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hard di sk. The data fromthe other locations is called 10 "prefetch data,,
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unnecessarily to wait for the prefetch data to be read. O her features and
advantages wi Il becone apparent 10 fromthe foll ow ng description and the
cl ai ns. Bmicedi/desscription of the Drawings Fig. 1 is a bl oclhcedia@nasgof a
di sk drive and a host processing device. 15 Fig. 2 is a flow di agram
showi ng a process for reading data fromthe 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 diagramof an alternative process 20 for reading data fromthe
disk drive. Fig. 6 is a front view of a conputer which can function as the
host processi ng devi ce. are included in
- 2 WD 01/46793 PCT/ USQO k st processing
device. Description Referring to Flg 1, bIock dlagran110 shows a host 5
processi ng device 11 reading data froma hard disk 12 of a disk drive 14.

Disk drive 14 may reside W BARgRGSId of the Invention

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



processing device 11 or it may be an external drive. Software (device
driver) 15 executing in host processing device 11 receives commands from

appl i cat iwo81/467930 ot her conputer program(s) (not shown) epetukbiMren host
processi ng device 11. These commands instruct 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 Menory Access 15 ("DMA") engine 16 al so on host processing
device 11. DVMA engine consults a table, such as scatter/gather list 27, to

det erm ne vher éﬂbﬂ&?prﬁﬁ%%t&ééﬁ‘ﬁéﬁtﬁHéJQ&?H%%%éﬁgéﬁ wfﬁ@%%fr/gather

list 27 includes lists of addresses I n nenory 0 whit a fromhard

di sk 12 i s yQ theSireeGhadQ ileriil noh AN dts ripiq Rurd .Reaﬁmg,'&%&lg- 2,

a process 19 is shown for reading data fromhard disk 12. Device driver 15
receives (2@bm awo 3oWRE)46233 HACHIISI U614 o fuRneseftuware on

host processing device 11. The comrand identifies demand data and prefetch
data at dirkher emd addreesses] (depeatdtens) wnidwrd dirsdld 2 redl 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 fof 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



instructs device driver 15 to read the demand and prefetch 5 data from hard
disk 12 on disk drive 14. Denmand and prefetch data are typically contiguous
dat a bl o8¥3 0641492 he demand data precedes the prefetch dat PCuse/i42é6i2he
prefetch data is after the denmand data) in a direction of novenent of hard
di sk 12. For exanple, 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 ¢he @isRcai e 0hndotRli 09st 15r8kebatfdydhsk;12), demand data 24 is
read first. Prefetch data 25 is read on the ass%rrption that the next data
that wll 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) demidgialonh 24 fromhard disk 12 and
provi des the demand data to DVA engine 16. DMA engine 16 then consults
(203) a dat abase, Redmeining tecatiter igaidierck icitacdeam 10 dH@idinenadrere to

store the data - 4 WO 01/46793 PCTI USOQO 42612
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



read in 202. Device driver 15 prograns DVA engine 16 with scatter/gather
list 26 prior to reading data fromhard disk 12. Scatter/gather list 26

i ncl udes woton4e93 whi ch specify destination buffers (regi oRreTaSOMEYY 17)
into which the 5 demand data and the prefetch data are to be placed. The
destination regions of nenory may not be contiguous, in which case DVA
engine 16 is programmed with nultiple entries, one for each discontiguous
region. DVA engine 16 consults (203) scatter/gather list 26 10
periodically as bl ocks (associated with "LBAs", or "Logical Bl ock

Addr esses” otina@@l & e dRGartNSd RAuUe oc%sé’ﬂ%?ﬁ.?\algg%tﬂ/ gapher |ist

26 is consulted may vary dependi ng upon “the size | ‘ocks o?edata.

However, tkemiaeduadentiis et Avh engi - dibcansylts scatter/ gat her
list 26 at 15 (or substantially near) a boundary between the denmand and

prefetch datiffeaenthadddatsadss (MeadtioNs)emd ndl EHKi€s),as4ich as a
flag, is provided in scatter/gather list 26 at the boundary between
entries réhstirngtiso delve ceemaricredatld ard rehaas & Heel ddniangd tand her2fe peef et ch
data. As DVA engine 16 finishes with the demand data, it encounters this
entry i b sdateetrga herd ddsk2a2 omhelisk dericmuritders this entry, DMA engi ne
16 issues (204) an
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



interrupt to signal the boundary between the demand and - 5 WD 01/46793
PCT/ USO0/ 42612 prefetch data. The interrupt is provided to device driver
15 whi chwo e1/46883p0nse, i nforns other processes (not shown)PCTedsoudRéing on
host processing device 11 that the denmand data has been read/stored. The
demand data can then be processed 5 or transmtted by these other
processes, while DMA engine 16 continues to read (205) prefetch data 25.
By using a DVA-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 ,r88d ihepod0 tpepiecess;ihe Qgﬁg%gg%g Y %nyl Pref gligh data
edu ea W

