WO 01/ 46793 PCT/ US00/ 42612 READI NG DATA FROM A STORAGE MEDI UM Backgr ound
of the Invention This invention relates to reading data froma 5 storage
medi um Whenimemsli ng data froma storage medi um such as aPCTHES@/A4A6IRk, a
host driver reads the requested data, called "demand data", along with
data fromother locations on the hard disk. The data fromthe ot her

| ocations is called 10 "prefetch data" and corresponds to addresses on the
hard disk that are likely to be read next by the host driver. Sunmary of
the Invention In general, in one aspect, the invention is directed 15 to
readi ng data from a stogpafsTRBIbHHN FREMI AVENLRAAE fPATHKES readi ng data on
the storage nediumin response to a comrand, storing the data in a region
of menory, and issuing an interrupt after a predeterm ned portion of the
data has been stored in nenory. 20 Anong the advantages of the invention
may be one or nore of the Batkgwbngd dhethat énveptioay be used to
indicate that the predeterm ned portion of data has been -1 WO 01/46793
PCT/ USOQQY 42612 This invention relates to reading data from a

5 storage medium.

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

10 "prefetch data" and corresponds to addresses on the hard

disk that are likely to be read next by the host driver.

Summary of the Invention

In general, in one aspect, the invention is directed
15 to reading data from a storage medium. The invention
features reading data on the storage medium in response to a
command, storing the data in a region of memory, and issuing
an interrupt after a predetermined portion of the data has
been stored in memory.
20 Among the advantages of the invention may be one or
more of the following. The interrupt may be used to

indicate that the predetermined portion of data has been



read/ stored. This data can then be processed without waiting for
additional data to be read/stored. Thus, data fromtwo (or nore) |ocations
of the swoeags79edi um can be read and processed separ at e|BCTHE$09E2@2si ngl e
"read" command. 5 This is particularly advantageous if the data at one such
| ocation is prefetch data, since processing of the data from the other

| ocati on (denmand data) woul d ot herwi se be held up unnecessarily to wait
for the prefetch data to be read. Ot her features and advantages will becone
apparent 10 fromthe follow ng description and the clains. Brief

Descri pti oreali/herd@aw ngs sFidktal das @ HO e Fradesf widicide drive and a
host processing device. 15 Fig. 2 is a flow diagram show ng a process for
readi ng datvaiftiowy thre didsld tdioned. deitgs .to3 nd-dadftea draqal vi emsuf datrard

di sk and a transducer head in the disk drive. Fig. 4 is a flow di agram of
an al t er naffiree pwoc sy M2 ef)orl oveddiong deéft & Ha arhddegadimsddidm van Beg. 6 is
a front view of a conputer which can function as the host processing

devi ce. Fi gea jagda pilasee s¢idagredarait eHar dwame ishaiggele i'fread 2 command.

5 This is particularly advantageous if the data at one such
location is prefetch data, since processing of the data from
the other location (demand data) would otherwise be held up
unnecessarily to wait for the prefetch 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 reading 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



WO 01/ 46793 PCTI USOQ 42612 the disk drive and the host processing device.
Description Referring to Fig. 1, block diagram 10 shows a host 5
processi wp @ewte 11 reading data froma hard di sk 12 of &cTdiseé4zii ve 14.
Di sk drive 14 may reside within host processing device 11 or it nmay be an
external drive. Software (device driver) 15 executing in host processing
device 11 receives commands from applications or 10 ot her conputer
program(s) (not shown) executing on host processing device 11. These
commands instruct device driver 15 to read data fromlocations on hard
di sk 12 ofyyli sk S i ¥&i+ [ r m t hese | ocati ons
back to dtevi ce driver %ganc\%’mat%lg% lg%éstggélr%é%éoﬁgé Dgéri\é%:%gl\/mmry Access 15
("DVA") engine 16 al so on host processing device 11. DVA engine consults a
table, such as scatter/gather list 27, to determ ne where in nenory 17 to
store the received data. Scatter/ gaisheriptish 27 i ncludes |ists of
addresses in nenory 17 into which data fromhard disk 12 is to be stored.
20 | ssuing An | nt @feptiDgr ity FReadilng bllocki diadratm pooeeswsl ipsahown for
reading data fromhard disk 12. Device driver 15 receives (201) a

