According to the invention in a tenth 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; 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 Jocation preceding the second location in a direction of movement of

the storage medium during reading.
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reading data froma storage nmedi um conprising: reading data on trg gﬁp&@ge
mediumin response to a conmand, the data conprising prefetch da d
dermand data; storing the demand data in a region of nmenory; and issuing an
intertupt after the demand data has 20 been stored in nenory; wherein the
demand data is read froma first |location on the storage nmedium and the
prefetch data is read froma second | ocation on the storage nedium the

first |ocation preckdionting fethsésantdoh Qp@iél@%nkma%e&i, fhefelis BRvled YR, Of
the storage mediumduring reading. 1C 1 4 JUN 2006 According to the

invention in aBa@bRVAEdiImABReEres fn@ﬁﬁé?ié)irﬁ tcplre%' i %ﬁ%&@%edﬁ%ﬁg ![ ﬁ o

medi um that stores instructions to read data froma's € e
instructions GAYSINGnée [ .:Lead.data on the storage. nmediumin
response to a conmand, t&ga&%?%ﬂgéﬁﬁ%?%gﬁﬁOB?@?%W@ﬁe8593' HERPER Y Hat a;
store the de t.a,in a _region o ry;, and i ssue an jnterrupt after
t he demand dgt%gg’ﬁ‘a%sldbglgrﬁiag GrEE=e Prﬁ%@?‘{}% %g?ﬁ‘é%%g}aﬁd@ﬂfés Hetedheiderand daa fread
froma firsgt Iocatiog on the storage nedium_ and the prefetch data is read
from a secdnd A 'BE4RCHMEBIPTY:HEAdSSYE 4 dntersentafier thedemiand data hacbaenstorpt aredi ng
the second location in a direction of novenent of the storage medium
during readi ngiemayAyeeret thg demanchdata iwend from 4 firsalotatédrf drhthaspesde, médieme i s
provi ded an apparatus for reading data froma storage nedi um conpri sing:
a menmory whi chné theresferhriatt is read fash msesdndnscatidl GnahPEoREs R BN first
executes the conputer instructions to (i) read data

location preceding the second location in a direction of movement of the storage

medium during reading.

10
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

la



on the storage nediumin response to a command, the data conprisipg
prefetch data and 15 demand data, (ii) store the demand data in a e@ﬂoﬂm®f
menory, and (iii) issue an interrupt after the demand data has been stored
in nefrory; wherein the denand data is read froma first location on the
storage nedium and the prefetch data is read froma second |ocation on the
storage nedium the first |ocation preceding the second |ocation in a

direction of niaeimenir@tioh bemshomage mRAitsHyIRtiRh &lﬁﬂ%"x@&r rdifg to
the invention in a thirteenth aspect, the?%kis plrovi dedt a e %6@&%@&4}&

readi ng data f e ri.shhg.. reading. data on th or age
nmedi um i n res%fggzﬁoﬁggg%gglmmnﬁ H%‘ﬁgﬁlgglf gl%%:l@%%tfl iuéigﬁﬁe }Oélfoﬁg%veﬁ%?flgoé g

demand data, t fetch.data being, read froman area of the storage
medi um t hat prsgc%% e%e@ﬁnen %llél%ﬁaaﬁn%%iorﬁlggw d4a 18 3 esiongf mesErgrynansk

novenent of the storage nediumduring reading and froman area of the

st orage nedi uﬁﬁuﬁgq‘n&gﬁmg?tﬁ%ﬁ%ﬁiﬁ?&%ﬁfﬁa@ egn iaflect i on of novenent of

t he storage medi um during reading; storing the demand data in a region of
menory; an issuing an interrupt after the demand data has been read. 5
According to the invention in a fourteenth aspect, there is provided a

nmachi ne- readabl e regording teethe gtventen innsfonttednitio aspet o theead pratided 4 SAtRine-
storage nedium the instructions causing a machine to: read data on the

storage nedi uneddableasqiingehdtQtodes i HATTRDES tolrBR] 8R4 BofPARbiagk MEIRILfGLCh data
and demand data, the prefetch data being
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 étorage 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.
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 Whiéh executes the computer instructions to (i) read data
Qn 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.

le



10 read froman area of the storage nediumthat precedes the demand data in
a direction of novenent of the storage nmedi um during readi ng and f§ rJjogm 206
area of the storage nediumthe follows the demand data in a direction of
novenent of the storage nedium during reading; store 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 fifteenth aspect, there is

provi ded an apparatus for reading data froma storage nedi um conpri sing:
a nenory which stores conputer instructions; and a processor which

execut es the compulialgehaie, iGhd RFter! @e ivknfiGPl ka4 (PRALNG 31.3ra08 ARlum

in response to a conmand, the data conprising pre d

data, the pref d - hel area, of the storage nedi umt hat
precedes the dngén%rllhg' gglt@ ép‘fér?ﬂgn c%ﬁ% r eec{{egé?ng\ﬁ atr%)\r}g]ﬁ%ﬁ?rag? H{eﬁgﬂggbﬁeg@gswoq um

during readi fr.om ajea of the storage diumthe follows the
demand dat a i%ga |r%@1?%ﬂ”é@EHB€éﬁ@ﬁP°§Fwa ’§ggﬁ§6@gﬁ§d¥%ﬁvﬂuiwh@
reading, (Li) store the denmand data in a region of nmenory, and (iii) issue
an interrupt é’F‘?dgFerd@ﬁ%‘ﬁdoﬁﬁﬁ gatahigs brearstaredith memory. 4 JUN 2006 | n
general, in one aspect, the invention is directed to reading data froma
storage medium THenere/datidemtdgeaplitesnvensidh ngydetone on nioheoSthe fagsviagdi um
in response to a conmand, storing the data in a region of nenory, and

i ssuing an i ntléeinptruptimer bausedps aditdats fibihe pRAEleAMe@bhotda Hak@ Haseheen
stored in nenory. Anong the advantages of the invention nmay be one or nore
of the foll ow ng.