is still being read. Thus, process 19 r cés comrand over out

sacrifici ngchpber pghrRdyant 3gescobrobiatpi PeadRhel 8heh ¢aba nkadReading
Preceding Prefetch Data In Fig. 4, an alternativeé process 30 Is shown for

readi ng data. freonbaed/daske121iPeocessnduusesedevies whhickespke:iaid DVA
engine 16 to control reading fromhard disk 12. Controlling reading
directly fdesthogstipnobesfeng 20edévheeofimbmbrgsitvo heas atdich el
resources, such as
5 demand data and the prefetch data are to be placed. 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



processi ng power and nenory, that are not otherwi se available during
reading. This is because processors in the host processing device

gener al | yopese@d® at greater speeds, - 6 WO 01/46793 PCT/r¢00%0028412 and
have access to nore avail able nmenory, than typical controllers which
reside in, and control the operation of, disk drives. As a result,
relatively large anobunts of prefetch data can be read and stored using
process 30. 5 Device driver 15 receives (401) a command from anot her
conput er program (for exanple, an application programrunning on host

processi ngpdeykeenlahcaThergemapd rgquest s-64emaRd) datka ;fJ.0 ecific
| ocati on oLr)1 hard di sk a12. I n respgﬁsg to t%ggcgﬁnﬁ? gtg?ilgée ?rri%\yzérqr 15

reads 10 (#62)ndaha 34 thapopeecedasothe eemmpdpdabas2dd Nac dHfRDi on of
notion of hard disk 12 (see Fig. 5). This "preceding" prefetch é%ta 31 may
be adj acenexéoudénmgndndabat BépcassshewdeiAcEi g1 Bha®r thie RhPQ lRGat ed at
sone other prior point relative to the demand data on hard disk 12. 15
CGener al | y speakeay, readdeesradt t @ke dddbhdodatat cam thenr dad pdatca 3kd
since the location of demand data 24 is noved to transducer head 22 anyway
to read depBndrgasmipged 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,



Wil e hard disk 12 is being noved into position, transducer head 22 w ||
pass over data 31, during which tine transducer 20 head 22 reads that data.
The dat aWwW@o0B#G%2d (403) in nenory 17 (or otherw se proceasseu§ooa6idost
processing device 11. Storage is perforned via DVA engine 16 and
scatter/gather [|ist 26, as described above. - 7 W) 01/46793

PCT/ USOQ' 42612 Process 30 neanwhil e reads (404) denmand data 24 from hard
disk 12 in response to the sanme conmand received in 401. Thus, a single
command can be used to both prefetch and demand data. Process 30 may al so

read prefehnl data Gcthat tel hews bb@id@%&@dm@%bégl”t%d@'ﬁgﬁ*d&@ of notion
of hard disk 12. Process 19 may be used to read this pref éh data, or

the data negnbeoigadsushiighhestigeotasshng dewiceel the BRGRSS 030 JBYy be
repeated for plural sectors of hard disk 12 and for plural entries of the
scatter/ gaghek Hrsves.10ABanduaseltiHardlateved ywiaehepaaeesses o9 and 30
may be inplenmented is showmn in Fig. 6. Personal conputer ("PC') 32

i ncl udes dPsRfgEredanawapehbeesdadapddwstbreddasangn pachassd 30 .

5 Device driver 15 receives (401) a command from
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.



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 dry and DVA engine 16 using scatter/gather I ored in
menory 19¥d§%g%§%unctions as the host processing device. fgﬁgU&ﬁM%ﬁzlso
shows conponents of disk drive 14. Anong these conponents are hard di sk 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 disk haV|ng concentric data storage
channel s defi ned c?ﬁ%?g& |“Eesar§'flb1r]a°gée f Q). Jemandidxta 224 st¥emat ed
i nsi de disk_dri e data |gﬁre d fromwitten to its channels.

Although oY %?@%h%\?dlﬂl ERSEONPE © fiBPe FREM2BAe TELSR VRRY 1he

| uded Kk 1 head 22 t head
ncluded | fo kol ver Lgs TH AnaduGelahead 22 13,8 TRONSLer Loslstlyo head
data to, hard &éagn&ZdaIaansgysgesQegg fay' §188526L8! e Rn’ Haying"

rel ati onship over a storage sur
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 list.