5 processing device 11 reading data from a hard disk 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 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 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



- 3 WD 01/46793 PCT/ US00/ 42612 command from software on host processing
device 11. The command identifies denmand data and prefetch data at

di ff erentwaddue@eses (|l ocations) on hard disk 12, and i nstraustodesi2zce
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 denmand data precedes the prefetch data (i.e., the prefetch data is
after the demand data) in a direction of novenent of hard disk 12. For
exanple, as 10 shown in Fig. 3, hard disk 12 rotates in a direction of

arrow 21 dUeifaredioRd s ehias WCHoeRd 2. Y Holldavg, 14 freads data

from channel s on isk 12 during rotation. e the transducer head

encount er s cdaRnd dald 34 ikef Gltan A:ekChatA A% das LSl t of the

direction of rotation 15 of hard disk 12), demand data 24 is read first.

Prefetch dai&f2%ens bEde@zech lagatiRinison drhd#aridingxty datad hat  will be
read by transducer head 22 will be the data that follows data 24.

Ret urni ng taskrget?d, devicespgonsert ast he cemdnthe?@eneeri vl igrad@hcidevi ce
driver 15 reads (202) demand data 24 fromhard disk 12 and provides the
demand dat date DMaremginde disk 12 on disk drive 14.
Demand and prefetch data are typically contiguous
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 disk 12 rotates in a direction of
arrow 21 during reading. A transducer head 22 on disk drive
14 reads data from channels on hard disk 12 during rotation.
Since the transducer head encounters demand data 24 before
prefetch data 25 (as a result of the direction 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



16. DVA engine 16 then consults (203) a database, nanely a scatter/gather
list 26, to determ ne where to store the data - 4 WD 01/46793

PCTI USOO&2eil4d703r ead in 202. Device driver 15 prograns DMVRCEUS00€2615 W t h
scatter/gather list 26 prior to reading data fromhard disk 12.
Scatter/gather list 26 includes entries which specify destination buffers
(regions of nmenory 17) into which the 5 demand data and the prefetch data
are to be placed. The destination regions of nmenory may not be contiguous,
in which case DVA engine 16 is programmed with multiple entries, one for

sach i scoLgustiessso! oneDUb spgloe 16 sensylis Laldloseabt st/ gavier |1t

26 10 periodically as b ogi ca Bl ock

Addresses”)-9f - 3y gaBher 28c Jbeptisguencyealii Nhi hraseabhenbgat hekyl i st
26 is consulted nmay vary dependi ng upon the size of the blocks of data.

However, the. freguepey/gsthsuchitbabe DMA-BRgEBeeAbreansuht shsepkigrigat her
list 26 at 15 (or substantially near) a boundary between the demand and

prefetch datat{nastibatbdafarkss (regdpnsAnfentnypr{oL7enintesyhisuchhas a

flag, is provided in scatter/gather list 26 at the boundary between

entries5 rémandgdabat aeddehandrdaeachndathogeer ebabenglhoetihe The
destination regions of memory may not be contiguous, in
which case DMA engine 16 is programmed with multiple
entries, one for each discontiguous region.

DMA engine 16 consults (203) scatter/gather list 26

10 periodically as blocks (associated with "LBAs", or "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 is
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



20 prefetch data. As DVA engine 16 finishes with the demand data, it
encounters this entry in scatter/gather list 26. Wen it encounters this
entry, DWoengsrsee 16 issues (204) an interrupt to signal prdrasSsoMdzsdar y

bet ween the demand and - 5 WD 01/46793 PCT/ US0O0/ 42612 prefetch data. The
interrupt is provided to device driver 15 which, in response, inforns

ot her processes (not shown) executing on host processing device 11 that

t he demand data has been read/stored. The demand data can then be
processed 5 or transmtted by these other processes, while DVA engine 16

continues fpefeadn(daps . pr ohet ehedalantS:sBY U5t 8042 DVB 0008 ALedey

interrupt as set forth above, it Is possiblfe to read deman prefetch

data in resppAsentoia skBpbRseOMIBRdhEOBLHeY §8oHELKEE IRoraBdotaen 10 to
process the demand data while the prefetch data is still 'being read. Thus,