The interrupt may be used to indicate that the predeterm ned portion of

data has been if 1 4 JUN 2006 read/stored. This data can then be pbobdlsdW§

without waiting for additional data to be read/stored. Thus, data from

two (or nore) |ocations of the storage nediumcan be read and processed
separately using a single "read" command. 5 This is particularly

advant ageous if the data at one such location is prefetch data, since
processing of the data from the other |ocation (denand data) would

ot herwi se be held up unnecessarily to wait for the prefetch data to be
read. Ot hefed@dhtupredandTadvadhagesan |thheas, » 3PPAL Rt if.'%o[z om the
follow ng description and the clains. Brief Description o e aw ngs

Fig. 1 is %Yok fragrddisionadi slatdr it‘d)eb@"ldre’:la&@ﬁor&ﬂpce‘ﬁﬁ%gg th}\]eiace- 15
Fig. 2is flom1diggran1shomjng a process for reading data fromthe disk
drive. Fidso™ @Y 5°0rBOF8) VPeas iohsaoffathedistomige aned{ansdugehnead in

re

the disk driv .%#g .4 is a_flow diagramof an alternative process -20 for
t

r eadi ng d&EES OGFSRedr poparately using a single "read" command.

5 This is particularly advantageous if the data at one such

locatlon is prefetch data, since processing of the data from

the cher location (demand data) woﬁld otherwise be held up
- unnecessarily to wait for the p:éfetch 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 showirng a-process for

_reading data from the diék dfive.

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 hardwafe included in



Fig. 6 is a front view of a conputer which can function as the host
processing device. Fig. 7 is a block diagramof hardware included 1 JUNA2006
JUN 2006 the disk drive and the host processing device. Description
Referring to Fig. 1, block diagram 10 shows a host 5 processing device 11
reading data froma hard disk 12 of a disk drive 14. Disk drive 14 may
reside within host processing device 11 or it nmay be an external drive.
Sof tware (device driver) 15 executing in host processing device 11
receives co n s % ications or 10 other conputer progran(s) (not
shown) execl ng 18K Rget %%%%&%lm@%ﬂms@eﬁﬂmnds i nstruct
device driver 15 to read data fromlocations on hard disk 12 of- disk drive
14. Data is then transferred fromthese |ocations back to device driver

15, which passes it to a Direct I\/brmtz Access 15 ("DVA") engine 16 al so on
host processing device 11. DIVA engi 3 table, such as

scatter/gather |istgeis L0, i mory 17 to store the
recei ved dat a. Scatté??gat Ils? 2£h g?ﬁge F9§F§ o0 sdowsssehdst

menory 37 privee ybish d@-{filcgr Qm har @l%?%a{% If:srornO ab% d)rdlsk 12 of a

disk drive 14. Disk drive 14 may reside within host
processing device 11 or it may be an external drive.
Software (device driver) 15 executing in host
_ processing_device 11 receives commands from applications or
10 other computer'program(s) (not shown) executing on host
, processing device 11. These commands instruct device driver
15 to read data from locatlons on hard disk 12 of disk drlve
14. Data is then transferred from these locations back to
devioe driver 15, which passes it to a Dlrect Memory Access
15. ("DMA") engine 16Ia1so on host proces31ng dev1ce 11 DMA
_engine consults a table, such as scatter/gather list 27 to
determlne where in memory 17 to store the recelved data
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



Al

i i i i 19 i sl shiown2008r
20 Issuing An Interrupt During Reading In Fig. 2, a process
readi ng dgta fromhard disk 12. Device driver 15 receives (201) a - 3 1 4

[ [ 11. The
JUN 2006 command from software on host processing device
identifies demand data and prefetch data at different addresses

conmand

[ [ [ Vi [ 15 to read the
.l'ocations) on hard disk 12, and instructs device driver
genand and hrefetch 5 data fromhard disk 12 on disk drive 14. Demand and
prefetch data are typically contiguous data blocks and the denand data
precedes the prefetch data (i.e., the prefetch data is after the demand

data) in #OoWiFEEtiremofofowemenbnohokar ¢rdiceedizg F&’év%%‘@%
in Fig. 3, hard disk 12 rotates in a direction of ~arrow

10 shown

urlng readlng

har d
duCaTHERH entii biek deinwnd B4tneads dater Jvom ghagnels on
'Qi;Lagg g%ﬁk& rotation. Since the transducer  head encounters denmand dat a

24 before

25t aslacrbdons) oh therdlidaski on, ohngotation 15

nd data. 24 is read first. Prefetch data 25 is read
gh Pﬁedaghu%p%%%% K iV 1%e HekYeHald ERaread the demand and prefetch

5 data from hard disk 12 on disk drive 14.

Demand and prefetch data are typlcally cont iguous

data blocks and the demand data precedes the prefetch data

(i.e., the prefetch data is after the demand data) in a

direction of movement of hard disk 12. For example,

as

10 shown in Fig. 3, hard dlSk 12 rotates in a dlrectlon of_

arrow 21 durlng reading. A transducer head 22 on disk drive

14 reads data from channels on hard disk 12 during rotatlon

Since the transducer head encounters demand data 24 before

prefetch data 25 (as a result of the dlrectlon of rotation

15 of hard disk 12), demand data 24 is read first.' Prefetch

data 25 is read on the assumption that the next 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



will be read by transducer head 22 will be the data that follows dﬁta 24.
Returning to Fig. 2, in response to the conmand .20 received in Zdl,JHﬂvﬂ%%
driver 15 reads. (202) denmand data 24 from hard disk 12 and provi des the

~ demand. data to DVA engine 16. DMA engine 16 then consults (203) a

dat abase, nanely a scatter/gather list 26, to determ ne where to store the
data 1 4 JUN 2006 read in 202. Device driver 15 prograns DVA engine 16 with
scatter/gather list 26 prior to reading. data fromhard disk 12.
Scatter/gather Ji.st 26 includes entries which specify destination buffers
(regions ofrﬁgﬁoﬁf:ﬁﬂzirnQ?V%ﬁ%Hd¥h%95 Henprdddara BMa ehgipeefiét ofitdat a

are to be plLaced. The .destjnation regions of nmenory may not be contiguous,
in which c%s‘fé‘%%ﬁﬁ/gﬁéﬁhr%r 1%1?% P ogF BpFete wreadimgt dpte feomr hesd dhisk or
each di sconti,guo r.eqi on. \ ine_ 16.consults (203) scatter/gather |ist
26 10 peri%gfca IfQ§%%zéﬁéﬁg§gg§%%i%_eH“%%?#eSLEQErbﬁs"Ebgpéaﬁpﬂghﬁﬁk_

Addresses”) aebrdata aie ok dhe-Ioeguensy aloghich, scatterfgather i st

26 is consulted nmay vary dependi ng TUpon St ze‘o h&"™bPol a. .