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

includes disk drive 14 which reads and writes data on a hard
15 disk, a display screen 34 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,



of hard disk 12, neaning that it is novable relative to, and over, the
storage surface in order to read and wite data. To read data from hard

di sk 12, drlver 15 15 (executing in controller 42), sends 5! gnal
to transgﬁgévg%%ead 22 to nove transducer head 22 to | ocations oﬁ 1ard di sk

12 fromwhich data is to be read (process 19). Transducer 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 transitijons frommllivolts (mV) to volts (V). The resultlng
pre-anplif?%ﬂtﬁﬂéfﬁﬁ %?gﬁéPC%Bglgg WOrOrYA6793 PCH WSAGRF2652 "read”

[ ) 51 i VGA 39. VGA 39 furt Jifi d | 51
and brovi des a1 oA LSl Fibd TGP G 5B A | ERRCHRL T Ler 40
[ I h t bst ||
from anpl i %9%% G RO N e e

accor dancegui-toLbe dﬁ&i‘ tgangf ep tat foegtadd%glégnﬁl%ﬂ da%% qisk 12 from

whi ch S|gn tlnate y orl gi nated.
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 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



Resulting filtered signal 54 is subjected to sanpling and 10 quanti zati on
w thin high-speed A/D converter 41. A/D converter 41 outputs digital data

55 geners&quz §1signal 54. Data 55 corresponds to the q§%98§§%5&%20?_

hard dis Iter 45 is provided for witing data to har vi a
transducer head 22). Menory 27 stores conputer 15 instructions (including

firmmvare for device driver 15) for inplenenting process 19. Menory 27 al so
stores scatter/gather |ist 26. Processes 19 and 30 are not |imted to use
with this foregoing hardware and software configurations; they may 20 find

applicability in any conputing or p[ocessing_ envi ronnment. Processes 19 and
30 may be i'HpPETeSLERAA ShaldwRFeVisst: ke ¥GPoB% coifd it iforrtdfen he t wo.
Processes 19_and 30 may be inplenented in conputer progranms executing - 10
WD 01/ 46793 T PEHUSE0F 281 SLIB IpPog PRRTEBIY LG pat SES UGN #0T | Hict aHle. a
processor, _a_.stora dium_r.eadabl e by the processor (including volatile
and non-voFS?Flglﬁg%brgaaﬁ57gﬁﬁgfgfégé el enents), at |east one input

devi ce, and one Ongﬁ%$%3%?pf§ vaéﬁnggSfE?ggr?g&QaP{gggaghggy be

i npl enented in a hi
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 quantization 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 drxiver 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 -



procedural or object-oriented programm ng | anguage to conmmunicate with a
conputer system However, the prograns can be inplenented in assenbly or

machi ne . The language may be a conpiled or an inR§y
&ﬁﬁgﬁég%h "&%ﬁgﬁﬁﬁn1or

| anguage conput er program may be stored on a storage

device (e.g., hard disk or nmagnetic diskette) that is readable by a
general or special purpose programrable conputer for configuring and
operating the conputer when the storage nediumor device is read by the
conputer to perform 15 processes 19 and 30. Processes 19 and 30 may al so be
i npl enented as a g&ﬂgq%fr-readable storage nediunl configured with a
comput er FIOFENTTHABTRIC | pIRP R Dt PRt e3FRt Fuet PénAsai RreAesEstputer
program cause the conputer tg ggeéate in accordanc?_mjth processes 19 and
30. 20 O HErOEbodirants hotiaBeei PY Bt yPHRSeFFBBd (hBFLrAingr %o4pEd 1 t hi n

Lhe scope Alauls, {0l 00 GLALIY oFgjcr HATBLE. Leptuies, of o ocesses 1

and 30 can be conbined 1n a sin odi fren y be

added 10 orld + HOOUAPI, PLTH USCO 42612: S5at ot 8L eLsl TSt 26 to cause

DVA engine 16 to issue additional interrupts. Processes 79 and 30 can be
used tos Each such program may be implemented 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
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access data stored on other storage nedia, including optical mnedia, such
as CDs ("Conpact Disks"), DVDs ("Digital Video 5 Disks"), and DLT ("D gital

Li near Tap8§p)4e7b¥eVi ce driver 15 may be an ATA ("Advanced]{ﬁgggﬂh 1Y
Attachnent™) J%gfer. Processes 19 and 30 nay be executed in a i?ferent

order fromthat shown and/or one or nore steps thereof may be executed
concurrently. The invention nmay be used with other 10 storage nedia, such
as optical disk drives and nagnetic recording devices. 15 20 - 12

scatter/gather list 26 to cause DMA engine 16 to issue
additional interrupts. Processes 19 and 30 can be used to
access data stored on other storage media, including optical
media, such as CDs ("Compact Disks"), DVDs ("Digital video

5 Disks"), and DLT ("Digital Linear Tape"). Device 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 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.
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