2 8 SEP 2004 DESCRI PTI ON DI SK MEMORY DEVI CE, DATA PREREADI NG METHOD, AND
RECORDI NG MEDI A TECHNI CAL FI ELD The present invention relates to a disk
nmenory device for reading data recorded on a disk nenory nedidm Sieh 288 a
magnetic disk, an optical disk, or the |ike and, nore particularly, to a
dat a prereadlng met hod of the dlsk1nennry devi ce. BACKGROUND ART In order
to increase the speed of readi ng continuously- arranged data in a disk
menory devi ce, there has been enployed a data prereadi ng nethod as
follows. That is, reading of a data block, which follows a data bl ock for
whi ch a readi ng request has been nmade, is started and the read data are

stored in a cache nenory bef @EscRIPETON eadi ng request is received, and
when reading requests for continuous data bl ocks are received, the data

whi ch have been preread and stored in the cache nenory are transferred,
t hereby performng data transfer w thout being influenced by the disk

r ot aii i MMdRY IDTRVIQE ,t TATRe a¢ieReADERE MEeRD, | ARD AsceRDexsTRESIAf such
pr er eadi ng met hod, Japanese Publ i shed Patent Application No. Hei. 9-120617

di scl oses "METHOD FOR REDUCI NG PONER CONSUMPTI ON OF DI SK DRI VE | N COVPUTER
TO REALIZE 2 8 SE P 2004 2 H GH SPEED DATA TRANSFER, AND DI SK DRI VE

CONMEEERAYY FHEEOMPUTER" .

The present invention relates to a disk memory device for
reading data recorded on a disk memory medium such as a magnetic
disk, an optical disk, or the like and, more particularly, to a

data prereading method of the disk memory device.

BACKGROUND ART

In order to increase the speed of reading continuously-
arranged data in a disk memory device, there has been employed a
data prereading method as follows. That is, reading of a data
block, which follows a data block for which a reading request has
been made, is started and the read data are stored in a cache
memory before a next reading request is received, and when
reading requests for continuous data blocks are received, the
data which have been preread and stored in the cache memory are
transferred, thereby performing data transfer without being
influenced by the disk rotation wait time or the reading head
seek time.

As an example of such prereading method, Japanese Published
Patent Application No. Hei. 9-120617 discloses “METHOD FOR

REDUCING POWER CONSUMPTION OF DISK DRIVE IN COMPUTER TC REALIZE



In the conventional prereading nmethod, however, the direction along which
the data bl ocks are successively arranged is assuned to be a single
direction (the direction along which the |ogical block address i eases)
and, therefore, prereading of data cannot be carried out in e&pgééEQMM an
access for reading data continuousRy in the backward direction (the
direction along which the |ogical block address decreases). In recent

years, a disk nmenory device has been increasingly wused for
recordi ng/ pl ayback of video data, audio data, and the |I|ike, and the
conventional nethod can provide effective prereading with respect to
NoOHTEH BlraYDaCkTAHIRANSEERWNAND PESKODRIVEY CONKKRCPERYWIBHQCOMPEVERSe

pl ayback, although the data which have already been read out and stored in

t he cachen ne®@ryoneait iehgl gyed-deatikspnb tHdtg. Hialevar)i aheare not stored in
the cache nenory nust be read out successively. Further, during the

redersetpbayhaekg wheer 6BEUAStE BDOEEACLES | Octdasitdby dat Bangagcessive in
the forward direction, which are not necessary, are preread, whereby

| NREOY8BBALAOtoUBEAat EaAGI & dDYe Pt BS el G dLPEEPioReaBehy avelch Furt her,
during the trick play such as fast-forward playback or fast-reverse

pl apbackqgidal ap588R! 841RE69T th e d Sod Neah AyDRcKe r6PEL b A Lod @Bty OUt . I n
this case, when the conventional nmethod is enployed, unnecessary data

ot her gt haNCLRBoF e E8Er H8k Bo@¢ €in At SThSH X ath | &n thec&achesemory and,
therefore, the cache nmenory 2 8 S E P 2U0 4 3

reading data continuously in the backward direction (the

direction along which the logical block address decreases).

In recent years, a disk memory device has been increasingly
used for recording/playba;k of video data, audio data, and the
like, and the conventional method can provide effective
prereading with respect to normal playback. However, when
performing trick play, e.g., reverse playback, although the data
which have already been read out and stored in the cache memory
can be played backward, the data which are not stored in the
cache memory must be read out successively. Further, during the
reverse playback, there occurs a contradiction that the data
successive in the forward direction, which are not necessary, are
preread, whereby improvement of data transfer by prereading
cannot be achieved.

Further, during the trick play such as fast-forward playback
or fast-reverse playback, data sampled according to the playback
speed are read out. In this case, when the conventional method

is employed, unnecessary data other than the required data are

also stored in the cache memory and, therefore, the cache memory



cannot be used effectively. Further, the interval of the required data
areas is broadened as the playback speed is increased, resulting in that a
data area to be requested is not present in the same track or the sane
cylinder. In this case, if reading of unnecessary data is cafrg &EPorgggs
prereadi ng of required data cannot I8¢ nade in tine, resulting in an
interruption of playback of video or audio. Further, in the conventional

nmet hod, when the preread data are set in the cache nmenory, since the data
are stored in the direction along which the cache nmenory address increases
in the order of the preread data, the continuity of the preread data

bl oglsinstoned uskdt ke featieeignor Wurs Hemok eheatintevarade ofl &back
Therefore, in order to secure the continuity of the preread data bl ocks,

it irpghesessaEtat arkbasmia bachaeantr us whechlagbenkr gpeedf dsmation into the
cache nmenory, for each preread data block, and enter the cache entry into

t he jqach@skldst rek@sdlihgngni Bhat detintgeatebotef becreguensedofst hetcache
menory. Furthernore, in the playback based on the shuttle dial operation

whi ghegpakl e ktaewarfieOtraekebsetnbagbmekealindpraybdek thipeedssuyi idd to a
stop angle of a rotation dial nounted on a renote controller of a video

tap?eé@ﬁﬁbd%E hﬂné@@gghrgeéé%a tBecapkayhask, speedegainfeothaagetired
stages, and it happens requently that the present playback speed is

TetHEEEd %Hnb@ebepﬁﬁaboﬂﬁ Bhﬁ¥b3955§99§ﬂa {A 4hi sneaseupthendata required
int ayback at the previous playback speed cannot be preread by the 4

2 6p§§5b§994of video or audio.

Further, in the conventional method, when the preread data
are set in the cache memory, Since the data are stored in the
direction along which the cache memory address increases in the
order of the preread data, the continuity of the preread data
blocks stored in the cache memory is broken -at reverse playback.
Therefore, in order to secure the continuity of the preread data
blocks, it is necessary to form a cache entry, which is entry
information into the cache memory, for each preread data block,
and enter the cache entry into the cache list, resulting in a
detriment to efficient use of the cache memory.

Furthermore, in the playback based on the shuttle dial
operation which enables forward or reverse playback at a playback
speed suited to a stop angle of a rotation dial mounted on a
remote controller of a video tape recerder in recent years, the
playback speed can be changed in stages, and it happens
frequently that the present playback speed is returned to the
previous playback speed. 1In thié case, the data required in the

playback at the previous playback speed cannot be preread by the



met hod of prereading only the data required at the present playback speed.
Further, this problemoccurs not only in the playback based on the
above-nmentioned shuttle dial operation but also in the playback based on
the jog dial operation which enables forward or reverse play acﬁEghzig
changi ng the playback speed from frame-by- franme playback to yback
according to the speed and direction for rotating the rotation dial.
Furt hernore, when a playback start position is specified or when a stil
picture at a desired position in a played video is output, the playback
direction may be frequently switched between the forward playback and the
reversechl aybaslerepdisigngnile tabodetadesqnibed shuthtepdRr&kngperati on or
jog dial operation. In this case, since the cache nenory does not hold the
dat%lgybg@mt@@eeﬁron1the cache nmenory, the data nust be reread fromthe
menory nmedium just after the switching of the playback direction,

wher eby | pRFONEFENEhDE Sedisl i ansdier's myotprerisadimg eanpictylmeck exepeet ed.  The
present invention is made to solve the above-described problens and has

for oht $hebLeek el Reptovhdd ahdiskemamalyogdeyateonwsithalsoabhethe inprove
data transfer by data prereading, even when trick play, such as reverse
g' gégé%ggk baskdrbaykaeksohsaigar bpedaoibn ﬂzﬁ&hC&hﬁﬁléE‘fthwaEbﬁﬂ ON5 2
reverse playback while changing the playbaék speed from frame-by-
frame playback to fast playback according to the speed and
direction for rotating the rotation dial.
Furthermore, when a playback start position is specified or
when a still picture at a desired position in a played video is
output, the playback direction may be frequently switched between
the forward playback and the reverse playback by using the above-
described shuttle dial operation or jog dial operation. In this
case, since the cache memory does not hold the data cutputted
from the cache memory, the data must be reread from the disk
memory medium just after the switching of the playback direction,
whereby improvement of data transfer by prereading cannot be
expected.
The present invention is made to solve the above-described
problems and has for its object to provide a disk memory device

which is able to improve data transfer by data prereading, even

when trick play, such as reverse playback or fast playback, is

carried out.

DISCLOSURE OF THE INVENTION



N

As descri bed above, according to the present invention, a disk nenory
devi ce conprises: a command history information storage neans for hol ding
hi storic information of read conmands as information for readi ng data
recorded on a disk nmenory nedium which read commands are regei V&P fangm a
host device; a continuity detectiod neans for detecting a direction along
whi ch prereading of data is to be carried out, on the basis of the read
commands stored in the command history information storage neans; a
prereadi ng area decision neans for deciding the position and size of data
to be preread on the disk nenory nmedium on the basis of the read commands
and the ded adegergest rpalia,e dtdarr detediced sy prasedordtivieditthypidetfect i on
means; a cache nenory for holding preread data;, and a prereading startup
neaa§skomem@a9iagvibe datpari s es bea pcensan Mb&t@rYsimé@huéﬁl@W t he
prereadi ng area decision neans, fromthe disk menory medium and storing
t hesggtagenmehfs €aehrod®@I®E Yhi Jber &t of f ot ohenf dot ad acenmande
continuously read out in the backward direction, i.e., in the direction

al opg iMbbeRathenaddt essadess eases, r preréadi mg ofdi dlesmernaty nedi We,
carried out, whereby continuous reading of data in the backward direction

Canwll?fcﬁaféhédcgﬂﬁlaﬁﬁs high speetvedufiber atliest adeot ¢ nga toontinypregent
invention, a disk nenory device conprises: a command history information

Stoa@%ctﬂsﬁnﬁeéﬁé bol diigge bt SAQT 4 Ci PEOE IR | HTonG wiehch corepewsi g
information for reading data recorded on a disk nmenory nmedium which read
CONFRNGSr AT £5T £6ChY €dafF L& BoROSt ol evh & Shafi £ 0Ff | ke tyedd commands
stored in the command history information storage means; a
preréading area decision means for deciding the position and size
of data to be preread on the disk memory medium, on the basis of
the read commands and the data prereading direction detected by
the continuity detection means; a cache memory for holding
preread data; and a prereading startup means for reading the data
to be preread, which is decided by the prereading area decision
means, from the disk memory medium, and storing the data in the
cache memory. Therefore, even when data are to be continuously
read out in the backward direction, i.e., in the direction along
which the address decreases, prereading of these data can be
carried out, whereby continuous reading of data in the backward
direction can be carried out at high speed.
Furthermore, according to the present invention, a disk
memory device comprises: a command history information storage
means for holding historic information of read commands as
information for reading data recorded on a disk memory medium,

which read commands are received from a host device; a continuity



)

2 8 SEP 2004 detection neans for detecting an area-to-area di stance which
is an interval of data to be preread, on the basis of the read conmands
stored in the command history information storage neans; a prereading rule
hol di ng means for hol ding prereading rules for performng pr rga@EQOmg
data; a prereading rule decision mgans for deciding a prereading ruleto
be used for prereading of data, on the basis of the read commands, the
area-to-area distance detected by the continuity detection neans, and the
prereading rules held by the prereading rule holding neans; a prereading
area deci sion neans for deciding the position and size of data to be

pr ef8at At e s koreetgoradiguan arebheobaska disthecepwbiehdiag rule
deci ded by the prereading rul e decision nmeans; a cache nenory for hol ding

prefeach+@ata] 1 thr eceadi peeskall Upn BRENBakos o€athagréae data to be
preread, which is decided by the prereading area decision neans, fromthe

di%Kmﬂ%&ﬁﬁyziﬁﬂ¥é&“ina%@e shoftiana hhetdayaihAbenbbeonasheragaomyandher eby,
prereadi ng of required data can be carried out in response to continuous

read 11 ed kclRoar Bosapagapebyehacayedunts eqoal
e gﬁ%ﬁ?gaﬁﬁgf 1083 gaheameWhisCRoal Bo FapekYe edudés

inte efore, even when data | ocated separately at equal intervals

S{gﬁg%ogﬁi%%ﬂ%%%%%%ﬁkﬁgr%%ddﬁﬁﬁv aupbedsalidnl Phaybaskisobndaéanstored on a

menory um préreadi ng of unnecessary data is avoided, whereby the

caghg FRTILN A %%e%géaEBQV%hxe Wbi bbZ@deaFebthBEaRESd1AGCOE daagal O the

présent 1nvéntion, a dis menory devi ce conprises: a comrand history

in% rg%%i%g53%0%§g%he read commands, the area-to-area distance
detected by the continuity detection.means, and the prereading
rules held by the prereading rule holding means; a prereading
area decision means for deciding the position and size of data to
be preread on the disk memory medium, on'the basis of the
prereading rule decided by the prereading rule decision means; a
cache memory for holding preread data; and a prereading startup
means for reading the data to be preread, which is decided by the
prereading area decision means, from the disk memory medium, and
storing the data into the cache memory. Thereby, prereading of
required data can be carried out in response to continuous read
commands for data éreas which are separately located at equal
intervals. Therefore, even when data located separately at equal
intervals are to be continuously read out, such as fast playback
of data stored on a disk memory medium, prereading of unnecessary
data is avoided, whereby the cache memory can be effectively
utilized.

Furthermore, according to the present invention, a disk

memory device comprises: a command history information storage



2 8 SEP 2004 7 J nmeans for holding historic informati on of read conmands as
information for reading data recorded on a disk nenory nedium which read
commands are received froma host device; a continuity det ec@i drobibati§éf or
detecting a direction along which prereading of data is to be carried out,
and an area-to-area distance which 7is an interval of data to be preread,
on the basis of the read comuands stored in the command history

i nformation storage neans; a prereading rule holding nmeans for hol ding
prereading rules for performng prereading of data; a prereading rule

deci sion nmeans' for deciding a prereading rule to be used for prereading
of glatas fon hbedbagi Bistothe iefurmani@ndsf tdwd dzamangnds exdi ng direction
and the area-to-area distance which are detected by the continuity

det eg¥bpRaPRBASfoaNde AOENPT € LAt agprdedesorhed diimk trimemomy enadidinng rul e
hol di ng nmeans; a prereadi ng area decision neans for deciding the position

and,siZe pladatamhonde prereeckiored heromlisknommaieyiesli mcartirhel thasi s of
the prereading rule decided by the prereading rule decision neans; a cache

MenBLye £ O ohOhEhNg £HF cliCBs Rt a anid-e-thirdai edimy vatiart yprevsmtsinor
reading the data to be preread, which is decided by the prereading area

deci, §i @k a MBaNSs H& OBa hedli Sl MeIm Yaretid iRttt atistgartdee wdatceh i nto the
cache nmenory. Thereby, prereading of required data can be carried out in

response i0:-LPRi1 NMPUSat £ath amadse 40! dlattthe ayRas Wi athearmeaskparatel y
| ocated at equal intervals in the

commands stored in the command history information storage means;
5f) a prereading rule holding means for holding prereading rules for
performing prereading of data; a prereading rule decision means :
for deciding a prereading rule to be used for prereading of data,
on the basis of the read commands, the data prereading direction
and the area-to-area distance which are detected by the
continuity detection means, and the prereading rules held by the
prereading rule holding means; a prereading area decision means
for deciding the position and size of data to be preread on the
disk memory medium, on the basis of the prereading rule decided
Ii) by the prereading rule decision means; a cache memory for holding
preread data; and a prereading startup means for reading the data
to be preread, which is decided by the prereading area decision
means, from the disk memory medium, and storing the data into the
cache memory. Thereby, prereading of required data can be
carried out in response to continuous read commands for data
areas which are separately located at equal intervals in the
backward direction, i.e., the direction along which the address

decreases. Therefore, even when data located separately at equal



backward direction, i.e., the direction along which the address decreases.
Therefore, even when data | ocated separately at equal 2 6 SEP 2004 8
intervals in the backward direction are to be continuously reQQB QER, 20fdch
as fast-reverse playback of data stored on a disk nenory nedium
prereadi ng of unnecessary data is a¥%oi ded, whereby the cache nenory can be
utilized effectively. Furthernore, according to the present invention, in
the above-described di sk nenory device, the prereading rule holding neans
holds a plurality of prereading rules; and when there are a prereading
rul e decided by the prereading rule decision neans and a prereading rule
whi £t dasa beetn etipd dyackwanrk diateettyl drefaoree tohbe decitdediowsdieadiady rul e
and, further, the prereading directions of these prereading rules are the
sangut j heudi e € ath $ig- v wer s« qrli it neean sadecistes echerpesidiisdn and si ze of
data to be preread on the disk nenory nedi um by enpl oying both of the