prtevgg , 5{ haehrequaney ismsucte thad £ OV, egi Dea 18- £gnsUl 13 5gat t ey/gat her
'S 2 destination'regions of memory may not be contiguous, in
- which case DMA engine_leis programmed with Multiple
entries, one for each discontiguods region.
DMA engine 16 consults (203) scatter/éather list 26
10 periodically as blocks (associated with "LBAs“, ér "Logical
Block Addresses") of data aré read. The frequency at_&hich
scatter/gather list 26 is consulted may vary depending upon
the size of the blocks of data. However, the frequency ié
such that DMA enginé lé-consults scatter/gather list:26 at
15 (or substantially ﬁeér) a boﬁndary between ;hé demand'and
prefetch data (as that data is read).
 An entry.(or enﬁries), 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 démand
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



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, i%4pitv2ied
in scatter/gather list 26 at the boundary between entries relating to the
demand data and those relating to the 20 prefetch data. As DVA engi ne 16
finishes with the demand data, it encounters this entry in scatter/gather
“list 26. Wen it encounters this entry, DMA engine 16 issues (204) an
interrupt to signal the boundary between the demand and - 5 1 4 JUN 2006
prefetch dal;n_a. ge interrupt is provided to device driver 15 which, in
responsePrefpscims detteer Processesr{aet $ : Cyutli an host, processi ng
devi ce 1{13$t'hgt' Eege demand data has %eengf‘égéﬁﬁégeg% %%é’lé:'a dl_"}c)ﬁﬁa can
then be prPotE3S&d 5 TorasSrasye t tEdf obyist BEBE- Obh e : il e DVA
engine 16 continues to read (205) prefetch dg%agg%?g%)g/ 3%%??9 “a Swri)

DMVA- geneT3EEHT FRfePPUpCSEs iymacdsing dboves i1 tEapOBSEDIR LY S ead denand
and prefetch data in_ response to a single command from device driver 15,

and thertd® P3Pr 5EESY StRE esermarithalademad | dat hecan of Bbah pdaba dcb sildd |
be|nger§9-;JQH§miPE889E§ %%éégmgﬁﬁééxgggggggggrhﬁggle DMA eﬁgine 16
continues to read (205) prefetch-data 25.
By using a DMA-generated'interrupt'as set forth
above, it is possible to read demand and prefétch daté in
re;ponse to a sihgle command from.device driver 15, ana then
10 to process the demand data while the prefetch data is still '
being read. Thus, process 19 feducéé cémmand overhead
without sacrificing inherent.advantages of obtaining

prefetch data.

15 Reading Pfecedinq Prefetch Data’

_In Fig. 4, an alternative.process 30 is shown for
reading data from hard disk 12. Procésé 30 uses devicé
driver 15 and DMA engine 16.to control reading-froh hard

 disk ;2. Controliing'reading diredtiy from host processing
20 device 11 brings to bear additional resources, such as

processing power and memory,'that_afe not étherwise

available'during reading. This is because processors in the

host processing device generally operate at greéter speeds

- 6 -



wi thout sacrificing inherent advantages of obtaining prefetch data. 15
Readi ng Preceding Prefetch Data In Fig. 4, an alternative proce$b43leaw6
shown for reading data fromhard disk 12.. Process 30 uses device driver
15 and DVA engine 16 to control readi ng-fromhard disk 12. Controlling
reading directly fromhost processing 20 device 11 brings to bear

addi tional resources, such as processing power and menmory, that are not
ot herwi se available during reading. This is because processors in the
host proceSS|gg devi ce %Fnerally operate at greater speeds, 1 4 JUN 2006
and have ac&dSs S mes draiti Wbl st il ak Yarmeyprral theantyglilcarss whi ch

reside in, trol. the erat n of, disk drives. As a result,

rel atively ?gggggg%gﬁst é”h Hrﬁataél‘%éfp%%r@baﬁza?@pmrtesﬁmhsnm
rocess 30. river 15 rec ives (40 conman rom anot her

gonputer prggfgﬁgkggrgéxagb 8, ngb 5?§ﬁﬁgaﬁﬁufgsﬁfﬁhg;2CIflC
rocessin edFeechl) T Cagn e eman at a

Pocatlon gnghardgglskatTZE%n I n res%ﬁ%é@qf %¥% ‘gdﬁﬁhﬂ , Pyegeee ddi-ver

reads 105 402) dat @&1&@3&rpv@feg§5régglgggaqgOq(?lt g ZC%rrlmpar?d from

anéther 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 comﬁand, device driver iS reads
10 (402) data:31 that precedes the demand data 24 in a

. direcﬁion 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 |
pridr point relative to the demand data on hard disk 12.

15 Génerally speaking, it does not take addiﬁional time
to read data 31, since the location of demand data 24 is’
moved to tranéducerlhead 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.
Storagé is performed via DMA engine 16 and scatter/gather

list 26, as described above.



direction of notion of hard disk 12 (see Fig. 5) This "preceding" prefetch
data 31 may be adjacent to demand data 24, as shown in Fig. 5, orl&tJunags
be | ocated at sone other prior point relative to the demand data on hard
di sk 12. 15 Cenerally speaking, it does not take additional tine to read .
data 31, since the |location of demand data 24 is noved to transducer head
22 anyway to read demand data 24. - Wiile hard disk 12 is being noved into
position, transducer head 22 will pass over data 31, during which tinme
transducer 20. head 22 reads that data. The data is stored (403) in nenory

17 (or otherwi se processed) @Rz gst] PLOCE evice 11. . Storage is
perfornmed via DVA engine 16 angnscatfgf%%%f {gbé%séeﬁﬁpdaga@@s%%|§§§m

above. - Rard 4i3kN12006 RreaxgesssS0-geanuhile reads (404) demand data 24
from. hard disk 12 in response to the sanme %@ﬁnﬁﬁﬁm?éé F%@&lvﬁ d 4@1. Thus,

a single ¢fmand@hoan be sised ¢ a-datingreistgh | Qg ggng ggq%%agegr cess 30
8

may al so regd prefetch data 5 that follows the enan ction
of notion?®f RAREIIFSk12. Mictess 10 may stbseéaaopggggtEQp%aQrefetch
data, er éﬁgkdgéalggg tlgeread usi ng host processing device

demand ata in a dlrcctlon of motion of
-hard,dlsk 12. Process 19 may be used to read thls prefetch
data, or the data may be read using host processlng dev1ce