process 19%sxedutefigconnhsdtopesbeadingi thotitesacr thhei Bgei ABRRAAL data
advant ages of obtaining prefetch data. 15 Reading Preceding Prefetch Data
In Fig. 4, has héeernatidyetpredessTB8 idsmahdwdater caneatdkengbdapaotbeemedar d
di sk 12. Process 30 uses device driver 15 and DVA engine 16 to control
readingfir@n1haadsmitted by these other processes, while DMA engine 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 prefetch data in
response to a single command from device driver 15, and then
10 to process the demand data while the prefetch data is still
being read. Thus, process 19 reduces command overhead

without sacrificing inherent advantages of obtaining

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 device
driver 15 and DMA engine 16 to control reading from 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,



di sk 12. Controlling reading directly from host processing 20 device 11
brings to bear additional resources, such as processing power and nenory,
t hat ar ewwdr/asvdzer wi se avail abl e during readi ng. This i SPOBRIBIG€612
processors in the host processing device generally operate at greater
speeds, - 6 WD 01/46793 PCTI USOO 42612 and have access to nore avail able
menory, than typical controllers which reside in, and control the
operation of, disk drives. As a result, relatively |arge anmounts of
prefetch data can be read and stored using process 30. 5 Device driver 15

recel ves (404) naveosuBaMs  £8MoAR0LREL1 SOTRUnEhoRy O0ERRY ( §9f>jr§§imp' e, an

application programrunning on host processing device e command

requests (&enend)1dasavhi M fespesi {he hRGaLLRAreD PREdofisKt 13- okN
response to the conmmand, device driver 15 reads 10 (402) data 31 that

precedes tdeskedmidedat aan24ai neauldj reelavhvelymaigse ehohiactd disk 12 (see
Fig. 5). This "preceding" prefetch data 31 may be adjacent to demand data
24, as shownefat&hgdaba oanibenagadeahdcatededtusdineg ptrbeesspBDOr poi nt
relative to the demand data on hard disk 12. 15 Generally speaking, it does
not také& additi ondeviiare drtiyeredd dmiceides si4fde tthedmieatd dirasf demand

data 24 is
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.



noved to transducer head 22 anyway to read denmand data 24. While hard disk
12 is being noved into position, transducer head 22 will pass over data
31, duri ' time transducer 20 head 22 reads that dat ais
stored (Sggyp?ﬁQ%ennry 17 (or otherw se processed) on hoé?”S}%@Qgg?ng
device 11. Storage is perforned via DVA engine 16 and scatter/gather [|ist
26, as described above. - 7 WO 01/46793 PCT/ US0O0/ 42612 Process 30
meanwhi | e reads (404) denmand data 24 from hard disk 12 in response to the
same command received in 401. Thus, a single command can be used to both
prefetch and demand data. Process 30 may al so read prefetch data 5 that
follows the demandXRfASES P h BRIV h Rt (4 ofdenand datsk 22.f:®mcess
19 may be useg éo %egg this_grefetch dﬁ%a, or the data nmay be read using
host proceS3Ffigyal; 111 TePPGLESs S0t hEy SBBSr EpBRERE FEFepVEFalNsect or s

of hard dysk 12,and for plusal cenirigs ol Lhe scatier{gather List, 10

Har dwar e rdware oh which=processes 1 y

shown in Flg embhoafeh COBRULELs(36Cnhy321sbNEbYACH Lok Al bikga14 whi ch

reads and wites data on a har
5 that follows the demand data in a direction of motion of

hard disk 12. Process 19 may be used to read this prefetch
data, or the data may be read using host processing device
11. Process 30 may be repeated for plural sectors of hard

disk 12 and for plural entries of the scatter/gather 1list.