Pr en&AsH N andd @8, |pirensdditgg i unfheafsary, davenishavdildeddatdne nebayback
speed is switched fromthe current playback speed to the just-previous

pl ayhack sheathnd Bf W dre healatta lHaee alffeadyiveeen preread at the
just-previous playback speed, whereby the required data can be transferred

to the hegtrdevneee hbedtdihg BECERSI pyes@ht rpieadidgn} hendaha fromthe
di sk nmenory nedium after the playback speed has been switched to the

J USE 5 RFEVA S SREE i T i@ D R v 12@G Ok BlieN g re@ e hBg npr @%@kt hiolwdmig on, the
above- described di sk nenory device further conprises: a cache nenory
means holds a plurality of prereading rules; and when there are a
prereading rule decided by the prereading rule decision means and
a prereading rule which has been employed immediately before the
decided prereading rule and, further, the prereading directions

of these prereading rules are the same, the prereading area
decision means decides the position and size of data to be
preread on the disk memory medium by employing'both of the
prereading rules in combination. Therefore, even when the data
playback speed is switched from the current playback speed to the
just-previous playback speed, required data have already been
preread at the just-previous playback speed, whereby the required
data can be transferred to the host device without the necessity
of rereading the data from the disk memory medium, after the
playback speed has been switched to the just-previous speed.
Furthermore, according to the present invention,‘the above-
described disk memory device further comprises: a cache memory
pointer holding means for holding an under-transfer address

indicating the position, on the cache memory, of data which 1is

currently being transferred to the host device, and a next



.f)

poi nter hol ding neans for holding an under-transfer address indicating the
position, on the cache nenory, of data which is «currently being
transferred to the host device, and a next 2 - SEP 2004 9 prﬁéﬁggyg%kg
storage start address indicating the position on the cache #et fe
next preread data is to be stored; @and a prereading startup judgenent
means for judgi ng whether or not prereading of data is to be perforned to
| eave at | east several blocks of data which have al ready been transferred
to the host device, on the cache nenory, by enploying the under-transfer
address and the next preread data storage start address which are held by
t hep E@EdEd NP4 Vs ot afer s et i axip meesen S ndilvertefagr eheevpers i titeen adattdepl ayback
is carried out while frequently switching the playback direction between

t hec 4 @i yvahshnéi v ectid 0 eardr tiee ek whrtd idi rec bieos,tdrieel ;datral whi ch have
al ready been transferred to the host device just before the sw tching of

t hep i @y aclg déﬁ@@ﬁﬁ;ﬁ)f‘fl(ud(?aé}nélﬁ: sieaired fior thelgdaghermheieyy oat nidte poi nt  of
ti me when the playbac Irection is switched, whereby the

al readysddansf of retka dad acd usd deefranelche osWebti 2@ Afedsite splvaydadck
di rection, ich data are required for the playback i mediately after the

SV“]#%EM Of dde Rirydradke Wi racid LR, rean Reahkarshed ed thet M@sthost device
wi t hout the necessity of rereading the data fromthe disk nenory nedi um

F!”cfglﬁfé@,f €on AGROT i1 Lerkdi8;, PIRS @itip Lo Rt kAR, unlielrhe raalz@ee descri bed

di sk menory device, data in plural preréading
address and the next preread data storage start address which are
held by the cache memory pointer holding means. Therefore, even
when data playback is carried out while frequently switching the
playback direction between the forward direction and the backward
direction, the déta which have already been transferred to the
host device just before the switching of the playback direction
can be stored in the cache memory at the point of time when the
playback direction is switched, whereby the already-transferred

- data just before the switching of the playback direction, which
data are required for the playback immediately after the
switching of the playback direction, can be transferred to the
host device without the necessity of rereading the data from the
disk memory medium.

Furthermore, according to the present invention, in the
above-described disk memory device, data in plural prereading
areas which have been successively read out in the backward
direction are stored in a backward-direction area in an address

space on the cache memory so that the continuity of the data is

maintained. Therefore, the data in the plural prereading areas,



areas whi ch have been successively read out in the backward direction are
stored in a backward-direction area in an address space on the cache
menory so that the continuity of the data is nmintained. Therefqre, the
data in the plural prereading areas, 2 8 SEP 2004 10 which hZL@ %EBnﬂm4
successively read out in the backwatfl direction, are arranged in the cache
menory by conti nuous addressing, whereby the data stored in the cache
menory can be managed easily. Further, when the data in the prereading
areas existing on the cache nmenory are returned to the host device, the
data in the prereading areas existing on the cache nenory can be extracted
Wi t hawtctbeiane diestri pdcsised viedgmrelad datainnthhebpekward 6rr8ELti8R: BRI EF
DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagramillustrating an
examyee framgerbnist riet icachef remdiryk byerongideoieeadde6rdiing -to a first
enbodi ment of the present invention. Figure 2 is a flowhart illustrating
an exaAdls; afhed ddtindaneridali nprbeesacht tkemodiskaneher pavegedecasedivdi ng to
the first enbodi nent of the present invention. Figure 3 is a flowhart
i |1 ystitMe Mg were@mldatel ia theepeatieagipgoaesssbyxiheidgsknnehery device
according to the first enbodi nent of the present invention. Figure 4 is a
fl owghaye ndrldist ratd Retarnexanpl ehef hastcdatiinejt fhdetletti 6n phecess by the
di sk nenory devi ce according

prereading areas existing on the cache memory can be extracted

without being distinguished from the data in the forward

direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating an example of a
construction of a disk memory device according to a first
embodiment of the present invention.

Figure 2 is a flowchart illustrating an example of a
fundamental process of the disk memory device according to the
first embodiment of the present invention.

Figure 3 is a flowchart illustrating an example of a
prereading process by the disk memory device according to the
first embodiment of the present invention.

Figure 4 is a flowchart illustrating an example of a
continuity detection process by the disk memory device according
to the first embodiment of the present invention.

Figure 5 is a diagram illustrating an example of a data
structure in a read command record table.

Figure 6 is a flowchart illustrating an example of a



to the first enbodi nent of the present invention. Figure 5 is a diagram
illustrating an exanple of a data structure in a read command record
table. Figure 6 is a flowhart illustrating an exanple of a 2~8aSEfP 264
11 prereadi ng area decision process by the disk nmenory device™ according to
the first enbodi ment of the presentilinvention. Figure 7 is a diagram
illustrating an exanple of an access area information stored in an access
area information storage wunit. Figure 8 is a diagramillustrating an
exanple of a data structure in a cache nmenory. Figure 9 is a diagram
illustrating exanples of cache list and cache entries. Figure 10 is a

di agrereadingt aadd ngesiaten tpansidd dy dfhe cdchie memoriyesieviiogure 11 is a
bl ock diagramillustrating an exanple of a construction of a disk nmenory
devi&€o PETRg dE B0LHhE B Sac anboddnteadi remttinf prieseprtedantenitivent i on. Fi gure
12 is a flowhart illustrating an exanple of a prereading process by the

di sk memghydevirca saecandyremt 011 hetraecngdasnbodinpkat oof at hecpessent
invention. Figure 13 is a flowhart illustrating an exanple of a

CONd i Wi 1Y SEESEL b0 U RGESH R e ol e rRanf odfeitdenactotrdigeg to the
second enbodi nent of the present invention.

unit.

Figure 8 is a diagram illustrating an example of a data
structure in a cache memory.

Figure 9 is a diagram illustrating examples of cache list
and cache entries.

Figure 10 is a diagram illustrating state transition of
cache entries.

Figure 11 is a block diagram illustrating an example of a
construction of a disk memory device according to a second
embodiment of the present invention.

Figure 12 is a flowchart illustrating an example of a
prereading process by the disk memory device according to the
second embodiment of the present invention.

Figure 13 is a flowchart illustrating an example of a

continuity detection process by the disk memory device according
to the second embodiment of the present invention.

Figure 14 is a diagram illustrating an example of a data
structure in a read command record table.

Figure 15 is a flowchart illustrating an example of a
prereading rule decision process by the disk memory device

according to the second embodiment of the present invention.



Figure 14 is a diagramillustrating an exanple of a data structure in a
read command record table. Figure 15 is a flowhart illustrating an exanple
of a prereading rule decision process by the disk nenory device g or di.ng
to the second enbodi nent of the present invention. 2 8 SEP 2004 82 é gﬂMﬁ
16 is a diagramillustrating an example of a data structure in a
prereading rule table. Figure 17 is a flowhart illustrating an exanpl e of
a prereading rule pointer updation process by the disk nenory device
according to the second enbodi ment of the present invention. Figure 18 is
a flowhart illustrating an exanple of a previous rule application

j udgenmentrippaeess B thelidigderMamig t rdevnge adCeqbfibng b@ thaasacond
enbodi ment of the present invention. Figure 19 is a flowhart illustrating

an exaAPterof i a PhLs LaLh 18y aFEPe degibsd On process by the di sk nmenory device
according to the second enbodi nent of the present invention. Figure 20 is a

bl ock di ggr@Rd l1hustsr at if!lguw%'ﬂa@ta@'l%s@ﬁ:a@ingoaﬁt eugipor ef a disk nenory
device according to a third enbodi nent of the present invention. Figure 21

irr: r%éﬂ@ym trddd Ysdratd %5 EXHM 2o s A byP L 30 minR8ss by the di sk

y device according to the third enbodi nent of the present invention.
device according to the second embodiment of the present

invention.

Figure 18 is a flowchart illustrating an example of a
previous rule application judgement process by the disk memory
device according to the second embodiment of the present
invention.

Figure 19 is a flowchart illustrating an example of a
prereading area decision process by the disk memory device
according to the second embodiment of the present invention.

Figure 20 is a block diagram illustrating an example of a
construction of a disk memory device according to a third
embodiment of the present invention.

Figure 21 is a flowchart illustrating an example of a
prereading process by the disk memory device according to the
third embodiment of the present invention.

Figure 22 is a flowchart illustrating an example of a
prereading startup judgement process by the disk memory device
according tb the third embodiment of the present invention.

Figure 23 is a diagram illustrating an example of a data
structure in a cache memory pointer storage unit.

Figure 24 is a diagram illustrating a data structure in a



Figure 22 is a flowhart illustrating an exanple of a prereading startup
j udgenent process by the disk nenory device according to the third

enbodi nent of the present invention. Figure 23 is a diagran1i?l§séggt' an
exanple of a data structure in a cache nenory pointer storag nt't. hﬂgure
24 is a diagramillustrating a data3structure in a 2 8 SEP 2004 13 cache
menory. BEST MODE TO EXECUTE THE | NVENTI ON Enbodi nent 1. Hereinafter, a

di sk nmenory device according to a first enbodi nent of the present
invention will be described with reference to figures 1 to 10. Figure 1 is
an exanple of a block diagramillustrating the construction of a disk
mer@dchedendneeryaccording to the first enbodi ment of the present invention.
In the figure, a host device 1 outputs a read conmand for reading data
recorded in a disk nenory nedium to the disk nenory device. Further, the
di sk menory device according to the first enbodi ment of the present

i NEYT MO MY e aHE IINYEWTION2, a cache hit judgenent unit 3, a

continuity detection unit 4, a read command history table 5 as a command
hi Siodimd@ mation storage nmeans, a prereading area decision unit 6, a
prereading startup unit 7, a disk transfer unit 8, a head structure 9, a
Hereinafter, a disk memory device according to a first
embodiment of the present invention will be described with
reference to figures 1 to 10.
Figure 1 is an example of a block diagram illustrating the
construction of a disk memory device according to the first
embodiment of the present invention. In the figure, a host
device 1 outputs a read command for reading data recorded in a
disk memory medium, to the disk memory device.
Further, the disk memory device according to the first
embodiment of the present invention comprises a host I/f unit 2,
a cache hit judgement unit 3, a continuity detection unit 4, a
read command history table 5 as a command history information
storage means, a prereading area decision unit 6, a prereading
startup unit 7, a disk transfer unit 8, a head structure 9, a
cache memory 10, a host transfer unit 11, a cache list 12, and an
access area information storage unit 13.
The cache hit judgement unit 3 performs inspection as to
whether data corresponding to the read command, which is received
from the host device 1 through the host I/F 2, exists on the
cache memory 10 or not.

The continuity detection unit 4 calculates an access



cache nmenory 10, a host transfer unit 11, a cache list 12, and an access
area information storage unit 13. The cache hit judgenent unit 3 perforns
i nspection as to whether data corresponding to the read co nd, ﬁhich is
received fromthe host device 1 through the host I/F 2, ex?5?§ %ﬁ t 2084
cache nenory 10 or not. The continui4y detection unit 4 calculates an
access 2 8 S E P 2004 14 direction along which data prereading is to be
carried out, by enploying the history of read commands stored in the read
command history table 5 which is a conmand history information storage
means. The read command history table 5 as a command history information
st OgagecHr8ASa hohgswhbeh hitstorpretedaimptiontofbd hearrisst @ommdnis
transmtted fromthe host device 1. The prereadi ng area decision unit 6
deciggsob g Pesé thostary osi zeadfcommiaids asearan drhecitd stearkrmmmmareti um
where prereading is to be carried out, on the basis of the read comuand,

thensesyby tob1&he Gelertiona byorfiend o 4 sy Vi rofd et tiion uridralye and t he
access area information stored in the access area information storage unit
13. ndhesprereading startup unit 7 instructs the disk transfer unit 8 to
read out data in the. data area to be preread, which i's decided by the

prereadi Rg Anea AeChdl Wlisk @y fthaeTet Be adi sk coantyhiedouy and store
the read data in the cache nenory 10. _

information storage means holds the historic information of the

read commands transmitted from the host Aevice 1.

The prereading area decision unit 6 decides the position and
size of a data area on the disk memory medium where prereading is
to be carried out, on the basis of the read command, the result
of the detection by the continuity detection unit 4, and the
access area information stored in the access area information
storage unit 13.

The prereading startup unit 7 instructs the disk transfer
unit 8 to read out data in the data area to be preread, which is
decided by the prereading area decision unit 6, from the disk
memory medium, and store the read data in the cache memory 10.

The disk transfer unit 8 outputs the data read from the disk
memory medium through the head structure 9, to the cache memory
10.

The cache memory 10 holds the preread data.

The host transfer unit 11 transfers the data read from the

disk memory medium 11, to the host device 1 through the host I/F

unit 2.

The cache list 12 holds the list of the data stored in the



The disk transfer unit 8 outputs the data read fromthe disk nenory medi um
t hrough the head structure 9, to the cache nenory 10. The cafﬁe@ggnzﬁﬂ?@ 10
hol ds the preread data. The host transfer unit 11 transfers e“dat ead
fromthe disk nenory nedium 11, to the host device 1 through the host 1/F
unit 2. The cache list 12 holds they4ist of the data stored in the 2 3 SEP
2004 15 cache nenory 10. The access area information storage unit 13 hol ds
information relating to the access area on the disk nmenory medi um  which
was accessed at the previous prereadi ng. Next, the fundanmental operation of
the di sk nenory device according to the first enbodi nent of the present

| NVeRkhaN nardry Re.described with reference to a flowchart shown in figure
2. On receipt of a read cormand fromthe host device 1 through the host

I/ F unit fnethecca8herdt tid tslaeienin Widrayseaariahass e dscache list 12 to
check whether the requested data exists on the cache nenory 10 or not, as

theifﬁ%BQﬁﬁS&bﬁ' Rraeess eb the headiBgarencsat tne (ssRPméidry hedi thpe
requeste ata exists on the cache nenory 10, the host transfer unit 11

tra&ﬁ&éhs the dakasen EbetﬁéceﬁeG?SﬁﬁyPégreéﬁiﬂggh the host I/F unit 2 to
t he host device 1 (step S3). en the requested data does not exist on the
cache MEeNPLYe, the fundamental operation of the disk memory device
according to the first embodiment of the present invention will
be described with reference to a flowchart shown in figure 2.
On receipt of a read command from the host device 1 through
the host I/F unit 2, the cache hit judgement unit 3 searches the
cache list 12 to check whether the requested data exists on the
cache memory 10 or not, as the fundamental process of the reading
operation (step S1).
When the‘requested data exists on the cache memory 10, the
host transfer unit 11 transfers the data on the cache memory 10
through the host I/F unit 2 to the host device 1 (step S3).
When the requested data does not exist on the cache memory
10, the disk transfer unit 8 is instructed to read the requested
data from the disk 11 through the head structure 9 onto the cache
memory 10 (step S2), and simultaneously, the host transfer unit
11 transfers the requested data through the host I/F unit 2 to
the host device 1 {step S3).
Next, ﬁhe data prereading process to be performed

simultaneously with the above-mentioned fundamental process by

the disk memory device will be described with reference to figure

3.