11. Process.BO may be repeated for plural sectors of hard

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

10
Hardware
Hardware on whlch processes 19 and 30 may be
1molemented is shown in Fig. 6.  Personal computer ("PC") 32

includes disk drive 14 which reads and writes data on a hard
15 disk, a dlsplay Screen 34 which dlsplays 1nformatlon to a
user,. and lnput devices 35 which 1nput data. A, controller
36 (Flg 7)'1n PC 32 runs device drlver 15 and DMA .engine 16
- using scatter/gather list 26 (stored in memory 17) and
functions as the host processing deVice.
.20 Fig. 7 also shows oomponents_of disk.drive 14.
Among these components are hard disk 12, transducer heao 22,
pre-amplifier 37, analog variable gain amplifier. ("VGA") 39,

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



| i sk a
11. Process 30 may be repeated for plural sectors of hard dis 1? _ é
plural entries of the scatter/gather list. 10 Hardware Hardware Oh‘@ﬁl%ﬁ

. . . . I
rocesses 19 and 30 may be inplenented is shown in Fig. 6. Persona
Eonputer ("PC') 32 includes. disk drive 14 which reads and wites data on

: ; i i i tion to a user,
a hard 15 disk, a display screen 34 which displays inform (
and input devices 35 which input data. A controller 36 (Fig. 7) in. PC 32
runs device driver 15 and DVA engine 16 using scatter/gather !lst 26
(stored in nmenory_17) and tunctions as the host processing device. 20 Flg.
7 al so showSCBbHPORERt $ 2of( igiskudtimy endrorAnpny, thesewsoppengsts are har
di sk 1.2, transducer q§a .22, Bre-anpllfler'37,“ana|09 variabl e gain
anpl i fier ("VGA") Fard ¢disgkgrl O SahRamegnesidi diitsal havAMY 'Jortedmerier 41,
- 2 (including nmenory 27), and witer 45.
- -. 14 é@IZQQG cogtrgller 4 é&;ng u g ne y
o 0 ic 8T8 U RRBHR Pttt Sant chroegpciorels
i i -suyrf.aces. r is isr
defined on §@f@a9£s[tsH228r%g%k Sl rotated inside disk drive 14
disk drive 14 .
5 while data is read from/written to its channels. Although
only one hard disk 12 is shown, more than one disk may be
included in disk drive 14.
Transducer head 22 is a.hagneto-resistive head (or
- similar device) that is capable of reading data frdm, and
10 writing data to, hard disk 12. Tfénsducer head 22 is
- associated in a "flying" relationship over a étorage surface
of hard disk 12, meaning that it is movable relative to, and
over, the storage surface in order to read and write data..
To 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).
| Transducef'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 transitions from millivolts (mV) to

' volts (V). The resulting pre-amplified analog signal {oxr



5 while data is read fromwitten to its channels. Al though only one hard
disk 12 is shown, nore than one disk may be included in disk drivel 24JUN 2006
Transducer head 22 is a magneto-resistive head (or simlar device) that is
capabl e of reading data from and 10 witing data to, hard disk 12. '
Transducer head 22 is associated in a "flying" relationship over a storage
surface of hard disk 12, nmeaning-that it is novable relative to, and

over, the storage surface in order to read and wite data. To read data
fromhard disk 12, device driver 15 15 (executing in controller 42) sends

a signal an r ad 22 to npve transducer head 22 to |ocations on
hard di sk 1§5$r0%$§ﬁﬁgﬂ &ﬁs?ﬁ?Y%)e@e%ﬂ Yefoé8ss YOR 39Tianschecer head

22 senseszhbux st pansid S "fI| in close proximty to a specified
| ocati on gnbhard 20 5 @iéﬁa Tds &} ?d&r?YaﬂéFt?oﬁ§SBétaﬂé e idaeed o

pre- anplréaérs3§na9r$2amwiﬁﬂﬁgeraﬂggs a voltage pre-anplifier that
anplifies the flux transitions frommllivolts (nmV) to volts (V). The

resulting pre-aniifted emai@gaﬁlgﬁahogoEliggf] aggg@ csignal) 51 is
provided to VGA 39. VGA 39 further anplifies rea i'gnal and provi des a

resu|tﬁngg%ﬂ%rate§da substantially square wave from ampllfled read
signal 52. To this end, f lter 40 is programmed in
accordance with the data transfer rate of.a data zone onl
hard disk 12 from which signal 52 ultimately originated
Resulting filtered 51gnal 54 is subje sted to sampllng and
10 qua1tlzatron within high-speed A/D converter 41. A/D
converter 41 outputsldigital data 55 generated from.signal
54. Data 55 corresponds to the data stored on hard disk 12.
Writer 45 is prov1ded for writing data to hard- dlSk
12 (via transducer head 22). Memory 27 stores computer _;
15 instructions (1nc1td1ng flrmware for dev1ce drlver lS)tfor
'1mplement1ng process 19. Memory 27 also’ stores
scatter/gather list 26.
Processes 19 and 30 are not. limited to use with this
foregoing hardware and software conFlgqratlons thef'may
20  find appllcablllty in any computlng or proce851ng
environment. Processes 19 and 30 may be 1mplementea'in'
hardware, software, ‘or a combination'of the two. Prooesses

19 and 30 may be implemented in computer programs executing

- 10 -



read signal 52 to filter 40. Filter 40 is an analog filter/equalizer that S
generates a substantially square wave fromanplified read signal 524 TgN 2006
this end, filter 40 is programmed in accordance with the data transfer

rate of a data zone on hard disk 12 from which signal 52 ultimtely
originated. Resulting filtered signal 54 is subjected to sanpling and 10
quanti zation within high-speed A/'D converter 41. A/D converter 41 outputs
digital data 55. generated fromsignal 54. Data 55 corresponds to the data
stored on hard disk 12. Witer 45 is provided for witing data to. hard disk

12 (via trapsdoregraeadbl22romaems 2h=at =28, GOMIULEL 45%£Qéggggglo%s
(including firmvare for device driver 2-5) for inplenmenting process$

Menory 27 afeoragerwsdivat rentgatleebyt itdle 2rod¥asSesndfu@idy30,2Le; pat
limted to use with this foregoing hardware and software conflguratlons

they may 2n4ipenapplacabel meypoiry @mﬁﬂumnmﬂunuyenexgﬁ@ﬁ@§)ngagnyégganent
Processes 19 and 30 ugg be inplenmented in hardware, software or a
combi nat i orP¥F 1HRUE WOSV B Bee888s OTEY A4 OIE® mwﬁﬁn§|d¢WEmented in conputer

prOgra”BSexeCUtlngEac% such program may be 1mpLemented in a hlgh level
procedural or cbject-oriented programming language to
cpmmunicate with a coﬁputér system.. However,.the programs
can be implemented in assembly or machine language:_ The
language may be a compiled or an interpretéd language.