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 which displays 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 in memory 17) and
functions as the host processing device.
20 Fig. 7 also shows components of disk drive 14.
Among these components are hard disk 12, transducer head 22,
pre-amplifier 37, analog variable gain amplifier ("VGA") 39,

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



15 di sk, a display screen 34 which displays information to a wuser, and
i nput devices 35 which input data. A controller 36 (Fig. 7) in PC 32 runs

devi ce d%’%‘*’ﬁ{{%f]’é’f and DVA engine 16 using scatter/gather Ié;gg.h_{sé-@,d]ﬁ&ored in

menory 1 unctions as the host processing device. al so
shows conponents of disk drive 14. Anong these conponents are hard disk 12,
transducer head 22, pre-anplifier 37, analog variable gain anplifier
("VGA') 39, filter 40, analog-to-digital ("A/D') converter 41, - 8 WO
01/ 46793 PCTI USOQ 42612 controller 42 (including nenory 27), and witer
45. Hard disk 12_is a magnetic di sk having concentric data storage
channel s dEPPhERLERTe4eh \SRCLHEIBEOMERETYsEr ac88d MEAGSEi R-12 is rotated
i nside disk drive 14 ile datais read fro itten to its chanpnels.

A Though only onditi TS5t & SHAIEL Hor b Thelir GHeS qr Aol b

i ncl uded | iLsk.drive 14 __Trans r _head 22 is neto-resistive head
(or sim'lg?g e@Fggfgghg apgeggpggﬁgngp Pgagﬁﬁ& ggté rSMCERF 10 writing

data to. haldedisk 12u.Faansdiceh Beadogarld ans0ahaladid Rudydl i ngt
p over a storage surface o ar isk I2, ‘meaning that it is
nmovabl e 4 el gt ¥eqhk@a 38dread 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 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" relationship 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.
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).
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 transitions from millivolts (mV) to

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



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 to transducer head 22 to nove transducer head 2%¥59U§@ﬁ%550ns on
hard di sR¥O9Y447P{m which data is to be read (process 19). ‘Iransducer head
22 senses flux transitions as it "flies" in close proximty to a specified
| ocation on hard 20 disk 12. These flux transitions 50 are provided to pre
anplifier 37. Pre-anplifier 37 is a voltage pre-anplifier that anplifies
the flux transitions frommllivolts (nV) to volts (V). The resulting
pre-anplified anal og signal (or 9 WO 01/46793 PCTI USOQ 42612 "read"

si gnal ) 51 "reasi"odigedlto SVGA s3Provaaesh tiouMAter3 9 .anplGH i3 fusgdiasi gnal 51
and provides a resulting anplified read signal 52 to filter 40. Filter 40
i s an anal §ilfiEs Rl iSAGahatl SN RECHIEE S 3 R iing |3lgifared wave
fromanplified read _signal 52.. To this end, filter 40 is programed in
accor dance ffech S at ttlparé'flé’err &% of a data zone on hard disk 12 from

whi ch signal 52 uI%i teIX ogiginaggg o R¥§E%t£ g Li Eered Bi nal 54 is
subj ected to sanpl hg?%ﬁd Q0" Guaht FYEEPINT %.2 Arghigpeel ﬁ?D convert er
41. AD 5 generates a substantially square wave from amplified read
signal 52. To 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 ultimately originated.
Resulting filtered signal 54 is subjected to sampling and
10 guantization within high-speed A/D converter 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. Memory 27 also stores
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 -



converter 41 outputs digital data 55 generated fromsignal 54. Data 55
corresponds to the data stored on hard disk 12. Witer 45 is provi ded for

V\ﬁitinga@ﬁtg hard disk 12 (via transducer head 22). % f,%ores
conput er {4§&Pr ucti ons (including firmvare for device dr| ver {z)

i npl ementing process 19. Menory 27 also stores scatter/gather list 26.
Processes 19 and 30 are not limted to use with this foregoing hardware
and software configurations; they nmay 20 find applicability in any
conputing or processing environnent. Processes 19 and 30 nmay be

i npl emented in hardware, software, or a conbination of the two. Processes

19 and 30 %Ww#%m%t%ﬂﬁwwmt% PRy r el We cutPrrcesaor, D

01/ 46793 PCTI USQO 42 | e co uters that. each inc]ude. a
processor ST ?ﬁf?ﬁ%ﬂ%gﬁf Ry RIS ?ﬁ%‘%’és@o‘?‘:](‘ﬂﬁ;ﬁh‘ll%d‘f?ﬁga*%b]r%tl l e

and non-vol atile enpr t}/lfnd/ or stora el enent s ﬁt east one.in

devi ce, arfd ol brY ot e out pute devit c O S ERIS T erb‘?rbtg? Am Py’ B2 !
|l ement e d N fold e 8] o O&fféi%alm&fe RUEsLe ddented, programm ng

| anguage to nicate with a conput er sy wever the prograns can
be inpl gmented i ngasserbly BEO@%%R'ﬁ%ylﬁggﬁ%ggemgg%ed in a high level

procedural or object-oriented programming language to
communicate with a computer system. However, the programs
can be implemented in assembly or machine language. 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 magnetic 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, upon execution,
instructions in the computer program cause the computer to
operate in accordance 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