10, the disk transfer unit 8 is instructed to read the requested data from
the disk 11 through the head structure 9 onto the cache nenory 10 (step
S2), and sinultaneously, the host transfer unit 11 transfers 4 he fqY, ed
data through the host I/F unit 2 to the host device 1 (step é%f ﬁgxt, he
data prereadi ng process to be perfpgned sinultaneously with the

above- mentioned fundamental process by the disk nmenory device will be
described with reference to figure 3. 2 6 SEP 2004 16 Wil e executing the
fundamental process which has been described enploying the flowchart shown
in figure 2, the continuity detection unit 4, which has received the read

conmand yhk @ thecheshgdent ceuddademugh ghecdwstwlidh und Beemd the cache
hit judgenent unit 3, perfornms a continuity detection process for

cal g at;i dineqt bRenuakuenbidi ¢at knguaa agcers direction, on
théﬁ%25|§ﬂ%% t eQﬁggﬁﬂion of the data area whic was requested by the |ast

re%ﬁnﬁ%ﬂﬁﬁﬂﬂtEﬂﬂkc&io&t%ﬁgq N LRecheads ceRERHEdNtREOE¥aliaBbemands a
I'story i nform

conmman tion sforage neans, and the position of the data

ar 63, i Gfy ih%sftegalé%ifc%d 1bxhxbhghp£ﬁ§6355ﬁe@stiamrand tshephS4rachext, the

preéreadi ng area decision unit pertforns a prereading area decision

pr%&%s%ﬁf en%&&%%hﬂ% khe QgﬁbEhgnaaegn $hascPf gardatacar gaoedskheodi sk
Menory “redi-um where prérga ingIs to Be cartried out, on the basis of the
PO\ 21 4 q%gsgﬁea%ke%gedirection value indicating an access
direction, on the basis of the position of the data area which
was requested by the last read command that is stored in the read
command history table 5 as a command history information storage
means, and the position of the data area which is requested by
the present read command (step S54).
Next, the prereading area decision unit & performs a
prereading area decision process for deciding the position and
size of a data area on the disk memory medium where prereading is
to be carried out, on the basis of the position and size of the
data area which is requested by the present read command, and the
access direction value détected by the continuity detection unit
4 (step S5).
Next, the prereading startup unit 7 searches the cache list
12 to check whether data in the prereading area decided by the
prereading area decision unit 6 exists on the cache memory 10 or
not ({step S6).
When the data in the prereading area decided by the

prereading area decision unit 6 does not exist on the cache

memory 10, the prereading startup unit 7 instructs the disk



data area which is requested by the present read command, and the access
direction value detected by the continuity detection unit 4 (step SbH).
Next, the prereading startup unit 7 searches the cache list 124t 5§ﬂ£%h04
whether data in the prereading area decided by the prereading %ﬁga '
decision unit 6 exists on the cacheymenory 10 or not (step S6). Wen the
data in the prereading area decided by the prereading area decision unit 6
does not exist on the cache nenory 10, the prereading startup unit 7
instructs the disk 2 8 SEP 2004 17 transfer unit 8 to read the data in the
prereadi ng area decided by the prereading area decision unit 6, thereby

perLoLRkRgr QReEeadiBUrehddaha (5tepiSTine AbteFecddinprereadiagidéddata, the
prereadi ng startup unit 7 perfornms a process of updating the cache list 12

whi g shaws  Lheadehgi hse8f abbes dah augit s§j Nehérebfepe £osheingmory 10 (ste
88).9Cn tﬁ%?othgr hgnd,emhen t%e data in {he prer%g%?ng arégg degided(by P

theg?é?éﬁ&?é Jo2r gacdeckebpnsyni t Arexi-StReOpréheadeagherngaery the the
data prereadrng Erocess I's ended. The above-nenti oned data prereading

pro i 8o sEREL ) ERni Of 7 458t £ A 8. Bp £5&24l NGE Alsda Bl thige f Ol | owi n
ste%gé%%?gﬁggsg ?E %8??1?5 ?gpeatecsu%5¢l a HEM/CO&ﬁ%%d fromthe host )

devigend 151! £5CLNLOn LRGKEO O CERH D101 NPTl aUGs Pl ndlata. cst ep

cd
S9) . e contirnuity detection process by the continuity
cache memory 10 (step S58). |

On the other hand, when the data in the prereading area
decided by the prereading area decision unit 6 exists on the
cache memory 10, the data prereading process is ended.

The above-mentioned data prereading process, i.e., the step
of deciding a prereading area and the following steps (steps s5
to S8), is repeated until a new command from the host device 1 is
received, thereby proceeding the prereading of data (step S59).

Next, the continuity detection process by the continuity
detection unit 4 in step S4 shown in figure 3 will be described
with reference to figures 4 and 5.

Figure 4 is a flowchart for explaining the operation of the
continuity detection unit 4 of the disk memory device according
to the first embodiment of the present inventioﬁ, and figure 5
shows examples of read commands stored in tﬁe read command
history table 5.

Initially, the continuity detection unit 4 performs updation
of the read command history table 5. This updatidn is carried
out as follows. In figure 5, a last read area head sector No. A

is set at a last-but-one read area head sector No. C, a last read



detection unit 4 in step S4 shown in figure 3 will be described wth

reference to figures 4 and 5. Figure 4 is a flowhart for expl&iggga;ggﬁg
operation of the continuity detection unit 4 of the di sk nenoky

according to the first enbodi nent of the present invention, and figure 5
shows exanples of read conmands starged in the read conmand history table 5.
Initially, the continuity detection unit 4 perfornms updation of the read
command history table 5. This updation is carried out as follows. In
figure 5, a last read area head sector No. A is set at a |ast-but-one read
area head sector No. C, a last read 2 8 SEP 2094 18 area size Bis set at a
| asirbut sope pead seeaasSi Zeldyt-bpt-esentreddartar en fedy) seqhmrsedd. G is
set at the last read area head sector No. A a present read area size His

setr@idtiechapbaesdct & afo sigei B, sér hendisedtayt Neadfarked éathdr ea
corresponding to the read command received fromthe host device 1 is set

at f{heroPresens, r gagrad e heswh seedHrsiNe G i rrkad A amhesilza&st easadespondi ng
to the read conmand received fromthe host device 1 is set at the pr esent

reagh & eai 5& 28, Hy KOS s duEseNio ACSLSS relid eald:0Rotdleipdndingalo at a | ast
access direction value E, whereby the read comand history table updation

pfoﬁ?ésréé% SORRARY fk &St AR Fdm ﬂﬂ%thoéﬂﬁ%eqﬁ@é nuiitsy <@at et iteie unit 4
conpares the present read area head sector . Gwhich is received from
tf“b£5§gnt read area head sector No.G, a read area size

corresponding to the read command received from the host device 1

is set at the present read area size H, and a present access

direction value I is set at a last access direction value E,

whereby the read command history table updation process is

completed (step S11).

Next, the continuity detection unit 4 compares the present

read area head sector No. G which is received from the host

device 1 with the last read area head sector No. A which is

updated in step S46 (step S12), thereby calculating an access

direction. At this time, the access direction is indicated by

binary digits, and “1” is set as the present access direction

value I shown in figure 5 when the access direction is the

forward direction while “0” is set as the value I when the access

direction is the backward direction (step S13 or step S14),

whereby the continuity detection process is completed.

Next, the prereading area decision unit 6 decides a
prereading area sector No. which indicates a position on the disk

memory medium where prereading is to be started, and a prereading

area size which is the size of data to be preread, on the basis



device | with the last read area head sector No. A which is wupdated in
step S46 (step S12), thereby calculating an access direction. At this
time, the access direction is indicated by binary digits, and %;Eﬁ”séﬁgi
as the present access direction value | shown in figure 5 mhe% 1 a S
direction is the forward directiomowhile "0" is set as the value | when
the access direction is the backward direction (step S13 or step Sl14),
whereby the continuity detection process is conpleted. Next, the prereading
area decision unit 6 decides a prereading area sector No. which indicates
a position on the disk nenory medi um where prereading is to be started,

andty A HLMSAE e PIRR Sl NI ek omM@osi a@dothdapaetenbe rpaer ead, on the
basis 2 6 SE P 2004 19 of the present read area head sector No. and the

presel 4ieach SiZerdictal oy eavephedeht trhadpeesaahd; eaddcengand, and the
access direction value detected by the continuity detection unit 4.

Herglnafd f; rd e dif F L3l neveraddes $hen cphesass thydebectipheneaadi ng area
decision unit 6 in step S5 shown infigure 3 will be described with

refgrence to figures 6 and 7. Figure 6 is a flowhart for explaining the
operation of the prereading area decision unit 6 of the disk nenory device

accor di ngelg; LgcLL! Strenpod O8dagl ciile MESEIn IPHAsIOLy Ak i gure 7
is a diagramillTustrating an exanple of access area infornation stored in
t'“%f@%&%ﬁiﬂﬁ“ﬁ%éé“&yaﬁﬁﬂd%“uﬁkef%gﬁnugkhpl§5 shown in figure 3 will

be described with reference to figures 6 and 7.

Figure 6 is a flowchart for explaining the operation of the
prereading area decision unit 6 of the disk memory device
according to the first embodiment of the present invention, and
figure 7 is a diagram illustrating an example of access area
information stored in the access area information storage unit 13.
In figure 7, the access area information is composed of an access
area head sector No. Q which is the head sector No. of a data
area on the disk memory medium where the last prereading has been
performed, and an access area size R which is the size of data
preread by the last prereading.

In figure 6, initially, the prereading area decision unit 6
checks whether or not the prereading direction value detected by
the continuity detection unit 4 is “1” indicating a forward-
direction access (step 521).

When the preieading direction value is “1”, the access area
size R 1s added to the access area head sector No. Q to calculate
a prereading area sector No. (step S22).

When the prereading direction value is “0” indicating an.




In figure 7, the access area information is conposed of an access area
head sector No. Q which is the head sector No. of a data area on the disk
menory nedi um where the | ast prereadi ng has been perforned, @qp agpess
area size Rwhich is the size of data preread by the. last prereading. In
figure 6, initially, the prereadinggrea decision unit 6 checks whether or
not the prereading direction value detected by the continuity detection
unit 4 is "1" indicating a forward direction access (step S21). Wen the
prereading direction value is "1", the access area size Ris added to the
access area head sector No. Qto calculate a prereading area sector No.

(St BR-BR2 a-MheB thenPhereas]| Nendli g estd A Yl dbeed SsiA 4 ndd cating an. 2 8
SEP 2004 20 backward-direction access, the prereading area size Z is

subtractedrELorLLhetAECESSe 88 e df Ak St O N R 19 1Rl il Aliv® a

prereadi ng area sector No. (step S23). Wen the prereading area sector No.

i's g?%gél‘%ﬁ%ﬁg L3LEPsSR20or Ofio St BB 3933 he prereading area decision unit 6

upd access area head sector No. Q stored in the access information

tora i ; i t or i j d thi
S ge g\fi‘;he%nd;t?léets Qﬁé&%a‘&ﬁr %(}'e@gs@!&%%rsRﬁtgiéoé. Na,1Whh §RekS (sakpukabe I's

time, an e a_cce S area S! Zf,‘ _ e present read area size

(158 SFA) STAE PERF SPARORALEF 50 AN L B el at o
access area head sector No. Q stored in the access information
storage unit 13 to the prereading area sector No; which is
calculated this time, and updates the access area size R to the
present read area size (step S524).

The prereading area décision unit 6 outputs the calculated
prereading area sector No. and the present read area size (the
prereading area size) to the prereading startup unit 7, thereby
completing the prereading area decision process (step S25).

The prereading startup unit 7 searches the cache list 12 to
check whether the data indicated by the prereading area sector No.
and the prereading area size, which are outputted from the

.1) prereading area decision unit 6, exists on the cache memory 10 or
not. When the corresponding data does not exist, the prereading
startup unit 7 instructs the ‘disk transfer unit 8 to read the
corresponding data which is recorded on the disk memory medium
and indicated by the prereading area sector No. and the
prereading area size which are outputted from the prereading area
decision unit 6, thereby performing prereading of data. Further,
after the prereading of data, the prereading startup unit 7

performs updation of the cache list 12 to complete the data



prereading area size) to the prereading startup unit 7, thereby conpleting
the prereadi ng area deci sion process (step S25). The prereading startup
unit 7 searches the cache list 12 to check whether the dataiaﬁ(ﬁgﬁt ed by
the prereading area sector No. and the prereading area size, f 4004
outputted fromthe prereading areajdecision unit 6, exists on the cache
menory 10 or not. Wen the correspondi ng data does not exist, the
prereading startup unit 7 instructs. the 'disk transfer unit 8 to read the
correspondi ng data which is recorded on the disk nenory nedium and

i ndi cated by the prereading area sector No. and the prereading area size
whi-gh 81 1Y RiEdedkdrom the prereading area decision unit 6, thereby
perform ng prereadi ng of data. Further, after the prereading of data, the
pr er eadi r Ny o} ' cheidist dideto
conpleteaghgh%a%gﬂgg8héﬁé'ZggiﬁZﬁﬂgrg?%ﬁ%%éé?%é%%ggggﬁcﬁg%%%§other hand,

wh eshandi i t r.areadirg r unit 7 perforns
prg é%%%d%%# Jggggﬂ%? ?%I%B§ms B%er@aﬁggﬁwﬁ?cﬂéﬁgshgggn accessed by

readi ng next . is way, "the ar

the i’mf i?ﬁﬁgyw%ec@ﬂé”&é&aﬂhf&mﬁé‘é’ B SIS p ghecfead command
y table as

hi st or & command history 1 nformation storage neans is conpared
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compared with the area which is requested by the present read

5i) command, thereby deciding the direction along which prereading of
data is to be carried out. Therefore, even when data are to be
continuously read in the backward direction, i.e., the direction
along'which the address decreases, pre;eading of these data can
be carried out, whereby continuous reading of the data in the
backward direction can be carried out at high speed.

Next, a method for storing the data read from the disk
memory medium into the cache memory 10 by the disk memory device
according to the first embodiment of the present invention will
'i) be described with reference to figures 8 to 10.

Figure 8 is a diagram illustrating the storage states of the
cache memory 10 in the case where data are stored employing'the
conventional storage method and the storagé method of the present
invention, respectively. As shown in figure 8, in the method of
reading the data in the prereading area from the disk memoxry
medium and storing the read data into the cache memory 10, when
the backward-direction preread data are stored in the cache

memory employing the conventional data storage method, the



al ong which the address decreases, prereading of these data can be carried
out, whereby continuous reading of the data in the backward @ BebEPoRIMan
be carried out at high speed. Next, a nethod for storing the data read from
the disk nenory nediuminto the cache nenory 10 by the di sk nenory device
according to the first enbodi nent ¢h the present invention will be
described with reference to figures 8 to 10. Figure 8 is a diagram
illustrating the storage states of the cache nmenory 10 in the case where
data are stored enploying the conventional storage nethod and the storage
met hod of the present invention, respectively. As shown in figure 8, in

t he, L0t -0l r £ SABA Gt LRI tah thhe ppr, engadiafg @uedrkr om the di sk menory

medi um and storing the read data into the cache nenory 10, when the

backyard:-di [ r6ad Led it iy nenpl oyi ng
t he coé%gﬁ?ﬁgééfgggﬁggstorgggkﬁeﬁﬁgg?kghgqﬁbgtéég %%ggezggEgD( "

baghward~d H8ch giléﬁgeruﬁﬁ%hd%% R‘Lg{gl?g, F?ﬁregﬁgig}érgggeswccessi vel y stored

after the forwar ection cache t irection along which the
backvir Lt FAEFI BAeChr creaR PR DT ed Ty PR e e 1
LR H860% ter By GRLednEinar t 1261 4030h DRCuFES TPATE arSCOREPROLEY wi i1
CCCHERINDA o 3% g SET L1 BLYF LD 2ot QAL ke oot n
whereby discontinuity of data occurs. This discontinuity will -
occur among all areas. In order to solve this problem, in the
conventional data storage method, it is necessary to form, for
every area, a cache entry shown in figure 9 which is entry
information into the cache memory, and enter the cache entries so
formed.
On the other hand, in the data storage method according to
the present invention, the data in the plural prereading areas,
which have been successively read in the backward direction, are
successively stored in the backward-direction areas in the
address space on the cache memory. That is, the backward-
direction preread data D1, D2, D3, and D4 are successively stored
before the forward-direction cache data (the direction along
which the memory address decreases).
In this case, data storage is carried out so that the

boundary between the backward-direction preread data D1 (LBA 4700
~ LBA 4799) and the backward-direction preread data D2 (LBA 4600

~ LBA 4699) becomes LBA 4700 and LBA 4699, whereby the

continuity of data between the respective areas can be maintained.



every area, a cache entry shown in figure 9 which is entry information
into the cache nenory, and enter the cache entries so forned. On the other

hand, in the data storage nethod according to the present inv?n?igppa%ﬁﬁ
data in the plural prereading areas, which have been successiVvely Fead I'n
t he backward direction, are succeg8ively stored in the backward-direction
areas in the address space on the cache nenory. That is, the backward-
direction preread data D1, D2, D3, and D4 are successively stored before
the forward-direction cache data (the direction along which the nenory
address decreases). In this case, data storage is carried out so that the

boundarer det Wwesgn drierbackvwdgdr@di neGt iter plaeceatodataibl thkBAa4Re0 - LBA
4799) and the backward-direction preread data D2 (LBA 4600 - LBA 4699)

begiyRs - BA 4400 rrneharBde469Y chasgehy bhe ycenki RUbtYLeh data between the
respective areas can be maintained. 2 8 SEP 2004 23 Therefore, as shown in

fi gungrokOhatlitl dat anst eredel Bnkhe)Ccashe tneekREY 2H8dg¢aBsbenmenaged by
changing only the head LBA (information in the cache entry) and the head

adress nddls, GaeNet"BRPhYt ABdekkak$ RO rBefESSALY Lacher Bhargew cache
entry for evéry area, in contrast to the conventional data storage

methad .o A5deseki bed abpteasti Reechbecdat@ntiohhe Rb¥haktprgpeading areas,

whi ch have“been successively read 1 n the backward
method.

As described above, since the data in the plural prereading
areas, which have been successively read in the backward
direction, are stored in the backward-direction areas in the
address space on the cache memory so that the continuity of the
data is maintained, the data in the plural prereading areas which
have successively been read in the backward direction are
arranged in the cache memory by continuous addressing, whereby
the data stored in the cache memory can Be easily managed.
Further, when the data in the prereading areas which exist on the
cache memory are returned to the host device 1, the data in the
prereading areas which exist on the cache memory without being
distinguished from the forward-direction data can be extracted.