10 _ Each computer program may be stored on a.storagé
medium or device (e.g., hard disk or maghetic.diskette) that
is readable by a general'or.special purpose progrémmable
computér‘for configufing and operating the computer when the
storage medium or device is read by the combuter”to perform

15 processes 19 and 30. Processes 19 and 30 may also be
1mplemented as a computer-readable ctorage medlum,
conflgured with a computer program ‘where, upon executlon,
1nstructlons in the computer program cause the computer to
operate in-accérdance with processes 19 and 30.

20 " Other embodiments not specifically described herein
are also within the scope of the following claims;-.?or
‘example, features of processes 19 and 30 can be coﬁbined in

a single embodiment. Additional entries may be added to .

- 11 -



1 4 JUN 2006 on programmbl e conputers that each include a prOCESSO{L Fn 2006
st orage nedi um readabl e by the processor (including volatile and

non-vol atile nenory and/ or storage elenents), at |east one input device,
and one or nore output devices. 5 Each such program my be inplenmented in a
hi gh |l evel procedural or object-oriented progranm ng | anguage to

comuni cate with a conputer system However, the prograns can be

i npl erented in assenbly or machine | anguage.. The |anguage may be a
conpiled or an interpreted | anguage. 10 Each conputer program may be stored
on a stosageteﬁﬁ@b&mex'ﬂ¥§ﬂ<§%(&bEbauﬁ@fﬂhﬁiéKqQHenﬁgnﬁgiEsghﬁkette) t hat
is readabl e by a general or special purpose programrable conputer for

conf i gur adgiandneperattieng uphe corqrieissben § henast orage pedi,wapresevi ce
is read by the conputer to perform 15 processes 19 and 30. Processes 19 and
30 may apsoebe datpl efremesd cas crlvonpiterageadadli e, sincagaimgdiopBical
configured with a conputer program where, upon execution, instructions in
t he conpBe@iapr 6YFamacatds tHEampeputt dbislos" bpebdbe i NDagdendandeiew t h
processes, 19 and 30.- 20 O her enbodi nents not specifically described herein
are alPsoPWERI h t RBIsPdfe (GPigdd ol hiowiany Bapehs: FBevice driver 15

may be an ATA ("Advanced Technology Attachment") driver.

Processes 19 and 30 may be executed in a different order

from that shown and/or one or moré steps therecf may be

executed conéurrently. The iﬁ&ention may be used with other
10 storage media,'sﬁch as optical disk drives and magnetic

recording devices.

15

20



exanmpl e, features of processes 19 and 30 can be conbined in a single
enbodi ment. Additional entries may be added to. . - 11 1 4 JUN 200Qun 2006
scatter/gather list 26 to cause DVA engine 16 to issue additional
interrupts. Processes 19 and 30 can be used to access data stored or.
ot her storage nedia, including optical mnedia, such as CDs (" Conpact
Di sks"), DVDs ("Digital Video 5 Disks"), and DLT ("Digital Linear Tape").
Devi ce driver %I y be an ATA ("Advanced Technol ogy Attachnent") driver.
Processes 19 an Pggamay be executed in a different order fromthat shown
and/ or one or nore steps thereof may be executed concurrently. The
i nvention may be used with other 10 storage nedia., such as optical disk
drives and magnetic recording devices. 15 20 - 12 1 4 JUN 2006 CLAI M5 1.
A nmet hod of reading data froma storage nmedi um conprising: 5 reading data
on the storage nediumin response to a command, the data

1. A method of reading data from a storage medium, comprising:

5 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 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



conprising prefetch data and demand data; storing the demand data in a
region of menory; and issuing an interrupt after the demand datd 4asN toeggn
stored in nenory and while the prefetch data is being read. 10 2. The

met hod of claim1, further conprising consulting a database to determ ne
when to issue the interrupt. 3. The nmethod of claim2, wherein the database
conprises instructions for 15 storing the data and for issuing the

interrupt. 4. The th?ﬂerﬁieth%d%ﬁ@l&%gf Mﬁ{tﬁérflflin datrga r%ghad%‘;}%i ar%ﬂa@’a

scatter/gather |ist. arm enman
read froma fjrs hf i.on on.th stora ﬁ% m nd f he fetch data
is read fronf%#%%%%n& océ??%%o%gm o THESSY'S %ﬂbt g}ﬁﬂl ﬁ@f¥$F§F%Ig%§FFon
precedi ng the aecon | ocation in a direction of. novenment of the storage
nedi um dur i ng™f §&HgOca8ng g %Uﬁ“?@@ém@vef\“ﬁ%t itherags mediympyluring ’if’la@lﬁér
conpri sing readi ng addltlonal prefetch data froma third |location on the
storage nedium, the third location preceding the first and second
| ocations in a direction of novenent of the storage medi um during reading.
5 7. A nmethod by Wi chnativadsty whioh edebtngoctsying devieagad dadta fibhpanstarapkor age
medi um of a disk drive, conprising: reading data froma first |ocation on
the storage neeiiumdfa disksiBRSEhriding:
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.

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



command requesting data at a second | ocation on the storage nedi uny and
reading data fromthe second | ocation on the storage nediumin rgsb&Hﬂez@%
the 10 conmmand, the first | ocation preceding the second location in a
direction of novenment of the storage nmedi um during reading; wherein
reading data fromthe first |ocation and reading data fromthe second

| ocation are perfornmed as part of a single access of the storage nediumin
response to the command. 15 8. The nmethod of claim 7, wherein the first

| ocation is adjacent to the second |ocation. 9. The method of claim?7,
further conprising reading data froma third 20 |ocation on the storage
medi um the third I oddeinegihdbrl daiimy fumieer semprisi ng eregtvikghthe sormpmnd dfoneet i on
of novenent of the storage nedium during reading. 10. The nethod of claim
9, wherein tdeenpuldripdodraakeaning 9nalk eseptocesinghleveecond | ocation. 14 1 4
JUN 2006 11. The nethod of claim 7, further conprising receiving the
command from a conputer program executing on the host processing device. 5
12. The method of claim7, further conprising storing data read fromthe

first ang second ﬂzocgf_tﬂe%éﬁ&dﬂo@clmrfunw chh riEmgtsto%gg%%mfr&m&ﬁrst 13.

conput er-readabl e nediumthat stores a conputer Program conprising

and second locations in a memory on the host processing device.