- 131 -



| anguage nmay be a conpiled or an interpreted | anguage. 10 Each conputer
program may be stored on a storage nedium or device (e.g., hard disk or

nagneticvg%ﬁbﬁ%&ﬁ) that is readable by a general or spec@@TnQ%&QQaE o
e en the

pr ogr ama conmputer for configuring and operating the conputer

storage nediumor device is read by the conmputer to perform 15 processes 19
and 30. Processes 19 and 30 nay al so be inplenented as a conputer-readabl e
storage nedium configured with a conputer program where, upon execution
instructions in the conputer program cause the conputer to operate in
accor dance mﬁthﬁgroceﬁses 19 and 30. 20 Ot her enbodi nents not specifically

descri bed ReFEFRT/GRERSF sO1GFt AP NEPhEALEBPRMBF SPAGNE Ol PolPNESELSI Ns. For
le, f _ 19 d 30 ined i i_.ngl

erboni ment SAAHHESP BNl PEREEREES ray CASHAEA 20 25915 OVERE1PRsPEsd TO°

PCTI USQQO 4 | ] 6 ) gl 16 to |

PCT1 U650 4261283t oG BLhce o420 1 Sauos Dt coalacaifel ol ssuo

stored on s g La,nj Lngs hegal diapn+gu as .
(* Conpact ks SAERREe (P8 oy EPRRHGEC S Br e e PYRERG BEER TR L near
Tape") . ey grsdri veralbrrmeyphgi g1 AlAnéafdvapeed Tephpolaoy Al kachaent ")

driver.
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 more steps thereof may be
executed concurrently. The invention may be used with other

10 storage media, such as optical disk drives and magnetic

recording devices.

15

20

- 12 -



Processes 19 and 30 nmay be executed in a different order fromthat shown
and/ or one or nore steps thereof may be executed concurrently. The
inventio used with other 10 storage nedia, such a & i sk
drives aﬁggﬁgaﬁg%ic recording devices. 15 20 - 12 WO gf?@%%g%hﬂg

PCT/ USO0/ 42612 What is clained is: 1. A nmethod of reading data froma
storage nedium conprising: reading data on the storage nediumin response
to a 5 conmand; storing the data in a region of menory; and issuing an
interrupt after a predeterm ned portion of the data has been stored in
menory. 10 2. The nethod of claim 1, further conprising consulting a

dat abase to deter Mt wherc13MeduE the interrupt. 3. The nethod of claim
2, wherein the daftflbaszg A2 Iclz&grpé' ses élrlgé I‘élCti ons for stori ng t he, data and

for issuing the |nterrup?F rea ata tfrom a storage medium,
comprising:
reading data on the storage medium in response to a
5 command;
storing the data in a region of memory; and

issuing an interrupt after a predetermined portion

of the data has been stored in memory.

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
15 comprises instructions for storing the data and for issuing

the interrupt.

4. The method of claim 2, wherein the database
comprises a scatter/gather list.
20
5. The method of claim 1, wherein the predetermined
portion of data is read from a first location on the storage

medium and additional data i1s read from a second location on



4. The nmethod of claim 2, wherein the database conprises a scatter/gather
list. 20 5. The nmethod of claim1l, wherein the predeterm ned portion of

data i s pasgh/dereym a first location on the storage nedi umpangsasididiz onal
data is read froma second location on - 13 WD 01/46793 PCTI USOO 42612

the storage nedium the first location preceding the second location in a
direction of novenent of the storage nedium during reading. 5 6. The

met hod of claim6, further conprising reading data froma third | ocation
on the storage nediumin response to the command, the third | ocation

di irst | ti [ di tign_of t of th
RSP LT Pl S T s e R
devi ce readscadaba Lho 8: pLOLAOR BRIMMILALAE diSindl LL8, ACAMRELILAC:
reading data froma first Tocation on the storage nmediumin response to a

command regieshingedatagat a second 15 location on the storage nedium and
reading data fromthe second | ocation on the storage

5 6. The method of claim 6, further comprising
reading data from a third location on the storage medium in
response to the command, the third location preceding the
first and second locations in a direction of movement of the
storage medium during reading.