Furthermore, as shown in figure 1, the processes of the
cache hit judgement unit 3, the continuity detection unit 4, the
prereading area decision unit 6, and the prereading startup unit
7 are performed by a CPU 101, and the read command history table
5, the cache list 12, and the access area information storage

unit 13 are arranged on a RAM 100 which is readable and writable

from the CPU 101.



direction, are stored in the backward-direction areas in the address space
on the cache nenory so that the continuity of the data is naintained, the
data in the plural prereading areas which have successively BegnSERBagyf4n

t he backward direction are arranged in the cache nenory by continuous
addressi ng, whereby the data storegyin the cache nenory can be easily
managed. Further, when the data in the prereadi ng areas which exist on the
cache nmenory are returned to the host device 1, the data in the prereading
areas which exist on the cache nmenory w thout being distinguished fromthe
forward-direction data can be extracted. Furthernore, as shown in figure 1,
the processes of the cache hit judgenent unit 3, the continuity detection
unit 4, the prereading area decision unit 6, and the prereading startup
uni g gﬁgngegtorned by a CPU 101, and the read conmand history table 5,

t he cacﬁe Ist 12, and the access area information storage unit 13 are

arr anged o0, 2, BAM 100 il it F30RRNR AN WA £ BOBIRAPY 101 2 8

SEP 2004 ment 2. Hereinafter, a disk nmenory device according to a
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reference to frgures _ Figure 11 i's a block diagramillustrating
ther§98§é§88t£§”f185résdifkt89ﬂ@fy devi ce according to the second
0 of tThe “p

enbodi men resent rnvention. In the figure, a host device 1

out puts %ﬂéﬁ%% 11 is a block diagram illustrafing the construction
of a disk memory device according to the second embodiment of the
present invention. In the figure, a host device 1 outputs a read
command which instructs the disk memory device to read data
recorded on a disk memory medium. |

Further, the disk memory device according to the second
embodiment of the present invention comprises a host I/F unit 2,
a cache hit judgement unit 3, a continuity detection unit 16, a
read command history table 5 as a command history information
storage means, a prereading rule decision unit 14, a prereading
rule table 15 as a prereading rule storage means, a prereading
area decision unit 17, a prereading startup unit 7, a disk
transfer unit 8, a cache memory 10, a host transfer unit 11, a
cache list 12, and an access area information storage unit 13.
The disk mémory device according to the second embodiment of

the present invention is different from the above-mentioned first
embodiment which enables prereading of a read command that
requests data located in the backward direction (i.e., the
direction along which the address: decreases), in that prereading

of data can be effectively performed even when the disk memory



command whi ch instructs the disk nenory device to read data recorded on a
di sk nmenory nedium Further, the disk nenory device according to the second
enbodi nent of the present invention conprises a host I/F unit 2,2 8a8£&c§w4
hit judgenent unit 3, a continuity detection unit 16, a read command
history table 5 as a command history. information storage nmeans, a
prereading rule decision unit 14, a prereading rule table 15 as a
prereadi ng rul e storage nmeans, a prereading area decision unit 17, a
prereading startup unit 7, a disk transfer unit 8, a cache nenory 10, a
host transfer unit 11, a cache list 12, and an access area information
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operations_as described for, the first. enbodinent are given the sane
ref%?%%%%pﬁhﬂ%ﬁafg?r%ﬂg Wﬁé%c??pﬁW%ﬁE?qhereof will be onmitted. The

continuity detection unit 16 calcul ates_an_acces di_rection_al ong which
Hé i uﬁ6 calcu S

pr er eadi 1o uldy; defectarn 88 ates an acces

direction along which prereading of data is to be carried out,
i“) and an interval between areas from which data are to be read, by
employing'the history of read commands stored in the read command
history table 5 as a command history information storage means.

The prereading rule decision unit 14 decides a prereading
rule to be used for prereading of data, on the basis of the read
command, the data prereading direction and the area-to-area
interval which are detected by the continuity detection unit 16,
and the prereading rules stored in the prereading rule table 15
as a prereading rule storage means.

The prereading rule table 15 as a prereading rule storage
means holds the prereading rule decided by the prereading rule
decision unit 14.

The prereading area decision unit 17 decides a position of
an area on the disk memory medium where prereading is to be
started, and a size of the area to be preread, on the basis of
the prereading rule decided by the prereading rule decision unit
14, and the access area information stored in the access area

information storage unit 13.



and an interval between areas fromwhich data are to be read, by enploying
the history of read commands stored in the read conmand history table 5 as
a command history information storage neans. The prereading rulleddBEP spif4
unit 14 decides a prereading rule to be used for prereading of data, on
the basis of the read command, thexglata prereading direction and the
area-to-area interval which are detected by the continuity detection unit
16, and the prereading rules stored in the prereading rule table 15 as a
prereadi ng rul e storage nmeans. The prereading rule table 15 as a prereading
rule storage neans holds the prereading rule deci ded by the prereading

rul e dectsé ofuatrheridal Theody ey eaditle Aiek defbsiOdevfick kécdedidgs a
position of an area on the disk nenory nedi um where prereading is-to be

st aibedheaBdca8ndi 2RbOHIHBALALEALAE e PERYF eathert dh6 Dasdentdfcal e
prereadi ng rule decided by the prereading rule decision unit 14, and the
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13. 2 8 SEf 2004 26 The fundanmental process of the disk nmenory device
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and, therefore, repeated S not necessary.

necessary.

The disk memory device according to the second embodiment of
the present invention performs a data prereading process as
follows, while executing the above-mentioned fundamental process.

Hereinafter, the data prereading process of the disk memory
device according to the second embodiment of the present
invention will be déscribed with reference to figure 12.

While performing the fundamental process described with
reference to figure 2, the continuity detection unit 16, which
has received a read command from the host device 1 through the

host I/F unit 2, performs a continuity detection process for

'_) calculating an access direction and an area-to-area interval, on

the basis of the position of the data area which has been
requested by the last read command and recorded in the read
command history table 5 as a command history information storage
means, and the position of the data area which is requested by
the present read command (step S31).

Next, the prereading rule decision unit 14 performs a
prereading rule decision process for deciding a prereading rule

to be employed for prereading of data, on the basis of the access



The di sk nenory device according to the second enbodi nent of the present
invention perfornms a data prereading process as follows, while exeguti

t he above-nentioned fundanental process. Hereinafter, the data prer 'dﬁﬁ84
process of the disk nmenory device according to the second enbodi nent of
the present invention will be desceribed with reference to figure 12. Wile
perform ng the fundanental process described with reference to figure 2,
the continuity detection unit 16, which has received a read conmand from
the host device 1 through the host I/F unit 2, perforns a continuity
detection process for calculating an access direction and an area-to-area

i Nt @f ¥odti O ahderh@shsesitd-herposidticonof Whierdaire atdauthite has been
requested by the last read command and recorded in the read comand

hi s{& Yed bl Dt PSd @t cor@ndaditstog y 4y ammtday Hrags zemeaiish angd the
position of the data area which is requested by the present read conmand
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prereadi ng rul e decision process for deciding a prereading rule to be
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direction and t ea-to-area interval which are cal culated by the

cont,i nuj tion unit 16, and the data area size which is requested
th?%ﬁﬁﬁﬁgy(sté%RSSZ). The decided prereading rule is stored in the

prereadi g r kg, Lahl 841388 BePiEEERILAD: e8I QLAYE FP@PSading

rule to be applied to prereading of data by performing a previous

{b) rule application decision process for deciding whether or not

prereading of data is to be carried out in combination with a
previous prereading rule which has been employed before the
prereading rule to be employed according to the present read
command, and perforﬁs a prereading area decision process for
deciding the position and size of a data area on the disk memory
medium where prereading is to be carried out, on the basis of the
decided prereading rule (step S33).

Next, the prereading startup unit 7 searches the cache 1list
:Z) 12 to check whether the data in the prereading area decided by
the prereading area decision unit 17 éxists on the cache memory
10 or not (step S34).

When the data in the prereading area decided by the
prereading area decision unit 17 does not exist on the cache
memory 10, the prereading startup unit 7 instructs the disk
transfer unit 8 to read the data in the prereading area decided
by the prereading area decision unit 17, thereby performing

prereading of data (step S35). Further, after the prereading of



The prereading area decision unit 17 decides a prereading rule to be
applied to prereading of data by performng a previous rule application
deci si on process for deciding whether or not prereadi ng of agtg $§P;ﬂ@£e
carried out in conmbination with a previous prereading rule i ch ha en
enpl oyed before the prereading rulegto be enployed according to the
present read conmand, and perforns a prereadi ng area decision process for
deciding the position and size of a data area on the disk nenory rmnedium
where prereading is to be carried out, on the basis of the decided
prereading rule (step S33). Next, the prereading startup unit 7 searches

t hegeaahethesbretdati@ngheekrwhpt hei t t hepdatarmd bz i & eatlitige ar ea deci ded
by the prereading area decision unit 17 exists on the cache nenory 10 or

not cshep1S834) 12WigRibRe: Hat 8hé Nt bgi Ds e eaeh d o2 £3s s dleth yhd he
prereadi ng area decision unit 17 does not exist on the cache nenory 10,

the-prRECAEIMBIySL AN (WRedNEBeY. i NStructs the disk transfer unit 8 to read
the data in the prereading area decided by the prereading area decision

unit 17, ghangbyofelf HdHd9 wHEeeRAIRG 0t ndaha E3eeRa838Y. akunt her, after
the prereading of SEP 2004 28 data, the prereadi ng startup unit 7 perforns

PO oy Mene REOF ARt s 1, i detmida ot e it s Stored i
pre&?@ﬁé”ﬂeﬁﬁ?? 10, prereading of this data is'completed.

The prereading area decision process in step 33 and the
following processes are repeated until the disk memory device
receives a new command from the host device 1, whereby prereading
of data is proceeded (step S37).

Next, the continuity detection process by the continuity
detection unit 16 in step S$31 shown in figure 12 will be
described with reference to figures 13 and 14.

Figure 13 is a flowchart for explaining the operation of the
continuity detection unit 16 of the disk memory device according
to the second embodiment of the present invention, and figure 14
is a diagram illustrating examples of read commands stored in the
read command history table 5.

Initially, the continuity detection unit 16 performs
updation of the read command history table 5.

This updation is performed as follows. In figure 14, a
last read area head sector No. A is set at a last-but-one read
area head sector No. C, a last read area size B is set at a last-

but-one read area size D, a present read area head sector No. G

is set at the last read area head sector No. A, a present read



deci ded by the prereading area decision unit 17 exists on the cache nenory
10, prereading of this data is conpl eted. The prereadi ng area deci sion
process in step 33 and the follow ng processes are repeated u@td|SEhe0gssk
nmenory device receives a new command fromthe host device 1, whereby
prereading of data is proceeded (sktgp S37). Next, the continuity detection
process by the continuity detection unit 16 in step S31 shown in figure 12
will be described with reference to figures 13 and 14. Figure 13 is a
flomchart for explaining the operation of the continuity detection unit 16
of the disk nenory device according to the second enbodi nent of the

pre%?é‘é éfﬁ’@”ﬁifﬁsé’@%éitﬁ&e{g 8 4 den Mica0rsamd IH,ust natiing eexarphies, of

read commands stored int read command history table 5. Initially, the

conbL nyi oz 8L 661 1 00 M Jorkfl RO AdilnldAimably LReJiead gowmmnd history

tabre s ‘updation 1's pertorne ows. In figure 14, a |last read

ar e%l?h :%a(tgsts eed o Ny £y 'sseés %Fst gél}ea g{r%%tel'r%;:r:e%b@ dread hedieacead mector No.

C fead area size ut-one read area size D, a

present Nr(r)eeﬁ% aazéeecag Jiead téoercrtegpé)'}giigg Igog 6;81? f%tadt herdsly epdidesa head

sect’or . resent rea area size His set at the

e
the TR orter TS50 8 T Gt e oaP 58T R T o s 2ot S0 Fha present
reapdreasrc-zenat haecacdesssecc}iorrec%on value I is set at a last access
direction value E, and a present area-to-area interval J is set
at a last area-to-area interval F, thereby completing updation of
the read history table 5 (step 546).

Next, the continuity detection unit 16 compares the present
read area head sector No. G which is received from the host
device 1 with the lasf read area head sector No. A which is
updated in step S41 (step S42), thereby calculating an access
direction. At this time, the access direction is indicated by
binary digits, and “1” is set at the present access direction
value I shown in figure 14 as an access direction indicating
value when the access directién'is the forward direction while
“0” is set when.the access direction is the backward direction
(step 843 or step S544).

Thereafter, the continuity detection unit 16 calculates the
absolute value of a difference between the present read area head
sector No. G and the last read area head sector No. A, and sets
the absolute value as an area-to-area interﬁal at the present

area-to-area interval J (step S45), thereby completing the

continuity detection process.




G a read area size corresponding to the read command received fromthe
host device 1 is set at the present read area size H a present access

direction value | is set at a |ast access direction value E apdag t
area-to-area interval J is set at a last area-to-area interva #,Eﬁﬁgﬁﬁgy
conpl eting updation of the read higgory table 5 (step S46). Next, the
continuity detection unit 16 conpares the present read area head sector

No. G which is received fromthe host device 1 with the |ast read area head
sector No. A which is wupdated in step S41 (step S42), thereby cal cul ating
an access direction. At this tine, the access direction is indicated by

binary digiks, ené plerdsdsey Alld heedf es@itprscass W rawd ipderamliyey |
shown in figure 14 as an access direction indicating value when the access

di r eehieOReld shiBe Lpnwand dir @%F_ogsmhghswﬁoini 81§68k Wi, i Pe BECESS
direction is the backward direction (step S43 or step S44). Thereafter,

t he seqptl; Bebt ¥ 8t @ekkeBnLB £o16:i gAkEY! 8begnihes, absol ute val ue of a
di fference between the present read area head sector No. G and the |ast

read aregp Sﬁtg ANog 1 A3 SRIS o118 3RSRY) Wi RIS BDABE the

area-to-area Interv at the present area-to-area interval J (step $45),
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figure 16 is a diagram illustrating examples of prereading rules

stored in the prereading rule table.

Prereading rule entries WO to W5 constitute a group of
prereading rule entries which are stored in the prereading rule
table, and each prereading rule entry is composed of a prereading
direction value X, a prereading area-to-area interval Y, and a
prereading area size 2. Further, a prereading rule updation flag
T is a flag indicating that the prereading rule is updated, and
this flag indicates that the previous rule exists at the same
time. It is assumed that, as a binary digit, “1” is set when the
prereading rule is updated while “0"” is set when the prereading
rule is not updated. A prereading rule pointer U indicates a
prereading rule entry which is currently employed.

In the flowchart of figure 15, the prereading rule decision
unit 14 initially decides whether the read command, which has
been supplied.from the host device 1 to the disk memory device,
matches the present prereading rule or not. To be specific, the
prereading rule decision unit 14 decides whether the present

access direction value calculated in the continuity detection
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described with reference to figures 15 and 16. Figure 15 is a flowchart for
expl ai ning the operation of the prereading rule decision unit,l4 t he
di sk menory device according to the second enbodi ment of the %i%égk%ZBﬂé
invention, and figure 16 is a diagramillustrating exanpl es of prereading
rules stored in the prereading rufe table. Prereading rule entries WO to
Wb constitute a group of prereading rule entries which are stored in the
prereading rule table, and each prereading rule entry is conposed of a
prereading direction value X, a prereading area-to-area interval Y, and a
prereading area size Z. Further, a prereading rule updation flag T is a

fl %&dd&isca(tﬂerﬂﬂ hat sith@spraneading4nulp ksgupdaldyl, mandheshtief| ag
i ndicates that the previous rule exists at the sane tinme. It is assuned
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whi'l'e "0" I's set when the prereading rule is not updated. A prereading
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ecides whether the present access direction value calculated in the
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prereading area-to-area interval Y of the current prereading rule
which is pointed by the prereading rule pointer U stored in the
prereading rule table 15 (refer to figure 16) (step S52); and
whether the present read area size which is received from the
host device 1 matches the prereading area size Z of the present
prereading rule whiéh is pointed by the prereading rule pointer U
stored in the prereading rule table 15 (refer to figure 16) (step
$53) .

When all of these decisions (steps S51 to S53) are “match”,
since the present prereading rule can be applied, the present
prereading rule is applied as it is, without being changed.

Oh the other hand, based on the decisions (steps S51 to 553),
when it is decided that the presently applied rule cannot be
applied to the present read command, the last read command is
compared with the present read command to decide whether a new
prereading rule can be decided or not.

To be specific, the prereading rule decision unit 14 decides

whether the present access direction value which is calculated in

the continuity detection process (refer to steps S43 and S44 in



prereading direction X of the present prereading rule which is pointed by
the prereading rule pointer stored in the prereading rule table 15{§refer
to figure 16) (step S51); whether the present area-to-area i ntéryvatP 2004
calculated in the continuity detection process (refer to step S45 in
figure 13) matches the prereading geea-to-area interval Y of the current
prereading rule which is pointed by the prereading rule pointer U stored
inthe prereading rule table 15 (refer to figure 16) (step S52); and

whet her the present read area size which is received fromthe host device
1 matches the prereading area size Z of the present prereading rule which

s paighed 1Y the Ml eadi NG shulae RIS redt iBhoked uen Bt kiighedeadi ng rul e
table “15 (refer to flgure 16) (step S53). Wien all of these decisions

(stepg. &»%%]eh d 2 r59)e Hctd RhERnd hiisRESyt *&%b%e%er(tremeer eadiraguirel @ 49an be

applie e present prereading rule is applied as it is, wthout being

cha he 0 e+gde 0 $520S whatnt @sS53) ,
ﬁ%%%p di&ﬁﬁﬁﬁh ?%e g%%%gﬁtgi%gpgﬁl%g%?uﬁgt%annotwbe apSIled to
thecp
et

or 6 até; rae"ﬂ G %‘T%ﬂgé gtyaa%t%%%ﬁoﬁog\jfvae@slss (reeEpaied swebh sighse

n
re connan her a n prereading rule can be

deCIde% gWhéi T aQ%h%ge%h%'&as%hgrgreE%agE@g Eﬁk%rqgﬁ' § QRikAl §s14

decitle € present access direction va which is calculated in
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(step S55); and whether the present read area size which 1is
received from the host devicé 1 matches the last read area size B
which is recorded in the read cbmmand history table 5 (refer to
figure 14) (step S56).