13. A computer-readable medium that stores a computer program comprising
instructions to read data from a storage medium, the instructions causing a computer
10 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
issue an interrupt after the demand data has been stored in memory and while

15  the prefetch data is being read.

14. The machine-readable medium of claim 13, further comprising
instructions that cause the computer 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.

15
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instructions to read data froma storage nedium the instructions causing a
conputer 10 to: read data on the storage nmediumin response to a lcoRunrai)s
the data conprising prefetch data and denand data; store the demand data
in aregion of nmenory: and issue an interrupt after the demand data has
been stored in nmenory and while 15 the prefetch data is being read. 14.
The machi ne-readabl e medium of claim 13, further conprising instructions

t hat cause the conmputer to consult a database to determ edrh n to issue
the interrupt. 2t 15hetpehscrndableaeam ef qig Limvgieran QF’ aaPasipher ei n t he
dat abase conprises instructions for storing the data and for issuing the

i nterrupt. 1®niprigedap¢aROdgii® listhe nmachi ne-readabl e medi um of cl ai m 14,
wherei n the database conprises a scatter./gather list. 17. The

machi ne-readabl e medi um of claim 13, wherein the demand data is 5 read
froma first location on the storage nedium and the prefetch data is read

froma second | ocpi| %eqnac@nﬁ-éa&rb{wﬁedmi B ainh €3, fiHendin RS Bt AN Riggedi ng
the second location in a direction of novenent of the storage nedi um

during r %adi a8 fr%l%'a ﬂ_g?loggt?cm SFmE %9&%%0‘1‘&9 iaHﬁntﬂé pr%lfe%lmiajtg is rfeyc[ Frgﬁira

conpri si ng

second location on the storage medium, the first location preceding the second location

in a direction of movement of the storage medium during reading.

18. The machine-readable medium of claim 17, further comprising
10 instructions that cause the computer to read additional prefetch data from a third
location on the storage medium , the third location preceding the first and second

locations in a direction of movement of the storage medium during reading.

19. A computer program stored on a computer-readable medium which causes
15  ahost processing device to read data from a storage medium of a disk drive, the
computer program comprising instruactions 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 lccation on the storage medium in response to the
20  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.

16



10 instructions that cause the conputer to read additi onal prefetfh ﬁ@égp
froma third |ocation on the storage nedium, the third |ocation br ﬁg
the first and second locations in a direction of novenent of the storage
medi um during reading. 19. A conputer program stored on a conputer-readabl e
medi um whi ch causes 15 a host processing device to read data froma
storage nedium of a disk drive, the conputer program conprising
instructions that mAUSEeld&HI0S brddr6 88 8lald 198Wh&EinttRe first BRI HRLAd(J-0M 18
first location on the storage nediumin response to a command requesting
data at a secgpd.J.Q§ald.QR, 0N the storage nedium and read data fromthe
second | ocation on the storage mediumin response to the 20 command, the
first location preceding the second |ocation in a direction of novenent of
the storage nmedi um during readi ng; wherein reading data fromthe first

| ocation and readinhg %ﬁ%a fromthe secgond, |ocation are perforned as part

of a single access*lof tEORPYIEFE RO fIIT 1P iberceompsisingHasteustinanthat 16 1
4 JUN 2006 20. The conputer program of claim 19, wherein the first |ocation
i s adj aceAt tw@uieHae Segpnerebvn@dévies to2dad dete fromnpthirddoqatiogpanhestompai m 19,
further conprising instructions that 5 cause the host processing device to
read data fromdumhithathirddadation falbwihg tiftseta@dot@dnumthet iR ctibh bHmbos@atiton
foll owing the second |ocation in the direction of novenent of the storage

nedi um dur i nefiigadbmge 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



22. The conputer program of claim 21, wherein the third Iocation1hsﬁ”q£gs
adj acent 10 to the second | ocation. 23. The conputer programof claim 19,
further conprising instructions that cause the host processing device to
recei ve the command froma conputer program executing on the host
processi ng device. 15 24. The conputer program of claim 19, further
conprising instructions that cause the host processing device to store

data read frometit dfick e ARG LRGN %@ﬁ%ﬂo@&ﬁinirﬂem&y FRAGNYle Phe ;Brlgf‘et&p&;ta
processi ng device. 20 25. An apparatus for reading data froma storage

medi um conpri §i: P9 ...q@ Menory whi ch stores conputer instructions; and a
processor V\rrﬁil%:ﬁélgg(ra%agt es the conputer instructions to (i) read data on the
storage nediumin response to a conmand, the data conprising prefetch data
and demand data, (ii) store the demand data in a region of nenory, and
(iii) 1ssue an 17 1 4 JUN 2006 interrupt after the demand data has been
stored in nmenory &R%d VAR RBPArHES B dpis 8 harainitke proFesgoraxgelteP@MMier
apparatus of claim 25, wherein the processor executes conputer 5

i nstructi éns instrugcopisutbtconsudisd ddtalmee toodatketréngrvher wahissue theintessipe t he
interrupt. 27. The apparatus of claim 26, wherein the database conprises
instructions for storing the data and for issuing the interrupt.

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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10 28. The apparatus of claim 25, wherein the demand data is read. from
first location on the storage nediumand the prefetch data is redd HP%%%%
second | ocation on the storage nedium the first |ocation preceding the
second location in a direction of novenent of the storage nedi um during
readi ng. 15 29. An apparatus for reading data froma storage nediumof a
di sk drive, conprising: a nenory which stores conputer instructions; and a

processor which exgel élﬁ%zfdﬂ% &?Qﬂ 1tnetfle ) ‘i&‘dﬁ&ﬁ %hs]iegc(l)mé id)cltarf(rao%gth%as gorI om a

first location on t e sto rumin resp regues

data at a secon 20 lo at| n on the stora ium and read data
fromthe sec %%%ngéetf?eé 5 ?%%afé?gar ygee ‘%Sﬁgfq‘ﬁ Sf*’é%%?dﬂ%“féurfldnfﬁéo'&s&ﬁﬁand

the first Iocatlon E ceding the second location in a direction of

moverment of e %ge medi um during reading; 18 1 4 JUN 2006 wherein
reading data fromthe first |ocation and reading data fromthe second

| ocation are perfornmed as part of a single access of the storage nediumin
response to the command. 5 30. The apparatus of claim?29, wherein the
first location is38dj dbenpparatus bclsime dhdviieoeiattheofirst Btatioh ifRtijacehtad theeadi ng
data froma storage nmedi um conprising: reading data on the storage nmedi um
in response kécoadg¢summmnd; 10 storing the data in a region of nenory; and

31. A method of reading data from a storage medium, comprising:
reading daté on the storage medium in response to a command;

10 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.