10
7. 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
15 location on the storage medium; and
reading 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
8. The method of claim 7, wherein the first

location is adjacent to the second location.



mediumin response to the command, the first |ocation preceding the second
| ocation in a direction of novenent of the storage nmedi um during reading.
20 8. Theygeikges of claim7, wherein the first |ocation igcpdé@ueant to the
second location. - 14 WD 01/46793 PCTI USOQ 42612 9. The method of claim
7, further conprising reading data froma third |ocation on the storage
mediumin response to the command, the third location follow ng the

second location in the direction of novenment of the storage 5 nedium
during reading. 10. The nethod of claim9, wherein the third I|ocation is

adj acent to the segon C 1 Th thod of claim?7, further
conpri si ng recelvgngd¥%g @%%ﬁ%% gro%?h cghgﬁ?ﬁFg%¥oﬁ?ﬁﬁré§éEEtlng on the
host procesgin %9 38 f:L% - The ygiad, Qi 4 gJ 108 End Wildial eco@{' 81 ng, 15
storing data rea ron1the irst and secon ocatlons in r on the

host proceseisp@nd@Vicee tht3 cofm@RPUtee RIAHAMNHQ e %Jﬁicﬁ&'ﬁwté{e
readabl e nedi um for readi ng data froma st orage nedlu
second location in the direction of movement of the storage

5 medium during reading.

10. The method of claim 9, wherein the third

location is adjacent to the second location.

10 11. The method of claim 7, further comprising
receiving the command from a computer program executing on

the host processing device.

12. The method of claim 7, further comprising
15 storing data read from the first and second locations in a

memory on the host processing device.

13. A computer program stored on a computer-
readable medium for reading data from a storage medium, the
20 computer program comprising instructions that cause a
computer to:
read data on the storage medium in response to a

command ;

- 15 -



20 conputer program conprising instructions that cause a conputer to: read
data on the storage nediumin response to a command; - 15 WO 01/46793
PCT/ USOOAv2érl4g793st ore the data in a region of nenory; andpc$aise0/4312
interrupt after a predeterm ned portion of the data has been stored in
menory. 5 14. The conputer program of claim 13, further conprising
instructions that cause the conputer to consult a database to determ ne
when to issue the interrupt. 15. The conputer program of claim 14, wherein
the 10 database conprises instructions for storing the data and for

issuing the interr, ter rﬁgn" , Wherein the
dat abase conprlses%§h§E§$¥EE¥§hther%l ?g %%he donpu er pr ogr am of
claim 13, wherein ith&e REdfP aQEQretr' on eddie datd $ %dJ '&m a

first 1location on the storage nedium and additional data |s read froma
second | ocglé ofla O hhe Bé@mageOﬁ@dlyﬁ]mém@r§Lrst 20 |l ocation preceding the

second location in a direction of
5 14. The computer program of claim 13, further
comprising instructions that cause the computer to consult a

database to determine when to issue the interrupt.

15. The computer program of claim 14, wherein the
10 database comprises instructions for storing the data and for

issuing the interrupt.

16. The computer program of claim 14, wherein the
database comprises a scatter/gather list.
15
17. The computer program of claim 13, 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
20 location preceding the second location in a direction of

movement of the storage medium during reading.