When all of these decisions (steps S54 to §56) are “match”,
the prereading rule pointer U in the prereading rule table 15 is
updated to a new prereading rule (step S57), and the present
accéss direction is set at the prereading direction value X of
the prereading rule entry pointed by the updated prereading rule
pointer U on the prereading rule table 15 (step S58), the present
area-to-area interval is set at the prereading area-to-area
interval Y (step $59), and the present read area size is set at
the prereading area size Z (step S60), whereby the prereading
rule is updated.

When the updation of the prereading rule is completed, “1”
is set at the prereading rule updation flag T on the prereading
rule table 15 to complete the prereading rule decision process

(step S65).

On the other hand, based on the decisions (steps 854 to 856),




figure 13) matches the | ast access direction value E which is recorded in
the read conmand history table 5 (refer to figure 14) (step Sb54); whet her
the present area-to-area interval which is calculated in the Jo6t5hfi 2§p4
detection process (refer to step S45 in figure 13) matches the | ast
area-to-area interval F which is rggorded in the read command history
table 5 (refer to figure 14) (step S55); and whether the present read area
size which is received fromthe host device 1 matches the |last read area
size B which is recorded in the read conmand history table 5 (refer to
figure 14) (step S56). Wien all of these decisions (steps S54 to S56) are
"maLghn, att DeapEerRadbAgthY| @e@DENdRE 1k | Mmidien tafier cadimee ralleew abl e 15 is
updated to a new prereading rule (step S57), and the present access

di r get1 0841 8gSeh18t chRBoPIeE eashNted oot Oy el pieprefadide prereadi ng
rule entry pointed. by the updated prereading rule pointer U on the
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set at the prereading area-to-area interval Y (step S59), and the present
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the prereading rule iIs updated. en the updation of the prereading rule
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prereadi ng 5 to conplete e prereadi ng rul e decision process
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prereading rule entry which is pointed by the updated prereading

rule pointer U on the prereading rule table 15. That is, the
present access direction value (steps 543 and 544 in figure 13)
is set at the prereading directionlvalue X on the prereading rule
table 15 (step S62), “0” is set as an area-to-area interval at
the prereading area-to-area interval Y (step $63), and the
present read area size is set at the prereading area size Z (step
S64), whereby the prereading rule is updated to complete the
prereading rule decision process. In this case, updation of the
prereading rule updation flag T on the prereading rule table 15
is not carried out.

Furthermore, while the prereading rule storage unit 15 of
the disk memory device according to the second embodiment has
five prereading entries, the present invention is not restricted
thereto, and the storage unit 15 may have at least one prereading
entry.

Next, the prereading rule pointer updation processes
performed by the prereading rule decision unit 14 in steps S57

and S$61 shown in figure 15 will be described with reference to



33 when at |east one of the decisions is "msmatch", since a new
prereadi ng rul e cannot be applied, setting for prereading c%npigtggﬁlzata
fromthe present read area is perforned. To be specific, the preé¥ 0 g
rule pointer Uon the prereading rule table 15 is updated (step S61), and
setting for prereading continuous3data fromthe present read area i s nade
to the prereading rule entry which is pointed by the updated prereading
rule pointer Uon the prereading rule table 15. That is, the present
access direction value (steps S43 and S44 in figure 13) is set at the
prereading direction value X on the prereading rule table 15 (step S62),
"O"figusetlds an area-to-area interval at the prereading area-to-area
interval Y (step S63), and the present read area size is set at the

prer eadi Hj garrea 191 26 &2 fdbephasBdfprwheptbynihe pher eadlengoiokeri s updat ed
to conplete the prereading rule decision process. In this case, updation
of upuatiphergackags my echepdatd mradilrag rilen delod spioer eaditnd 4 wfe tthebl e 15 s
not carried out. Furthernore, while the prereading rule storage unit 15 of

t helidi ks knamesy Ydakemiee eacaanaliigndd aHehe esenan émpoidthamntohahe five
prereading entries, the present invention is not restricted thereto, and

t hgrels@ragei it ikn may have at | east one prereading entry. Next, the
prereadi ng rul e pointer updation processes performed by the prereading

rul e decrskopréfbhdidgi PusbepsiSbdr @p@aStdn SheyPesBeti gHr etdpsweblt be
described with reference to '
and S61 are processes for advancing, by one entry, the prereading
rule pointer which points the present prereading rule entry in
the prereading rule entry group constituted like a ring buffer,
and these processes are identical to each other.

In the prereading rule pointer updation process by the
prereading.rule decision unit 14, initiaily, the prereading rule
pointer U on the prereading rule table 15 is incremented by 1
(step S571).

Next, the prereading rule pointer U is compared with the
maximum prereading rule entry number, which is 5 in figure 16
(step 8572). When the prereading rule pointer U is larger than
the maximum prereading rule entry number, “0” is set at the
prereading rule pointer U (step S$573).

Next, the previous rule application decision process, which
is included in the prereading area decision process by the
prereading area decision unit 17 in step S$33 shown in figure 12,
will be described with reference to figures 16 and 18.

The previous rule application decision process aims to, even

when the data playback speed is changed from the present playback



2 SEP 2004 34 figure 17. Figure 17 is a flowhart for explaining the rule
poi nter wupdation process by the prereading rule decision unit 14 of the

di sk nmenory device according to the second enbodi nent of theZIbﬁE§qug4

i nvention. The prereading rule pointer updation processes in steps S57 and
S61 are processes for advancing, byspne entry, the prereading rule pointer
whi ch points the present prereading rule entry in the prereading rule
entry group constituted like a ring buffer, and these processes are
identical to each other. In the prereading rule pointer updation process by
the prereading rule decision unit 14, initially, the prereading rule

poi BpeEdUranthBejpEerpagvIcus WEajiodde dfeds, ipwrsmntect hyading sdfep S571).
Next, the prereading rule pointer Uis conpared with the maxinm -

preregdi pear abgaeaﬁryh@%m%e@mﬁéwécﬁ dpedd, 0WrR) ki  geedshy2) . Wen

the prereading rule pointer is larger than the maxi mum prereading rule

ent E¥apPebet ranQfetSoBeteqli 41 dPH £1EANMNY HYte Bt Haltep S573).
Next, the previous rule application decision process, which is included in

ther@f@é&fﬁi%gghg] g%@fféc?id%\:amﬂiﬁiﬁsth@l’ldi@c R SANE v SAFtdACItHON uni t

17 1n step In ftigure 12, w be described with reference to

[ QI EdEx 0Pedd 1 InAGH A i & ARRIIRANIAR FAEPR Rigiees ai s to,
Figure 18 is a flowchart for explaining the previous rule
application decision process by the prereading area decision unit
“') 17 of the disk memory device according to the second embodiment
of the present invention.

Initially, the prereading area decision unit 17 specifies a
prereading rule entry pointed by the prereading rule pointer U,
among the prereading rule entries WO”VWSVon the prereading rule
table 15 shown in figure 16 (step S71). The following
description will be made on assumption that the prereading rule
entry pointed by the prereading rule pointer U is WI.

Next, the prereading area decision unit 17 performs a
.1) prereading area decision process for deciding the position and
size of a data area on the disk memory medium where prereading is
to be carried out, on the basis of the prereading rule specified
in step 871, i.e., a prereading direction value Xi, a prereading
area-to-area interval Y1, and a prereading area size Z1 (step S72).

Next, the prereading area decision unit 17 decides whether
or not there is a previous prereading rule which has been
employed before the presently employed prereading rule and

whether the prereading directions of the previous and present



when the data pl ayback speed is changed fromthe present playback SEP 2004
35 speed to the just-previous playback speed, perform prereadi ng of
required data at the changed pl ayback speed, and this process eqwg)élfzszuw
transfer of required data to the host device w thout rereading

required data fromthe di sk menory amedi um after the playback speed is
changed to the just-previous playback speed. Figure 18 is a flowhart for
expl aining the previous rule application decision process by the
prereadi ng area decision unit 17 of the disk nmenory device according to

t he second enbodi nent of the present invention. Initially, the prereading

ar ea, 0861 §i 08 UBE tndt, spechfdisy ato iertassl ng: mdte “Eilt ris Feitntadd tine t he
prereading rule pointer U  anong the prereading rule entries WO-Ws on the

Pre; i Agi AY! Bul & akb&atfos hovay ioh fiiginerdfeddirep 13 tHrdd dls amicng
description will be ‘made on assunption that the prereading rule entry

poi phedh by the gf@f@ﬂm@ dit EcRANte e i VE. tNexbretrbadpngr eadeng ar ea
decision unit 17 perforns a prereading area decision process for deciding

t hee@@g,'( trgéapgeggob%i 2o Of rfr HAL Ph ANRA O dilie < IK nERmNas rRdi um wher e

prerea e carried out, on the basis of the prereading rule

spegLd) f ol / ' & Prekeadbrardbneali @nlvakderit whachrer eadi ng
ar gﬁ%%ggl?%%gi%%%a %i%agﬁj a prereadlbngrar ea gi ze Zi (sfzp S72) Next,

t he, pr %Eée&siwgdgjﬁ%t Sﬁ%&&ﬁ%ﬂ@iﬁregeacﬁcﬂéj%ﬂ@?%i@f valud®h theep is a

previous prerea i ch has been
573).

;f) When a previous rule exists and the prereading direction of
the previous rule matches that of the present rule, since
prereading of data is carried out employing the previous rule, a
prereading rule entry which is immediately before the prereading
rule entry pointed by the preréading rule'pointer U on the
prereading rule table 15 shown in figure 16 is specified (step
574) .

Next, the prereading area decision unit 17 performs a
prereading area decision process for deciding the position and
i:) size of a data area on the disk memory medium where prereading is
to be carried out, on the basis of the prereading rule specified
in step S74, i.e., the prereading direction value Xo, the
prereading area-to-area interval Yo, and the prereading area size
Zo (step S75).

Hereinafter, the prereading area decision process performed
by the prereading area decision unit 17 in steps S72 and S75

shown in figure 18 will be described with reference to figures 7,

16, and 19.



enpl oyed before the presently enpl oyed prereading rule and whether the
prereadi ng directions of the previous and present 2 8 SE P 2004 36 rul es
mat ch or not, according to whether or not "1" is set at the r Qv aa'

rule updation flag on the prereading rule table 15 and mhet%g%%¥ﬁé hﬁe
prereading direction value Xi of thg7prereading rule entry pointed by the
prereading rule pointer U matches the prereading direction value Xo of the
prereading rule entry which has recorded just before the prereading
direction value Xi (step S73). Wen a previous rule exists and the
prereading direction of the previous rule matches that of the present

rule, singequpeergagdisng efogahartsrear &ketaoningMuOyhgréaeing exions rul e,
a prereading rule entry which is imediately before the prereading rule

ent I QLG RN P &HRAG G Jadif P airkhetedigohhanipr eneadi rger ul e
table 15 shown in figure 16°is specified (step S74) Next, the prereading

ar e%&%%%ékﬁif'&ietﬁ% RRIJHIT® R t PHhBeadicBddaeRBoderkaitoB £PEARESS for
deciding the position and sizé of a data area on the di sk nmenory nedi um

where preneading di$n t Arke fGakii-eq qut <] bast thaqgpeereading rule
spe@iF%g t ?%’st§3§§74,ni.g$%%tﬁe prergagiﬁgggﬁreggﬁggisalungo, t he )

PreLg .&%.%&?%kk%k%r%@e%nﬁﬂ&§§5a¥90na@goEE8,EﬁeEﬁ§d589e§ée§r%hze Zo (step
S75)". reinafter, the prereadi ng area deci sion process perfornmed
information storage unit 13. 1In figure 7, the access area
information is composed of an access area head sector No. Q which
is a head sector No. of a data area on the disk memory medium
where the last prereadiné'has been carried out, and an access
area size R which is the size of data read by the last prereading.

In figure 19; the prereading area decision unit 17 decides a
prereading area sector No. and a prereading area size of an area
to be preread this time, on the basis of the prereading direction
value X, the prereading area-to-area interval Z, and the
prereading area size Z shown in figure 16, which are specified in
the above-described previous rule application decision process,
and the access area head sector No. Q and the access area size R
which are stored in the access area storage unit 13 shown in
figure 7.

Initially, the prereading area decision unit 17 decides
whether or not the prereading direction value X is “1” indicating
an access in the forward direction (step S$S81).

When the prereading direction value is “1”, the access area

size R and the prereading area-to-area interval Y are added to

the access area head sector No. Q, thereby calculating the



by the prereading area decision unit 17 in steps S72 and S75 shown in
figure 18 will be described with reference to figures 7, 16, 2ng 3@ A8
SE P 2004 '37 Figure 19 is a flowhart for explaining the prereading area
deci sion process by the prereading area decision unit 17 of the disk
menory devi ce according to the secafd enbodi nent of the present invention,
and figure 7 is a diagramillustrating an exanple of access area
information stored in the access area information storage unit 13. In
figure 7, the access area information is conposed of an access area head
sector No. Qwhich is a head sector No. of a data area on the di sk nenory
nmedbuarehdiagt heehastcpoer Badi hgtdmsSHzen carried out, and an access area
size Rwhich is the size of data read by the |ast prereading. In figure 19,
t he prer gadimoiey earédecicimn dinectidndewildes ia “Preededdicagiagea@nsect or No.
and a prereading area size of an area to be preread this tinme, on the
bashecebst be pheraegdatgvei teeétoion vathe pgetdrd e e Nyl 2 ea-4d ar ea
interval Z, and the prereading area size Z shown in figure 16, which are
speghéi gdetBadiRg abeuetdescea btk onsarell sumsppidtoad i romlediesi on
process, and the access area head sector No. Q and the access area size R
whi gh-a58 StoseHebd 8ELEECRSS @ ethatdlRge luRilathihe hwn prerdadineg 7.

Initially, the prereading area decision unit 17 decides whether or not the
preseadi 88-db+ egbi onsvabuesy is "1" indicating
After the prereading area sector No. is calculated (step S82
or step S83), the prereading area decision unit 17 updates the
access area head sector No. Q stored in the access information
storage unit 13 to the prereading area sector No. which is

calculated this time, and enters the prereading area size zZ at

the access area size R (step S584).

The prereading area decision unit 17 outputs the célculated
prereading area sector No. and prereading area size Z to the
prereading startup unit 7, thereby completing the prereading area
decision process (step S85).

The prereading startup unit 7 searches the cache list 12 to
check whether the data, which is indicated by the prereading area
sector No. and the prereading area size outputted from the
prereading area decision unit 17, exists on the cache memory 10
or not. When the corresponding data does not exist, the
prereading startup unit 7 instructs the disk transfer unit 8 to
read the data indicated by the prereading area sector No. and the
prereading area size which are outputted from the prereading area

decision unit 17, thereby performing prereading of data. After



an access in the forward direction (step S81). When the prereading
direction value is "1", the access area size R and the prereading

area-to-area interval Y are added to the access area head se %Pr %p. Q%
thereby calculating the 2 8 SE P 2004 38 prereadi ng area sector ﬁg. @Q@ p
S82). When the prereading directios%alue is "0" indicating an access in
the negative direction, the prereading area size Z and the prereading
area-to-area interval Y are subtracted fromthe access area head sector
No. Q thereby calculating the prereading area sector No. (step S83).
After the prereading area sector No. is calculated (step S82 or step S83),
t hetpeepeadeagiageathecpse omading dFaripaatesit e updasss theadwdss sect or
No. Q stored in the access information storage unit 13 to the prereading
ar eai seclprtdocombi €te i She cad tall Btk ddiisg tprosesnd enters the prereading
area size Z at the access area size R (step S84). The prereading area

deci si on gmithel Hthigrphlasd, hesheal thkatedreppendatigndagaeaxsector the. and
prereading area size Z to the prereading startup unit 7, thereby

COnpt&té Al f es P4 ef @adinL ar §fe r FOEIS ipHe RLUESS dBSURKtSEta.The prereadi ng
startup unit 7 searches the cache list 12 to check whether the data, which

i's indicatiedebynehetprageagicRtodr €8r 5€6-@hgNeheafdthhecprereadi fgear ea
size outputted fromthe prereading area decision unit 17, exists on the
Caches aRaidry Gnedium into the cache memory 10 by the disk memory

device according to the second embodiment of the present

invention is identical to the data storage method which has

already.been described for the first embodiment employing figures

8 to 10, repeated description is not necessary.

As described above, the area which has been accessed by the

just~previous read command stored in the read command history

table 5 as a command history information storage means is

compared with the area which is requested by the present read

command, thereby deciding the direction along which prereéding of

data is to be carried out. Therefore, even in the case where

data are to be read successively in the backward direction, i.e.,

the direction along which the address decreases, prereading of

these data can be carried out, whereby continuous reading of

these data in the backward direction ‘can be performed at high

speed. |

Further, the preréading rule is determined by detecting the
continuity of the read commands, and the position and size of a

prereading area where prereading of data is to be carried out is

determined on the basis of the prereading rule, whereby it is



S

or not. Wien the correspondi ng data does not exist, the prereading startup
unit 7 instructs the disk transfer unit 8 to read the data indicated by
the prereading area sector No. and the prereading area size which are
outputted fromthe prereading area decision unit 17, thereby pet toSkiPngggy
prereadi ng of data. After 2 6 SEP 2994 39 the prereading, the prereading
startup unit 7 updates the cache Ilist 12 to conplete the data prereading
process. On the other hand, when the correspondi ng data exists, the
prereading startup unit 7 perfornms prereading of next data. Since the
storage nethod for storing the data read fromthe disk nmenory nmediuminto

t he pRache 1Y ek din he réiask nge B ﬂatﬁey_hCQeQF@ﬁBGi g Eenthausaeond
enbodi nrent of the present invention is identical to the data storage

et hedaWRiothhads R eRdy heeRsdessrhbadel Qbphbetbiyst ceabedi gent enpl oying
figures 8 to 10, repeated description is no? necesSary. As descri bed

abovguat hengkedaWii.ch Masd1e8e , a%%%%@%%e%Yd%ﬁ% lb%%%eﬁr%%Eﬁ%ﬁtéﬁﬁdaﬁp”“and
stored in the read command hlstory table 5 as a command history

infg HQ&'QHt%&%%QQe aTRARS be OATPALSHsY tbeaﬁe 2heA MBI ghehSqhequested by

the present read connand thereby deC| ing the direction along which

pregﬁaﬁéagoﬂftﬁ@taég§ ﬁ@m@? %&iﬁﬂ QEE E§2§ eégégedegﬁnhightgge&ase wher e

data are to be rea SUCCGSS y Int Irection

dirﬁﬁﬁé@@sQBQ?QdﬁﬁhCQ Ehﬁoédﬁ£8§§aéec& %f PLET ERLL0InBhor) NESEcHRt @ can

be carried ou wher e contT nuous rea
be utilized effectively.