15 32.  The method of claim 31, wherein the database comprises instructions for

storing the data and for issuing the interrupt.

33.  The method of claim 31, wherein the database comprises a scatter/gather

list.

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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consulting a database to determ ne when to issue an interrupt; wherein the
interrupt is issued after a predeterm ned portion of the data has! he¥N 2006
stored in nenory. 15 32. The nethod of claim 31, wherein the database
conprises instructions for storing the data and for issuing the interrupt.
33. The nethod of claim 31, wherein the database conprises a scatter/gather
20 34. The nethod of claim31l, wherein the predeterm ned portion of data is
read froma first |ocation on the storage nmedi um and additional data is
read froma second |ocation on the storage nmedium the first |ocation

precedi ng the secgﬁg l.gcatipn in a girection of, .novenent of the storage
medi um during rea |ngqu§nTg°%ppl urshsr comarisiag fedingrdata Gemmaghirds yrt her
conprising reading data froma third |ocation on the storage nedium the
third | ocati dfcasioBeadhngorage nisdiusm, thathirddeeation preseding dresfiisharal s¢comkt i on of
movenment of the storage.mediumduring reading. 5 36. A machine-readable
medi um t hat 3ewtiess insdirestioh ofisiovemertad tikastarape ordaum durorgagedinedi um  t he
instructions causing a machine to: read data on the storage nediumin
response bo a conmand; store the data in a region of nenory; and 10
consult a database to determ ne when to issue an interrupt;

36. A machine-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 predetsrmined 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.

20



wherein the interrupt is issued after a predeterm ned portion of the data
has been stored in nenory. 37. The nachi ne-readabl e nmedi um of cdl &iJoyN3Z06
wherein the database 15 conprises instructions for storing the data and for
issuing the interrupt. 38. The nachi ne-readabl e medi um of claim 36, wherein
t he dat abase conprises a scatter/gather list. 20 39. The machi ne-readabl e
medi um of claim 36, wherein the predeterm ned portion of the data is read

froma first |ocatipn o |he:stelage Medlumand addi %pg%%rgﬁa}%gu%gg@goggng

froma second Iocatlon on storage ne

t he second | tion ctl of nov { of the st or age um during
readi ng. 20 clgﬁ% 68@0%5 Grﬁégﬂﬁtéﬁf%aﬁa&ﬂwt@w&#aﬁﬁ%g op ‘fﬂ%@‘e
further conprfﬁmi)r? |nstruct| ons _that cause the nachine to read data froma
third locatid Cehen Biepsibe DRdEFtAN! seqnad leagtipas Indeditactn pf mewemery affike
first and second locations in a direction of novenent of the storage

medi um dur i ngtaregedinedjumsdwihg réadimppar at us for reading data from a storage
medi um conprising: a nmenory which stores conmputer instructions; and a
processor 5whi ch executes the conputer instructions to (i) read data on the
storage nmediumin response to a command, (ii) store the data in a region of

I”ﬁ{'fg; )r/upt 10 and (il ) %waiusqog%%aﬁgtatﬁoﬂ aLRrB R BN cdlplisingte the
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, (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 interrupt is issued after a predeterm ned portion of the ¢af aue
has been stored in nenory. 42. The apparatus of claim4l, wherein the

dat abase conprises instructions for 15 storing the data and for issuing
the interrupt. 43. The apparatus of claim4l, wherein the database
conprises a scatter/gather 20 44. The apparatus of claim4l, wherein the
predeterm ned portion of datais read froma first |ocation on the storage

medi um and addi ti ofl TRtAphSnSseRd1lHAM @’her@ﬁlctggﬁrclc%\s.@f éﬁ@u@gir{sglﬁcé&n@t@ge

medium the first location preceding the secon ocation 1n a rection of

t of t jum.dur i readi ng.,. 21 .JUN 2006 45... Th
roverTent of R SHOTANES IRALMRANA eRdk 22 A B AL A000 48l
data froma tthi ddl ocatj.on on the stora nmedi um tEe third | ocation
precedi ng the Irs{ ST ARUOsBEsR G # Sﬁ?acit’iOBrg‘l’g mayemey; pides 5IgrRes MR ABHEE of t he

storage nedi uméjuri ng reading. 5 46. A nmethod of reading data froma
storage medi Uff%®®nprising: reading data on the storage mediumin response
to a coomand, the data conprising prefetch data and demand data; storing
the demand data in a region of memory; and 10 issuing an interrupt after
t he demand data has been stored in nenory; wherein the demand data is read
froma first |ocatdéon Lometthe Streadageda®edbmm atdge 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
10 issuing 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

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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the prefetch data is read froma second |ocation on the storage nedium the
first location preceding the second location in a direction of npyejmnbgef
the storage nmediumduring reading. 15 47. The method 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 storing the data and for issuing the interrupt. 49. The nethod of claim

47, wherein the d base compri ses. a tter/gather 22.1 4 JUN 2006 50. The
et hod of claim 4?5%,@1‘31}5'} f@%@%ﬂ%@?‘& ?ﬁ%qﬁ%‘ﬁicﬂ PHEGR a5 iRA additionat rgtetelnt a

froma third Agcgtionhog th? storage nedium the third | ocation preceding
the first and salBrd i glataliononiths oaes Bediugh therthird Jessiion pseeding thefgsage
medi um duri ng readi ngl. 5.51. A machi ne-readabl e nediumthat stores

i nstructions 29 SFeUY 1acatians Homflisection of mpacmeniaiitie sthrage metlivn dirdnsreedingi ng
a machine to: read data on the storage nediumin response to a conmand, the
data conprising prefetch data and demand data; store the demand data in a
region of menory; and 10 issue an interrupt after the demand data has been

stored inSnenory; Siher’einachine-rellablethddatm thas stof3AndthR@md @ birkst ddtPEBH LN ON
the storage nmediumand the prefetch data is read froma second | ocation on