novenent of the storage nediumduring reading. 16 WD 01/46793

PCT/ USOQO' 42612 18. The conputer programof claim 17, further conprising

i nstruct iwp91ué@s cause the conputer to read data from a gpdwusoolsae@ti on on
the storage nmediumin response to the conmand, the third | ocation
preceding the first and 5 second locations in a direction of novenent of
the storage nediumduring reading. 19. A conputer programstored on a
conput er- readabl e nmedi um whi ch causes a host processing device to 10 read
data froma storage nedium of a disk drive, the conputer program conprising

i nstructions that fﬁuseTLQecgrqﬁ{rlrtéa?Lﬁ}g?\%%‘ggoge&g?gt 05 rgagt ata froma

. X . er .
first location on the storage response a’ tormand requesting

data at a $eaRnd silRy IOGALIRR Mhd het WAL mBdl WinLARd £ qad xdéécf@ ﬁg&n the

second | ocation on the storage nediumin response to the command,
first |ocatfirom apreced NGddte SeeNdHOGAdRyd madidin et iU dndovesrent of
the storage nmedium during reading. 20 20. The conputer program of claim 19,
wherein thehe command, the third location preceding the first and

5 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 a host processing device to
10 read 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
15 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
20. The computer program of claim 19, wherein the

first location is adjacent to the second location.



first location is adjacent to the second |location. - 17 WD 01/46793
PCT/ US00/ 42612 21. The conputer programof claim 19, further conprising

i nstructiwg oidés cause the host processing device to readpcaisooisem a
third location on the storage nediumin response to the command, the third

| ocation following the 5 second |location in the direction of novenent of
the storage nediumduring reading. 22. The conputer programof claim 21,
wherein the third location is adjacent to the second | ocation. 10 23. The
conput er program of claim 19, further conprising instructions that cause

t he host processi ng, deﬁlgecélg%%g%gwggépg%cg?@?%%&Lg%ﬁég uter program

executing on the host processi ?5gram of

claim 19, Ll s 0 MRS RS WA I 0s d ke 68 elptﬁb%ég%si%qog&egﬁfncgénggy

device to sto ata rea from Irst and secon ocations
0[1 the host PrEGESHAH UL e IR oM RPN fWodsRadigidat a.froma
st or age

response to the command, the third location following the

5 sgecond location in the direction of movement of the storage

medium during reading.

22. The computer program of claim 21, wherein the
third location is adjacent to the second location.
10
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

- 18 -



medi um conprising: a nenory which stores conputer instructions; and - 18
WO 01/ 46793 PCT/ USO0/ 42612 a processor which executes the conputer

instruct iwwg91/44793 (1) read data on the storage nediumin r ggQUSR/42622
command, (ii) store the data in a region of nmenory, and (iii) issue an
interrupt after a predeterm ned portion of 5 the data has been stored in
menory. 26. The apparatus of claim?25, wherein the processor executes
conputer instructions to consult a database to determ ne when to issue the
interrupt. 10 27. The apparatus of claim 26, wherein the database

h f '
1528, “The appar at HeLar-Cra b BaCoGFar AL PR o, SPRFRT nBBokORTFORSD

data is read QM3 dd idled QAN ot Qe U 0A0S Ml B AN Addf ti onal
a

data is re froma second |location on“the storage nedirum the first

location pigeRNY (he R dHRCAHQN id 2 didiest idn r@mdgéyer@m of 20
t he storage nedlun1dur|ng readi ng. 29. An apparatus for ing data froma
st or age (iii) issue an interrupt after a predetermined portion of

5 the data has been stored in memory.

26. The apparatus of claim 25, wherein the
processor executes computer instructions to consult a

database to determine when to issue the interrupt.

10
27. The apparatus of claim 26, wherein the database
comprises instructions for storing the data and for issuing
the interrupt.
15 28. The apparatus of claim 25, 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

20 the storage medium during reading.

29. An apparatus for reading data from a storage

medium of a disk drive, comprising:

- 19 -



medi um of a di sk drive, conprising: - 19 WD 01/46793 PCT/ US00/ 42612 a
menory which stores conputer instructions; and a processor which executes

the conpy®hidenss ructions to (i) read data froma first |paagdemzén the
storage nedium in response to a comand requesting data at a second 5

| ocation on the storage nedium and (ii) read data fromthe second

| ocation on the storage nediumin response to the comand, the first

| ocation preceding the second location in a direction of novenent of the
storage nmediumduring reading. 10 30. The apparatus of claim 29, wherein

the first locati qn rﬁeﬁn&% %néh té)célrée Sc?og%m:éxocargs't?rnuctlorgs 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

5 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.

10
30. The apparatus of claim 29, wherein the first

location is adjacent to the second location.