Furthermore, when there exist the prereading rule to be
employed at present and the prereading rule which has been
employed immediately. before the present rule and, further, the
prereading directions of these prereading rules are the same, the
position and the size of an area on the disk memory medium where
prereading of data is to be carried out are determined employing
these prereading rules in combination. Therefore, even when the
‘data playback speed is switched from the preseqt playback speed
to the just-previous playback speed, requireé data have already
been preread at the just-previous playback speed, whereby the
required data can be transferred to the host‘device without
rereading the data from the disk memory medium after the playback
speed is switched to the just-previous playback speed.

The prereading area decisicn unit 17 of the disk memory
device according to the second embodiment of the present
invention decides whether or not prereading should be carried out
employing the previous rule in combination with the present rule.

When it is decided that prereading should be carried out



t hese data in the backward direction can be perforned at high speed.
Further, the prereading rule is determ ned by detecting the continuity of
the read commands, and the position and size of a prereading area where
prereading of data is to be carried out is determ ned on the gpgisgefgmme
prereading rule, whereby it is SE R12Q0 40 possi ble to perform prereadi ng
of data in response to continuous read commands for data areas which are
separately located at equal intervals. Therefore, even when data | ocated
separately at equal intervals are to be continuously read, such as when
data stored on the disk nenory nediumare to be played at high speed,

unr@ﬁﬁ»‘%ﬁiﬁ/ datd 19dten nal1dy engadeddhienely taeacagheawenery ok@ can be

utilized effectively. Furthernore, when there exist the prereading rule to

P;%rﬁ;{%ygﬁyrgf oL 8B tle i it prereadiing rube whi-chshasdhegntoenpl oyed

efore the present rule and, further, the prereading

di ragt ions; He these R0 e prake chle r88Rewni P8 HAGShEkAN and the
size of an area on the disk nmenory nmedi um where prereading of data is to

b ' ; i : ' ; _
be Gilfid et Opfs 21fe AL TR o1} 2RI OYIraG e AT BIE! CadicRB it SN

erefore, even when t data pl ayback speed is switched from

L DRI R 130 L3 LR LIS brBEEYLOUSHR! 2HBapke288REngT Cqui red
y een preread at the just-previous playback speed,
Mh%&%QYJQyision unit 17 needs not perform the‘previous rule
application decision process, and prereading of data may be
l:“._) performed employing only the present prereading rule
corresponding to the present read command.

Further, the continuity detection unit 16 of the disk memory
device according to the second embodiment of the present
invention detects the data prereading direction and the area-to-
area interval which is an interval of data to be preread, and
prereading of data is carried out using the result of the
detection, on the basis of the prereading rule decided by the
prereading rule decision unit 14. However, the present invention
:?) is not restricted thereto. The continuity detection unit 16 may
detect only the area-to-area interval which is an interval of
data to be preread, and prereading of data may be carried out
using the result of the detection, on the basis of the preréading
rule decided by the prereading rule decision unit .14. Also in
this case, prereading of data can be efficiently carried out in
response to continuous read commands which reguire data located
separately at equal intervals.

Furthermore, as shown in figure 11, the processes of the



required data can be transferred to the host device without rereading the
data fromthe disk nenory nedium after the playback speed is swtched to
the just-previous playback speed. The prereading area decision udif St# anos
the disk nenory device according to the second enbodi nent of the present
i nvention deci des whether or not pr&%eading should be carried out
enpl oying the previous rule in conbination with the present rule. Wen it
i s decided that prereading should be carried out 2 6 SEP 2M 41 enpl oyi ng
the both rules, prereading of data is carried out enploying both of the
present prereading rule corresponding to the present read command and the
pre¢pels RitelwHueRerBsulbblend, ebipt oyert jrigtt batdrectimn piekent 6 pridi®adi ng
rul e. However, the present invention is not restricted thereto, and the
pr epeadéadinar ral ¢edd el vromnnit 71 hecke oteysadigran anfd [Hah DU rul e
application decision process, and prereading of data may be perforned
enphoit nh7 ondyd t Hee resegadiorersaali ige runigd temespomdiat aut thie $resent
read command. Further, the continuity detection unit 16 of the di sk nenory
deVviR@ Hezorabhagthe tdmd semormhdnbioliomnttaifle b phesarschd nvierit ileh det ect s
the data prereading direction and the area-to- area interval which is an
i ntehvacaodsslaeed o rbmrdriead, s tamh gepnerigadidng aofd ddtea pre mmdiingd out
using the result of the detection, on the basis of the prereading rule
deciuwled tabldel 5 prmey eadiangyadilon dedzd dro2uminti chd i sHoweadal d lendor esent
i nvention

writable from the CPU 103.

Embodiment 3.

Hereinafter, a disk memory device according to a third
embodiment of the present invention will be described with
reference to figures 20 fto 23.

Figure 20 shows an example of a block diagram illustrating
the construction of a disk memory device according to the third
embodiment of the présent invention. In the figure, a host
device 1 outputs a read command which instructs the disk memory
 ) device to read data recorded on a disk memory medium.

Further, the disk memory device according to the third
embodiment of the present invention comprises a host I/F unit 2,
a cache hit judgement unit 3, a continuity detection unit 16, a
read command history table 5 as a command history information
storage means, a prereading rule decision unit 14, a prereading
rule table 15 as a prereading rule storage means, a prereading
area decision unit 17, a prereading startup unit 7, a disk

transfer unit 8, a cache memory 10, a host transfer unit 11, a



is not restricted thereto. The continuity detection unit 16 nmay detect
only the area-to-area interval which is an interval of data ogbg:prziéad,
and prereading of data nay be carried out wusing the result of the
detection, on the basis of the prereading rule decided by the prereading
rule decision unit 14. Also in thi43 case, prereading of data can be
efficiently carried out in response to continuous read comands whi ch
require data | ocated separately at equal intervals. Furthernore, as shown
in figure 11, the processes of the 2 6 SEP 200 42 cache hit judgenment unit
3, the continuity detection unit 16, the prereading rule decision unit 14,
t hecpelee ehilbgldr eandectes onaremi tndgrmaipbn et prageadiiiyg stardup unit 7
are carried out by a CPU 103, and the read command history table 5, the
cacheche sme@ry phénberessomaga umitritht o st prgeeatiing axdmp t he
prereading rule table 15 are arranged on a RAM 102 which is readable and
wr i jaddeménonubhe CPU 103. Enbodi nent 3. Hereinafter, a disk nmenory device
according to a third enbodinment of the present invention will be described
with refrtreendei menogyr eevi@et ac2drdingute 2Aeshhisdaambrdimpertobfa bl ock
diagramillustrating the construction of a disk nmenory device according to
t hecHdhigtksemboihvemt ial idedipffsenit ifrenttien.adovd-herdfdigureel a host
device 1 outputs a read conmmand which instructs the disk nmenmory

second embodiment in that a protection area is provided to leave

at least several blocks of data, which have already transferred

to the upper device, on the cache memory. Therefore, the

constituents performing the same operations as described for the

second embodiment are given the same reference numerals, and

descriptions thereof will be omitted.

The cache memory pointer storage unit 18 holds an under-

sending address indicating the position on the cache memory where

the data which is currently being sent to the host device is

located, and a next-prereading data storage start address

indicating the position on the cache memory where the next

preread data is to be stored.

The prereading startup judgement unit 19 performs a
prereading startup judgement process for judging whether or not
prereading of data should be carried out to leave at least
several blocks of data, which have already been transferred to
the host device, on the cache memory.

Since the fﬁndamental processing by the disk memory device
according to the third embodiment of the present invention is

identical to the fundamental processing by the disk memory device



device to read data recorded on a disk nmenory nmedium Further, the disk
menory device according to the third enbodi nent of the preseng% tion
conprises a host I/F unit 2, a cache hit judgenent unit 3, a: t mﬂ%ﬂ
detection unit 16, a read command history table 5 as a conmand history
information storage neans, a prere¢ading rule decision unit 14, a
prereading rule table 15 as a prereading rule storage neans, a prereading
area decision unit 17, a prereading startup unit 7, a disk transfer unit 8,
a cache nenory 10, a host transfer unit 11, a 2 $ SEE 2z 43 cache list 12,
an access area information storage unit 13, a cache nenory pointer.

st aqragerdinid I8, tlendfia gir embadiimgnst ahtich hpsdgémeatdyubeenl9. The di sk
menory devi ce according to the third enbodi nent of the present invention

i s qdisfdfranent Wiromidweahove- feghireneyd repeanddedbediripnt onnishabta
protection area is provided to | eave at |east several blocks of data,
whinglrelhaweyal ready transferred to the upper device, on the cache nenory.
Therefore, the constituents perform ng the sanme operations as descri bed

for the ysgepnehenbedh Nphéraidily iefoddes SeyecHeef®l €0 agerbine rad s, cand
descriptions thereof will be omtted. The cache nenory pointer storage unit

18 sJhebdsialy wrdete s@ididngmdddinssti odi eaki pgetbatpesivbheNonnwihe cache
menory where the data which is currently being sent to the host device is
| 0gat gdscaithed MRtL RPeSeeadibBgtdatagater age start address

While executing the fundamental processing which has been
described with reference to figure 2, the continuity detection
unit lé, which has received a read command from the host device 1
through the host I/F unit 2, performs a continuity‘detection
process for calculating an access direction and an area-to-area
interval, on the basis of the position of a data area which has
been requested by the last read command recorded on the read
command history table 5 as a command history information storage
means, and the position of a data area which is requested by the
present real command (step S31).

Next, thé prereading rule decision unit 14 performs a
prereading rule decision process for deciding a prereading rule
to be used for prereading of data, by using the access direction
and the area-to-area interval which are calculated by the
continuity detection unit 16, and the size of the data area which
is requested this time (step S32). The decided prereading rule
is stored in the prereading rule table 15 as a préieading rule
storage means.

The prereading area decision unit 17 performs a prereading



i ndi cating the position on the cache nenory where the next preread data is
to be stored. The prereading startup judgenent unit 19 perforns a
prereadi ng startup judgenment process for judgi ng whether or no@ggﬁﬁ@reaw ng
of data should be carried out to | eave at |east several bl ocks of data,

whi ch have al ready been transferred5to the host device, on the cache
menory. Since the fundanmental processing by the disk nenory device
according to the third enbodi rent of the present invention is identical to
t he fundanental processing by the disk nenory device 44 according to the
first enbodi ment which has al ready been described with respect to figure
2, depeater) stescrppideds iomaecindoes sapyerdagtingt kalgata peer eadi ng
process by the disk nenory device according to the third enbodi nent of the
pr el ddventp meredding loef diaser,i bed peirtflormehgr enpeevéofisgunée2l. Wil e
executing the fundanental processing which has been described with

r efgranca tidrf i Gidgendntt peceestsi Mart yj udetiagt isnatheni preé@eadiingholias
received a read command fromthe host device 1 through the host I/F unit

2, el eHEu1d Eentdaidiiled defreehipdoyipmoeepsefabusapearabdngganudecess
direction and an area-to-area interval, on the basis of the position of a

dataiheaadhigderhaspiRged heaeeshed 1y belierkagher padreadimgdrugeotded on
the read command history table 5 as a conmand history information storage
MERRS emdGINE RCTAIiY @b andabrezkad wWahahcbamaagyeahaddbyitbag

the position and size of an area on the disk memory medium where

prefeading is to be carried out, on the basis of the decided

prereading rule (step S33).

Next, the prereading startup judgement unit performs a
prereading startup judgement for judging whether prereading
should be carried out or not, employing the under-sending address
and the next-prereading data storage start address which are
stored in the cache memory pointer storage unit 18 (step S591).

When it is judged that prereading should not be carried out,
the prereading startup unit 7 searches the cache list 12 to check
whether the data in the prereading area decided by the prereading
area decision unit 17 exists on the cache memory 10 or not (step
534} .

When the data in the prereading area decided by the
prereading area decision unit 17 does not exist on the cache
memory 10, the prereading startup unit 7 instructs the disk
transfer unit 8 to read the data in the prereading area decided
by the prereading area decision unit 17, thereby performing

prereading of the data (step 835). Further, after the prereading



present real command (step S31). Next, the prereading rule decision unit 14
performs a prereading rule decision process for deciding a prereading rule

to be used for prereading of data, by using the access directd e
area-to-area interval which are cal culated by the continuity28g;tSeEg{]i(i'!g@]}'h
unit 16, and the size of the data awmea which is requested this time (step
S32) The decided prereading rule is stored in the prereading rule table 15
as a prereading rule storage neans. The prereading area decision unit 17
perforns a prereading 2 8 SE 2004 45 area deci sion process for deciding a
prereading rule to be applied to prereading of data, by performng a

pr evf Otife radiea, agpd iweddeniinggarmatumpnecess ier joiag mpdakevheofpr er eadi ng
of data should be carried out enploying a previous prereading rule which

hascihearh @il oyad 1mBd el e aiddig 1 ereatiendaidl ¢tb@edbenenpl oyed
according to the present read command, and deciding the position and size

of &k HAHOMdnte ik M|y s3Iwdi um where prereading is to be carried
out, on the basis of the decided prereading rule (step S33). Next, the

prereadi pg shar b¥Rek UHEBAENMER £th8eHS 05 MBnath Pl SF A AhStardap | udgement
for judgi ng whether prereading should be carried out or not, enploying the

i e b e e i ]
cache memory 10, the prereading of the corresponding data is
ended.

The prereading area decision process in step S33 and the
following processes are repeatedly carried out until the disk
memory device receives a new command from the host device 1 (step
837).

The continuity detection process by the continuity detection
unit 16 in step S31 shown in figure 21, the prereading rule
decision process by the prereading rule decision unit 14 in step
S32, and the prereading rule decision process by the prereading
area decision unit 17 in step S33 are identical to those
according to the above-described second embodiment and, therefore,
descriptions thereof will be omitted."

Next, the prereading startup judgement process performed by
the prereading startup judgement unit 19 in step S91 shown in
figure 21 will be described with reference to figures 22 to 24.

Figure 22 is a flowchart for explaining the prereading
startup judgement process by the prereading startup judgement
unit 19 of the disk memory device according to the third

embodiment of the present invention, figure 23 is a diagram



When it is judged that prereading should not be carried out, the prereading
startup unit 7 searches the cache list 12 to check whether the data in the

prereadi ng area decided by the prereading area decision unit 1 ex%s?siﬁg
the cache nenory 10 or not (step S34). Wien the data in the pr Badf 92
area decided by the prereading are4d7decision unit 17 does not exist on the
cache nenory 10, the prereading startup unit 7 instructs the disk
transfer unit 8 to read the data in the prereading area decided by the
prereadi ng area decision unit 17, thereby performng prereading of the
data (step S35). Further, after the prereading 2 8 SEP 2004 46 of the data,
t he iglesdaditigqds ear exgmadet of perpehasliplastornedf int heecaafbe| i st 12
indicating the details of the data stored in the cache menory 10 (step
S36emOn vt poiotler shamdgewhantt A8, dard Fhovhe pfeieadi dgaared fdeci ded by
the prereading area decision unit 17 exists on the cache nenory 10, the
pr eegpdiangiol eherotectspondicag wWhighi §s andeta Fhea prkervadihg daea
deci sion process in step S33 and the follow ng processes are repeatedly
car sktededutinunhiel chbbedimshorgehdr gredeprekeckedi ves a new command fromthe
host device 1 (step S37). J The continuity detection process by the
conti nui tWideteefeomece to figure 23, the cache memory pointer

storage unit 18 holds an under-data-transfer address O indicating

a cache memory address as a beginning address of a data block on

the cache memory 10, which block is currently being transferred

to the host device 1, and a preread data storage address P which

is a cache memory address on the cache memory where the next-

preread data is to be stored.

Initially, the prereading startup judgement unit 19 performs
judgement as to whether the prereading direction value X of the
prereading rule entry on the prereading rule table 14, which is
specified in the prereading area decision process (step $33), is
“1” or not, i.e., whether prereading is to be performed in the
forward direction or not (step S101).