the storage nefhEdMedilf, e inbtnlc@6A ¢RBing 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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preceding the second location in a direction of novenent of the storage
medi um during reading. 15 52. The machi ne-readabl e nmedi um of clb%n¥@€?m5
further conprising instructions that cause the nachine to consult a

dat abase to determ ne when to issue the interrupt. 53. The machi ne-readabl e
medi um of claim52, wherein the database 20 conprises instructions for
storing the data and for issuing the interrupt. 54. The machi ne-readabl e

medi um of claimb5 rein.the d base conpri.se catter; .gather |ist.
23 1 4 JUN 2006 5?5'%6%%%?%@? zeaIBF‘g‘“ ‘lr:%'ﬂ}ﬂ“o?% ?lfrﬁleﬁf’%fﬁl,’m‘rl fyBpctions
conpri sing instructions hat cayse the nmachine to read additional prefetch
da'[rg fromga Bﬁ?trcauTeotggmaﬁ}:ﬁmSﬁo % ag%’f‘B?%lé’éefpﬁsgidﬁW]ﬁqrﬂétlﬁ‘Fﬁ fogaticest then
preceding the first and second locations in a direction of novenent of the
st orage medi WRTA%R MAGUe i thid loration praedipy thedirsisantigecandda¢atignsl it aditeasiona
storage nedium conprising: a nmenory which stores conputer instructions;
and a pr ocessdmamsineht efitbe stoespetrhalicomptihgreadingt ructions to (i) read data
on the storage nediumin response to a command, the data conpri sing
prefetch data and 10 demand data, (ii) store the demand data in a region

of menory, and (iii) issue an interrupt after the demand data has been

stored in mMeNOry; 56 Anapparatus for reading data from a siorage 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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wherein the demand data is read froma first |ocation on the st ra @Nqﬁﬁium
and the prefetch data is read froma second | ocation on the st rag

medium the first location preceding the second location in a direction of
novenent of the storage nediumduring 15 reading. 57. The apparatus of

cl aim 56, wherein the processor executes instructions to consult a database
to determne when to issue the interrupt. 20 58. The apparatus of claim57,
wherei n the database conprises instructions for storing the data and for
issuing the interrupt. 59. The apparatus of claimb57, wherein the database

conprises a scatt gather 24 1 JUN_20 60. The, appar.atus,.of cl ai.m 56,
further conpri si ng{O{’ e eﬁgp%{at&???%‘ﬁ% 5@#8%5%%‘“%’&{“& r%‘%’l‘ﬁ %ffdt“ﬁ(i’ PIEgEEt i on
on the storage nedium_ the third |ocation preceding the first and second

| ocati ons i n datadirers@thisdh lasatipmor therstorage xpwgugxg Bredbied lnsaiiemprgesdingythedasli ng.
5 61. A nethod of reading data froma storage nedium conprising: reading
data on the $nésergadiesdiians ine disssponsbmoyemers ofertiqraghmediatradwongpeidingg
prefetch data and denand data, the prefetch data being read from an area of
the storafe nmediumthat precedes the demand data in a direction of novenent
of the 10 storage nmedium during reading and froman area of the storage

nmedi um t he fol | ows1t hey meewand rétding daf Rodia@ihiPReSumTBy@PRALgOf the
storage nedi um during reading; storing the denmand data in a region of

nmenory; and 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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issuing an interrupt after the demand data has been read. 15 62. The net hod
of claim®6l, further conprising consulting a database to deternigemﬁngdasto
issue the interrupt. 63. The nethod of claim 62, wherein the database
conprises instructions for storing the data and for issuing the interrupt.
20 64. The method of claim62, wherein the database conprises a
scatter/gather 25 1 4 JUN 2006 65. A nachine-readabl e nmediumthat stores

instructions to r d I L LRSS jum. the.instructiqQns causing
a machi ne to: reag@%at’ghg‘rclg{n%gk %agl?%argge neéllgraﬁ%qrgr?nrlsetrsuﬁffﬁgsetot%a&aaag%m , the

data conpri si refetch data and demand data, the prefetch data being
read from an %(?Ig%tg%ifed’tuﬁlé%e[lgﬁtélécélon%wr’f’émgtﬁﬁl?%’é‘fe Brecedes the demand data in
a direction of nove t of the storage nediumduring readjng and froman
area of the storag&hedr omthhdiorgs Fﬁa)ém% ReRomemie a eatraands the dhts eqmpraning of
novenent of the storage nediumduring reading; store the demand data in a
regi on of nersefptchalath andsdommnddatantheprefptch dhtadrirtgreadifromn aded of thastobeen
read. 10 66. The machi ne-readabl e nmedi um of claim 65, further conprising

i nstructi 6ns m¢dian thaysectbethrreMbned4:0 iCOBSEHon 2 f dfveRastofithe sietQE M ne

when to issue the interrupt. 67. The machi ne-readabl e medi um of clai m 66,
wher ein the daddd@sRring 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 clairn 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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15 conprises instructions for storing the data and for issuing the
interrupt. 68. The nachi ne-readabl e medi um of claim 66, wherein thg jyn 2006
dat abase conprises a scatter/gather list. 20 69. An apparatus for reading
data froma storage medium conprising: a nenory which stores conputer
instructions; and a processor which executes the conputer instructions to
(i) read data on the storage nediumin response to a command, the data
conpri sing pr j -r ead
froman area %%&Fﬁ%hg? E@é@‘&ﬂgﬁﬁfﬂ?ﬂ”?ﬁ@? togén Jf@ﬁleﬁ{ﬁt@%%@ra%?%%&ﬁ% Ialglﬁlrégdemand
data in a dirgectl i dusin readi ng and
froman area o oSl MRNIPR O »bRE- PRI ERBTRAL S ide 46 3°
direction of povenment of th orage nedi.um during reading, (ji) store the
denmand dat a C{E}%Ctéor}%%f‘@ﬁe%efn?ﬁg%r%ga%e%FW u“in§§%éh ?ﬁ%sg%rref’hfp%e“ézfr{déﬁwc he
demand data has been read. J 70.._The apparatus of claim69, wherein the
processor exdBaTEHOR ASMEMORY, 3RS (il Issemainteraipyafierihe dernandiiatehas been veedn t o
issue the interrupt. 71. The apparatus of claim 70, wherein the database
conprisesdinstructions for 10 storing the data and for issuing the
interrupt. 72. The apparatus of claim 70, wherein the database conprises a
scatter/gather 2770. The apparatus of claim 69, wherein the processor executes instructions to

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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