When the prereading direction value X is “1”, a
predetermined protection area size is subtracted from the under- .
transfer address O which is the beginning address of the data
block currently being transferred to the host device 1, which
address is stored in the cache memory pointer storage unit 18,
thereby calculating a protection area address which is a boundary

address for proteéting a predetermined amount of data in the

backward direction with respect to the data currently being



unit 16 in step S31 shown in figure 21, the prereading rule decision
process by the prereading rule decision unit 14 in step S32,
Df HhF

prereadi ng rul e decision process by the prereading area decis
in step S33 are identical to those according to the above-described second
enbodi ment and, therefore, descriptdions thereof will be omtted. Next, the
prereadi ng startup judgenent process perforned by the prereading startup
j udgenent unit 19 in step S91 shown in figure 21 will be described with
reference to figures 22 to 24. Figure 22 is a flowhart for explaining the
prereading startup judgenent process by the prereading startup judgenent
uni Erams BRrEe@ 5ERP }- device according to the third enbodinent of the
present invention, figure 23 is a diagram2 8 S E P 2004 47 illustrating an
exanpl e &h &hsachdelr sang, orwbgni fhehpreseheinendiyepblanevasuerfgeésunit 18,
and figure 24 is a diagramfor explaining a protection area which is a
datmotardd” whet €"@'he data vateoy girdneadiagcashpemrépomedldnartdiepr ot ected. Wth
reference to figure 23, the cache nmenory pointer storage unit 18 hol ds an
undechoetad taiarst erorad dites pr@rasdiicat iaxga aicaclheshewor ynaddoegs d$ a
begi nni ng address of a data block on the cache nenory 10, which block is
curarentthe etaniy teramstest et eod itone ahresit sdewi eeeladdrd &optéeead dat a
storage address P which is a cache nenory address on the cache menory
wh erreletriver veend fe rpreetdead sdar, a therebybeadtoleding a protection area
address which is a boundary address for protecting a

‘) predetermined amount of data in the forward direction with
respect to the data currently being transferred (step S103).

Next, the prereading startup judgement unit 19 judges
whether or not the protection area address overlaps the area
where the next preread data is to be stored, which area is
determined on the basis of the next preread data storage start
address P stored in the cache memory pointer storage unit 18, and
the prereading area size Z shown in figure 16 (step S104).

When the protection area address overlaps the area where the
next preread data is to be stored, prereading of data is
inhibited, and the prereading startup judgement process is ended
(step S105).

On the other hand, when the protection area address does not
overlap the next preread data storage area, prereading of data is,
and the prereading startup judgement process is ended (step S106).

When prereading of data is permitted in the prereading

startup judgement process, the prereading startup unit 7 searches

the cache list 12 to check whether the data indicated by the



Initially, the prereading startup judgenent unit 19 performs judgenent as
to whether the prereading direction value X of the prereading rule entry

on the prereading rule table 14, which is specified in the pgeggpQ&Eg area
deci sion process (step S33), is "1" or not, i.e., whether 3r réadi isto
be perforned in the forward directd®n or not (step S101). Wen the
prereading direction value X is "1", a predeterm ned protection area size
is subtracted fromthe under- transfer address O which is the begi nning
address of the data block currently being transferred to the host device
1, which address is stored in the cache nmenory pointer storage unit 18,

t hepebyeedingl areagsacpopt Bet | and arlea pderessingi hea ssazdoundaln yareldr ess
for protecting a predeterm ned anount of data in the backward direction

W t butpspeetl foomhehdapae ceudeng | yrdei degeP28Shh 248 )71 reansstes red (Step
S102). On the other hand, when the prereading direction value X is not "1"

but th®"cathe. membef pOeseathbng i Bheerthenedriespbrdihgcaeadddésendbton, the
prereadi ng area size Z shown in figure 16 and the predeterm ned protection

aregxbize @€ podedading hetatnderuiransiaisaddiesstis dhet ebyarcsatenl ating a
protection area address which is a boundary address for protecting a

pr eghet€ran 118 dr 8@ Utie Odia gt Endit 4t fiof wadd ghideedd 00y Wddn deaspeet to the
data currently being transferred (step 8103)._
No. and the prereading area size which are outputted from the
prereading area decision unit 17, thereby performing prereading
of data. Further, after the prereading of data, the prereading
startup unit 7 updates the cache list 12 to complete the data
prereading process.

On the other hand, when the corresponding data exists, the
prereading startup unit 7 performs prereading of next data.

Since the method of storing the data read from the disk
memory medium by the disk memory device according to the third
embodiment of the invention is identical to the data storage
method which has been described for the first embodiment
employing figures 8 to 10, repeated description is not necessary.

As described above, prereading of data i1s carried out with a
protection area being provided so as to leave, on the cache
memory, at least several blocks of data which have already
transferred to the host device 1, by employing the under—transfer
address indicating the position on.the cache memory where the
data being currently transferred to the host device 1 is located,

and the next preread data storage start address indicating the

position on the cache memory where the next preread data is to be



‘2 /

Next, the prereading startup judgenent unit 19 judges whether or not the
protection area address overl aps the area where the next prerquig% ais
to be stored, which area is deternmined on the basis of the next: preteadlif4
data storage start address P stored in the cache nenory pointer storage
unit 18, and the prereading area %% ze Z shown in figure 16 (step S104).
When the protection area address overlaps the area where the next preread
data is to be stored, prereading of data is inhibited, and the prereading
startup judgenent process is ended (step S105). On the other hand, when
the protection area address does not overlap the next preread data storage
ar eongder eddtans isfrateyvars wheanglanbagkePdadrhg éFaFf"EglFGdﬁé‘ﬁent process
is ended (step S106). Wen prereading of data is pernitted in the

pr ethdddi fgesuantdy swdgehany phecktaybeak frrpehirhgPet¥eeRptifit 7
searches the cache list 12 to check whether the data indicated by the 2 6
SEEc26084 dddipectéani ngdatbe beckvardiodinadtipe, pile cdgfiagiaied Ba¥@ which
are outputted fromthe prereadi ng area decision unit 17, exists on the
caaieeadyobypen0 tornsderrefiehot hiee cloes espeniicagl diest dertorptthexi st, the
prereading startup unit 7 instructs the disk transfer wunit 8 to read the
daswittoticat ed et péapberkadingchioa cautbe shorednth tike praekadi ng area
size which are outputted fromthe prereading area decision unit 17,

t heeabyypetf ahai pgipteoéating winén delta. pFaybaek , dbafecricemel prer eadi ng of
data, the prereading

switched, whereby the already-transferred data just before the
switching of the playback direction, which data is required for
playback just after the playback direction switching, can be
transferred to the host device 1 without rereading the
corresponding data from the disk memory medium.

While the disk memory device according to the third
embodiment of the present invention is provided with the cache
memory pointer storage unit 18 and the prereading startup
judgement unit 19 in addition to the comstruction of the disk
memory device according to the second embodiment, the present
invention is not restricted thereto, and the same effects as
described above can be achieved by a disk memory device which is
provided with the cache memory pointer storage unit 18 and the
prereading startup decision unit 19 in addition to the
construction of the disk memory device according to the first
embodiment.

Furthermore, as shown in figure 20, the processes of the
cache hit judgement unit 3, the continuity detection unit 16, the

prereading rule decision unit 14, the prereading area decision



2

startup unit 7 updates the cache list 12 to conplete the data prereading
process. On the other hand, when the correspondi ng data exists ,rgﬁp
prereading startup unit 7 performs prereadi ng of next data. I'nce hémn4
met hod of storing the data read fromthe disk nmenory nedi um by the disk
menory devi ce according to the thid enbodi nent of the invention is
identical to the data storage nethod which has been described for the
first enbodi ment enploying figures 8 to 10, repeated description is not
necessary. As described above, prereading of data is carried out with a
protection area being provided so as to | eave, on the cache nenory, at

| eastiseVer athbl préseadimat st ashivgh halgersdneathit t¥%nsfral rtdok t o t he host
device 1, by enploying the under-transfer address indicating the position
on phereadheg netor yupheatet thearaeatar hisddgowurinerd IGPU rldisf esrrdedcteo t he host
device 1 is |located, and the next preread data storage start address

i ndi€&d | Agmhdned WDStdipneawld e adoheammdri sthard tthe rexdesy eyead data i s
to be 200f 50 stored. Therefore, even when playback of data is carried out

whi { er d Fesitest | ¥t Smade hirmig: tis iy aokealidiant iran datamden 1tshe arfdor war d
direction and the backward direction, the data which have already been

tr angd exd @tk tRerhdiey HOsin eV it rhgelsiniiel 1@ edd e r siigeehiong ao0fkRAMe pl ayback
direction can be stored in the cache nenory at the point of tinme when the

E' ?y@@%ﬁﬁ% | dab 1N dreh ehi vatraree B drh el rogandyi-oar.ansferred data j ust
efore the

Embodiment 4.

The disk memory devices described for the first to third
embodiments are controlled by control programs which are
possessed by ROMs contained in the CPUs 101, 103, and 105 shown
in figures 1, 11, and 20, respectively. The same effects as
described for the first to third embodiments can be achieved when
providing these control programs through communication means such
as the Internet or other networks as well as providing these
control programs contained in various kinds of media.

Furthermore, as recording media in which the programs are to
be recorded, there are, for example, floppy disk, hard disk,
optical disk, magnetic disk, magneto-optical disk, CD-ROM,

magnetic tape, punch card, nonvolatile memory card; etc.

APPLICABILITY IN INDUSTRY
The disk memory device according to the present invention
enables prereading of data recorded on a disk memory medium, such

as a magnetic disk or an optical disk, in the backward direction,



swi tching of the playback direction, which data is required for playback
just after the playback direction switching, can be transferred to the
host device 1 without rereading the corresponding data from ghg &E%%g
menory nmedium Wile the disk nenory device according to the third
enbodi ment of the present inventionsEs provided with the cache nmenory

poi nter storage unit 18 and the prereading startup judgenment unit 19 in
addition to the construction of the disk menory device according to the
second enbodi nent, the present invention is not restricted thereto, and
the same effects as described above can be achieved by a di sk_nenory
deviagsl Wifdirient mreviedddngi of cRéacabhehmaldr yopatAteFeBabRhfEYuRt 18 and
the prereading startup decision unit 19 in addition to the construction
of telymadi sk teewverdys, déhecebacdmpdprgngodaha trassfesnbydthendat&urt hernore,
as shown in figure 20, the processes of the cache hit judgenent unit 3, the
contprexicbylidet edt ithe dnistk mémorhedepieeeadi ng rul e decision unit 14, the
prereadi ng area decision 2 6 SEP 2004 51 unit 17, the prereading startup
judgenent unit 19, and the prereading startup unit 7 are carried out by a
CPU 105, and the read command history table 5, the cache list 12, the
access area information storage unit 13, the prereading rule table 15, and
t he cache nenory pointer storage unit 18 are arranged on a RAM 104 which
is readable and witable fromthe CPU 103.



Enbodi ment 4. The di sk nenory devi ces described for the first to third
enbodi nents are controlled by control prograns which are possessed by ROV
contained in the CPUs 101, 103, and 105 shown in figures 1, 218, SAPdygp,
respectively. The sane effects as described for the first to third
enbodi nents can be achi eved when povi ding these control prograns through
comuni cati on neans such as the Internet or other networks as well as
provi ding these control prograns contained in various kinds of nedia.
Furthernore, as recording nmedia in which the prograns are to be recorded,
there are, for exanple, floppy disk, hard disk, optical disk, nagnetic
di sk, magneto-optical disk, CD ROWAIMSagnetic tape, punch card, nonvolatile
menory card, etc. APPLICABILITY IN INDUSTRY The di sk nenory device
according to the present invention enables prereading of data recorded on
a di sk menory nedium such as a magnetic disk or an optical disk, in the
backwara di &kechenory 2d8vEEP &@m@mnidsiefdi ci ent prereadi ng of data which are
| ocat ed separately at equal intervals, thereby inproving data transfer by
t he data cpmaaradhbgtotyt hafdimkt hemosyoskeyes areards SEGEMEODMS3 CLAIMS 1. A
di sk nmenory devi ce conpri sing:

historic information of read commands as information for reading

data recorded on a disk memory medium, which read commands are
received from a host device;

a continuity detection means for detecting a direction along
which prereading of data is to be carried out, on the basis of
the read commands stored in the command history information
storage means;

a prereading area decision means for deciding the position
and size of data to be preread on the disk memory médium, on the
basis of the read commands and the data prereading direction
detected by the continuity detection means;

a cache memory for holding preread data; and
fj) a prereading startup means for reading the data to be preread,
which is decided by the prereading area decision means, from the

disk memory medium, and storing the data in the cache memory.

2. A disk memory device comprising:

.a command history information storage means for holding
historic information of read commands as information for reading
data recorded on a disk memory medium, which read commands are

received from a host device;



a command history information storage neans for holding historic
information of read conmands as information for reading data recorded on a
di sk menory nedi um which read commands are received from & IBo$EPd@liice; a
continuity detection neans for detecting a direction along which
prereading of data is to be carrieddout, on the basis of the read commands
stored in the command history information storage neans; a prereading area
deci sion neans for deciding the position and size of data to be preread on
the di sk menory nmedium on the basis of the read conmands and the data
prereading direction detected by the continuity detection nmeans; cache
menory totohalduigypdeteatiidatmeanadfopr decadtimg sdrardtwaneansrédr readi ng
the data to be preread, which is decided by the prereading area deci sion
e adiss t i withiech di s karreindreyrvadiafmdaatrd 3t Giel pgetrkaddatoa ithet basdache
menory. 2. A disk nenory device conprising: a conmmand history information
st as gt areansd fosmitaldl g orkidstior ithd rfoomamid 6d sebryedd foemamids as
information for reading data recorded on a di sk nenory nmedi um which read
commtyycaamganscei ved froma host device, 2 a SE P 2004 54 a continuity
detection neans for detecting an area-to-area distance which is an

intervah pitedabaihg belPresEdthg Gedhe Basisolding herd@aeh Goymautss st or ed

in the command history information
for performing prereading of data;

a prereading rule decision means for deciding a prereading
rule to be used for prereading of data, on the basis of the reéd
commands, the area-to-area distance detected by the continuity
detection means, and the prereading rules held by the prereading
rule holding means;

a prereading area decision means for deciding the position
and size of data to be preread on the disk memory medium, on the
basis of the prereading rule decided by the prereading rule
decision means;

a cache memory for holding preread data; and

a prereading startup means for reading the data to be preread,
which is decided by the prereéding area decision means, from the

disk memory medium, and storing the data into the cache memory.

3. A disk memory device comprising:
a command history information storage means for holding
historic information of read commands as information for reading

data recorded on a disk memory medium, which read commands are

received from a host device;



storage neans; a prereading rule holding neans for hol ding prereading rules
for perform ng prereading of data; a prereading rul e decision nﬁaMSSéhNZDﬂé
deciding a prereading rule to be used for prereading of data, on the basis
of the read commands, the area-to-area distance detected by the continuity
detection neans, and the prereadin¥ules held by the prereading rule
hol di ng nmeans; a prereadi ng area deci sion neans for deciding the position
and size of data to be preread on the di sk nenory nedium on the basis of
the prereading rule decided by the prereading rule decision neans; a cache

.menory for holding preread data; and a prereading startup nmeans _for reading

t he dat @ taproei pricreath teathiarh neange diate dlehe i@ Ip Re CdZEICHd O8r & °86ci si on
means, fromthe disk nmenory nedium and storing the data into the cache
menahych3prArdasingentr gatieviseteonpr carngedaceomand & s2bed~ ¥t or mat i on
storage neans for holding historic information of read conmands as

i nf argat dostharer eadchgisdatainteovakdobndatai sk hernprsreadi uwd Whech read
commands are received froma host device; 2 8 SE P 2904 55 a continuity
det pgkionofeans kenddebemthdg stdiedcinobhal oomgmanddiwhspery eadi ng of data
is to be carried out, and an area-to- area distance which is an interval of

dat ankerhetpoar eadragse inbens;

a prereading rule holding means for holding prereading rules
for performing prereading of data;

a prereading rule decision means for deciding a prereading
rule to be used for prereading of data, on the basis of the read
commands, the data prereading direction and the area-to-area
distance which are detected by the continuity detection means,
and the prereading rules held by the prereading rule holding
means;

a prereading area decision means for deciding the position
and size of data to be preread on the disk memory medium, on the
basis of the prereading rule decided by the prereading rule
decision means;

a cache memory for holding preread data; and

a prereading startup means for reading the data to be preread,
which is decided by the prereading area decision means, from the

disk memory medium, and storing the data into the cache memory.

4. A disk memory device as defined in Claim 2 or Claim 3,

wherein:

the prereading rule holding means holds a plurality of



basis of the read commands stored in the command history information
storage neans; a prereading rule holding neans for hol ding prer di? rul es
for perform ng prereading of data; a prereading rule decision ﬁg n§n%oQMM
deciding a prereading rule to be used for prereading of data, on the basis
of the read commands, the data preggeading direction and the area-to-area
di stance which are detected by the continuity detection neans, and the
prereading rules held by the prereading rule holding neans; a prereading
area deci sion neans for deciding the position and size of data to be
preread on the disk nenory medium on the basis of the prereading rule
decpdedehdihherptespadhag rul e decision neans; a cache nenory for hol ding
preread data; and a prereading startup neans for reading the data to be

prer ead yheMhitdiedes Mdecixed dreadiagpr-aneadergdatiebydenespoarsranag fromthe
di sk menory nedium and storing the data into the cache nenory. 4. A disk

Menpyye dgyb£ei8a #MehhHedndna %ﬁéf@;e&iﬁ{% Gl dNvhi cVR{Lidser! keng@reandi ng
rul e 'hol di ng neans holds a plurality of 2 a SEP 2001 56 prereadi ng rules;

and; wheh; 1 PET S BE BoRe PLRE CQEENGed Yt Fod Ay d hedr emgadidly tHe e

deci sion nmeans and a prereading rule which 'has been enpl oyed
prereading directions of these prereading rules are the same, the
prereading area decision means decides the position and size of

data to be preread on the disk memory medium by employing both of

the prereading rules in combination.

5. A disk memory device as defined in any of Claims 1 to 4,
further comprising:

a cache memory pointer holding means for holding an under-
transfer address indicating the position, on the cache memory, of
data which is currently being transferred to the host device, and
a next preread data storage start address indicating the position
on the cache memory where next preread data is to be stored; and

a prereading startup judgement means for judging whether or
not prereading of data is to be performed to leave at least
several blocks of data which have already been transferred to the
host device, on the cache memory, by employing the under-transfer
address and the next preread data storage start address which are

held by the cache memory pointer holding means.

6. A disk memory device as defined in any of Claims 1, 3 to 5,

wherein:



i mredi ately before the decided prereading rule and, further, the

prereadi ng directions of these prereading rules are the sane, the
prereadi ng area deci sion neans deci des the position and size o2 BdakR 2Wibe
preread on the disk nmenory nedi um by enpl oying both of the prereading
rules in conbination. 5. A disk nmeddry device as defined in any of Clains 1
to 4, further conprising: a cache nenory pointer hol ding neans for hol ding
an under- transfer address indicating the position, on the cache nenory, of
data which is currently being transferred to the host device, and a next
preread data storage start address indicating the position on the cache
menory wher preeeadingr s&d rdaramnesnsosberssorenluandisyppér padragdst art up

j udgenent neans for judgi ng whether or not prereading of data is to be

per fatane dvit bch elwvee atuteastivaly dreain btesoksowlf idatthevbaghkwsnd al ready been
transferred to the host device, on the cache nmenory, by enploying the
undeét xé ¢ tainsd ersuackls 5se Bndintre andeclpraardealil mattal 8t Grage ist @t addr ess
which are held by the cache nmenory pointer holding nmeans. 6. A disk nmenory
devididrass dafaaedon ntlenycadheCnemeyl, 3 to 5, wherein: 2 8 SE P 2004 57 the
prereadi ng startup neans stores a plurality of preread data, which have
successively been read out in the backward direction, successively into a
backward-direction area in an address space on the cache nenory.

7. A data prereading method comprising:

a continuity detection step of detecting a direction along
which prereading of data is to be carried out, on the basis of
read commands as information for reading data recorded on a disk
memory medium, which read commands are received from a host
‘device;

a prereading area decision step of deciding the position and
size of daﬁa to be preread on the disk memory medium, on the
basis of the read commands and the data prereading direction
detected in the continuity detection step; and

a prereading startup step of reading the data to be preread,
which is decided in the prereading area decision step, from the
disk memory medium, and storing the preread data in a cache

memory which is a storage area for the preread data.

8. A data prereading method comprising:

a continuity detection step of detecting an area-to-area
distance which is an interval of data to be preread, on the basis
of read commands as inforﬁation for reading data recorded on a

disk memory medium, which read commands are received from a host



7. A data prereading nethod conprising: a continuity detection step of
detecting a direction along which prereading of data is to b; ﬁa§gregmﬂut,
on the basis of read commands as information for readi ng dat e d on
a disk nenory nedium which read commands are received froma host

device; a prereading area decisionb$tep of deciding the position and size
of data to be preread on the disk nmenory nedium on the basis of the read
commands and the data prereading direction detected in the continuity
detection step; and a prereading startup step of reading the data to be
preread, which is decided in the prereading area decision step, fromthe
di skevibrr y nedi um and storing the preread data in a cache nenory which
is a storage area for the preread data. 8. A data prereadi ng et hod

conpri sangreaeadhhgnuily detésionnsstppodfdeaetditdng prersedinig-aika

di stance which is an interval of data to be preread, on the basis of read
conmsks ased nNfcyr atd yadiorg rediatg dana thec daded of ahedirekdnenory medi um
whi ch read commands are received froma host 2 8 SEP 2004 58 device; a

pr efeadhints F Wie dedd £ a3terp difs theiedideg ca tpieigadieg coulteénuieybe used for
prereadi ng of data, on the basis of the read comuands, the area-to-area

di fetee idef ealeq idhd he-ea@Rditiy trnledehecti By St pReraddipyeraadi ng rul es
hel d by a prereading rule

holding means which holds prereading rules for performing

prereading of data;

a prereading area decision step of deciding the position and
size of déta to be preread on the disk memory medium, on the
baéis of the prgreading rule to be used for prereading of data,
which is decided in the prereading rule decision step; and

a prereading startup step of reading the data to be preread
corresponding to the position and size on the disk memory medium
which are decided in the prereading area decision step, and

storing the preread data into a cache memory for holding the

preread data.

9. A data prereading method comprising:

a continuity detection step of detecting a direction along
which prereading of data is to be carried out and an area-to-area
distancé which is an interval of data to be preread, on the basis
of read commands as information for reading data recorded on a
disk memory medium, which read commands are received from a host

device:;

a prereading rule decision step of deciding a prereading rule



hol di ng means whi ch hol ds prereading rules for performng prereading of
data; a prereading area decision step of deciding the position and size of
data to be preread on the di sk nenory nmedium on the basis of ithe 194
prereading rule to be used for prereading of data, which is decided in the
prereadi ng rul e decision step; and5® prereading startup step of reading the
data to be preread corresponding to the position and size on the disk
menory medi um which are decided in the prereading area decision step, and
storing the preread data into a cache nenory for holding the preread data.
9. A data prereading nethod conprising: a continuity detection step of
detecthaguaedi fectpieredding athiddt gur emeddiendpacfi sdatfa the trealde carried out
and an area-to-area distance which is an interval of data to be preread,

on d¢dmandreds s thod datad pasmpeandin g sliirdoarimont ison fdre reedi-tgp-data r ecor ded on
a disk nenory nedium which read commands are received froma host
devdigtarfcpriiicadiadng rddtedaad sironhet epnafintidciydideg e tjoar aadipng and e ~.
Z-1,04 59 to be used for prereading of data, on the basis of the read

copmdsdime dales peareadi ng pligrecidion andet he ldied- meaaseahidhst ance
whi ch are detected in the continuity detection step, and prereading rul es

helrh 1y é})ﬁr%ra%diglg:dllélse ol PerForaany whieeadieldsprateading rules for
perform ng prereadi ng of data;
a prereading area decision step of deciding the position and
size of data to be preread on the disk memory medium, on the
basis of the prereading rule to be used for prereading of data,
which is decided in the prereading rule decision step; and
" a prereading startup step of reading the data to be preread
corresponding to the position and size on the disk memory medium
which are decided in the prereading area decision step, and

storing the preread data into a cache memory which is a storage

area for the preread data.

10. A data prereading method as defined in Claim 8 or Claim &,
wherein:

when there are a prereading rule decided in the prereading
rule decision step and a prereéding rule which has been employed
immediately before the decided prereading rule and, further, the
prereading directions of these prereading rules are the same, the
prereading area decision step decides the position and size of
data to be preread on the disk memory medium by employing both of

the prereading rules in combination.



a prereadi ng area decision step of deciding the position and size of data
to be preread on the disk nenory nedium on the basis of the prereading
rule to be used for prereading of data, which is decided in2theéidt @ipdhdi ng
rul e decision step; and a prereading startup step of reading the data to be
preread corresponding to the posi®ioon and size on the disk nenory nedi um
whi ch are decided in the prereading area decision step, and storing the
preread data into a cache nmenory which is a storage area for the preread
data. 10. A data prereading nethod as defined in CCaim8 or Claim9,
wherein: when there are a prereading rule decided in the prereading rule
decisj onas@iepa apde BepaEngank tigod e adf iotedaim egn efnllaieds 7 imediGi el y
before the decided prereading rule and, further, the prereading directions
of these:Presmaei sihgul es are the sanme, the prereading area decision step
decides the position and size of data to be preread on the di sk nenory

medi um QypeapkaMing bekhtap jﬁﬂ@e:ﬁéﬁteﬁﬂ%plgofujmgirﬁg oandinet | on.n@c 8 SEP
2004 60 1?. A data prereading nmethod as defined in any of Clains 7 to 10,

f urg hefe LOMY I 5F Mt R 1 el Re r¥lafledd Houdearent ost epeotaichdgi ng whet her
or 'not prereading of data is to be perfornmed to | eave, on the cache

MeRinorAl deasdasevialrdll ealez k@l ofalia tehkeh chavaval ceadudieeren

transterred to the host device, by enploying an under-transfer
transferred to the host device, by employing an under—transfer
address indicating the position, on the cache memory, of data
which is currently being transferred to the host device, and a

next preread data storage start address indicating the position

on the cache memory where next preread data is to be stored.

12. A data prereading method as defined in any of Claims 7, 9 to
11, wherein:

the prereading startup step stores a plurality of preread
data which have been successively read out in the backwafd

direction, successively into a backward-direction area in an

-m>.'address space on the cache memory.

13. A computer-readable recording medium on which a program for
making a computer execute a data prereading method is recorded,
said data prereading method comprising:

a continuity detection step of détecting a direction along
which prereading of data is to be carried out, on the_basis of
read commands as information for reading data recorded on a disk

memory medium, which read commands are received from a host



address indicating the position, on the cache nenory, of data which is
currently being transferred to the host device, and a next preread data

storage start address indicating the position on the cache n@n@r&ﬁﬂhgm@
next preread data is to be stored. 12. A data prereadi ng nethod as defined
inany of Clains 7, 9 to 11, whereisnt: the prereading startup step stores a
plurality of preread data which have been successively read out in the
backward direction, successively into a backward-direction area in an
address space on the cache nenory. 13. A conputer-readabl e recordi ng nmedi um
on which a programfor nmaking a conputer execute a data prereadi ng nethod

i s deefeled, said data prereading nethod conprising: a continuity
detection step of detecting a direction along which prereading of data is

to be car pkéﬂeauﬁ_ngoﬂrébedbaiisﬁoﬂfstépaﬂfcﬁ&‘@:{%aﬁhé NpO$ {1t b nakdr
readi ng data recorded on a disk nmenory nedium ich read conmands are

recgiMethf MR A twYe Bl 2thS itV nehior yampuei@gdiond tdeea deci sion
step of deciding the position and size of data to be preread on the disk

Mgy RSk Whe Gedd@ oniRSics @ind i e@d aC preRBdaiakd dikedaba prer eadi ng
direction detected in the continuity detection step; and a prereading

St dedR LR Pt HLRYMG thi® Haler @ 188 Brepeadng Which is decided in the
prereadi ng area decision stép, fromthe
a prereading startup step of reading the data to be preread,
which is decided in the prereading area decision step, from the

disk memory medium, and storing the preread data in a cache

memory which is a storage area for the preread data.

14. A computei—readable recording medium on which a program for
making a computer execute a data prereading method is recorded,
said data prereading method comprising:

a continuity detection step of“detecting an area-to-area
distance which is an interval of data to be preread, on the basis
of read commands as information for reading data recorded on a
disk memory medium, which read commands are received from a host
device;

a prereading rule decision step of deciding a prereading rule
to be used for prereading of data, on the basis of the read
commands, the area-to-area distance detected in the'continuity
detection step, and prereading rules held by a prereading rule
holding means which holds prereading rules for performing
prereading of data;

a prereading area decision step of deciding the position and



di sk menory nedium and storing the preread data in a cache nenory which
is a storage area for the preread data. 14. A conputer-readabﬂqgﬁﬁﬁbgﬂbpg
medi um on which a program for naking a conputer execute a data prereadi ng
method is recorded, said data prereading nethod conprising: a continuity
detection step of detecting an are®Z o-area distance which is an interval
of data to be preread, on the basis Il of read conmands as information for
readi ng data recorded on a disk nenory medi um which read commands are
received froma host device; a prereading rule decision step of deciding a

prereading rule to be used for prereading of data, on the basis of the
reaﬁlz%d?rfgrﬁ#@'s@ thebarrzererdran Wistdinde mpEoatt AN, he@nc s nuity
detection step, and prereading rules held by a prereading rule holding
medvss vhieh tiod desrererdiadi kel tas Heoussst ffomriprg regddmgadifnglaghdat a; a
prereadi ng area decision step of deciding the position and 2 8 SEP 20 62
si ahigth disg adeoided pirertde wrendsalidiskutenderisednumtepn @mel basis of the
prereading rule to be used for prereading of data, which is decided in the
pr er eadangreutadiegi stantspeptepndf arpadimading dda tup ¢ gprafeadkadi ng t he
data to be preread corresponding to the position and size on the disk
me maroe esgehirnhhngMtice it hay odddiided annl tsheepoer ¢adi dd s&r eemdey sedhust ep, and
storing the preread data into a cache nenory for holding the

which are decided in the prereading area decision step, and

storing the preread data into a cache memory for holding the

preread data.

15. A computer-readable recording medium on which a program for
making a computer execute a data prereading method is recorded,
said data prereading'method comprising:

a continuity detection step of detecting a direction along
which prereading of data is to be carried out and an area-to-area
distance which is an interval of data to be preread, on the basis
of read commands as information for reading data recorded on a
disk memory medium, which read commands are received from a host
device;

a prereading rule decision step of deciding a prereading rule
to be used for prereading of data, on the basis of the read
commands, the data prereading direction and the area-to-area
distance which are detected in the continuity detection step, and
prereading ru;es held by a prereading rule holding means which
holds prereading rules for performing prereading of data;

a prereading area decision step of deciding the position and



preread data. 15. A conputer-readabl e recording medi umon which a program
for nmaking a conputer execute a data prereading nethod is recorded, said

data prereadi ng nethod conprising: a continuity detection stig oé ggﬁezting
a direction along which prereadin% of data is to be carriedZodt %n W
area-to-area distance which is anbidnterval of data to be preread, on the
basis of read commands as information for reading data recorded on a disk
menory nedi um which read commands are received froma host device; a
prereading rule decision step of deciding a prereading rule to be used for
prereadlng of data, on the basis of the read comuands, the data prereading
di r 882¢ 0T afdta hieo dreapToreadon ditg dHadk NG Yamedislec 0ad the t he
continuity detection step, and prereading rules held by afprereadlng rul e
hol dé#gs nednshavprereddins prier dadibey yad e s o pgsareedmion @ fpdétéadi ng of
data; a prereading area decision step of deciding the p05|t|on and 2 3 SEA
200dhBeh si g edetidh an dhse myregtedad ngh e dlesi spgmosEepedied® on the basi s
of the prereading rule to be used for prereading of data, which is decided
in the prereadadigngubbadbepssbep stépreading pheraéath ntp tarprpreadp of
reading the data to be preread corresponding to the position and size on
t hecalt 19ks prebimyg neditira  pasidh car ende ciided onn thiee diusér matiomy aveda udeci si on
step, and storing the preread data into a cache nmenory which is a storage
which are decided in the prereading area decision step, and

storing the preread data into a cache memory which is a storage

area for the preread data.

16. A recording medium as defined in Claim 14 or Claim 15,
wherein:

in the data prereading method, when there are a prereading
rule decided in the prereading rule decision step and a
prereading rule which has been employed immediately before the
decided prereading rule and, further, the prereading directions
of these prereading rules are the same, the prereading area
decision step decides the position and size of data to be preread
on the disk memory medium by employing both of the prereading

rules in combination.

17. A recording medium as defined in any of Claims 13 to 16,
wherein the data prereading method further comprises:

a prereading startup judgement step of judging whethgr or not
prereading of data is to be performed to leave, on the cache

‘memory, at least several blocks of data which have already been



area for the preread data. 16. A recording nediumas defined in Caim14 or
G aim 15, wherein: in the data prereading nmethod, when there grg 8P 2004
prereading rule decided in the prereading rule deci si on step and a
prereadi ng rul e which has been enpl oyed i medi ately before the deC|ded
prereading rule and, further, the d?%reading directions of these
prereading rules are the sane, the prereading area decision step decides
the position and size of data to be preread on the disk nenory medi um by
enpl oying both of the prereading rules in conbination. 17. A recording
medi um as defined in any of Clains 13 to 16, wherein the data prereadlng
met R&ARFGEFREE é@nﬁh?s@@Stad%Yb@%adPhge@P%?Yh®gj@@g@%@%% S¥apsS B8 udgi ng
whet her or not prereading of data is to be performed to |eave, on the
cachedrepapipdigetingstheavesitionocks oite d@a@lwwmﬂeo@%wy been 2 8
SE P 2004 64 transferred to the host device, by enploying an under-transfer
addvksehi pdi carregtineopong t s rrred tactke vt yJewkcalatand which i s
currently being transferred to the host device, and a next preread data
stom@g%,Brarea@dda©@sstwmﬁqgustqrtr&ﬁQmﬂﬁiiinﬁiQﬂtingetnﬁﬂﬁpsﬁﬁﬁww wher e
next preread data is to be stored. 18. A data prereadi ng nethod as defined
i n emytld ChahesndorySvhdme gxtwereiend idattehel ddta iy esteadidhg net hod, the
prereadi ng startup step

18. A data prereading method as defined in any of Claims 13, 15
to 17, wherein:

in the data prereading method, the prereading startup step
stores a plurality of preread data which have been successively

read out in the backward direction, successively into a backward-

direction area in an address space on the cache memory.



stores a plurality of preread data which have been successively read out
in the backward direction, successively into a backward- direction area in
an address space on the cache nenory. ABSTRACT On the basis ofC%n area
accessed by a just-previous read conmand and an area requiréﬂﬁby & gilsent
read command, the direction of thé%ccess, the interval between the areas,
and the area size are-detected, and the position and size of an area on a
di sk nmenory nedi um where prereading of data is to be carried out are
determ ned using the detected val ues, whereby prereading of data can be
efficiently carried out in response to continuous read commands which
request data |ocated in the bacl®®I'dRA rection, i.e., the direction in

whi ch address decreases, or data |ocated separately at equal intervals.

On the basis of an area accessed by a just-previocus read
command and an area required by a present read command, the
direction of the access, the interval between the areas, and the
area size are.detected, and the position and size of an area on a
disk memory medium where prereading of data is to be carried out
are determined using the detected values, whereby prereading of
data can be efficiently carried out in response to continuous
read commands which request data located in the backward
direction, i.e., the direction in which address decreases, 0r

data located separately at egqgual intervals.



