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

CONNERAERAY FifeEMPUTER'. I n the conventional prereadi ng net hod, however,
t he '

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



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 increases) and, therefore, prereading of data cannot _be §§éried
out in response to an access for reading data continuously i nZt Be clib4r d
direction (the direction along whi2ch the |ogical block address decreases).
In recent years, a disk nenory device has been increasingly used for
recordi ng/ pl ayback of video data, audio data, and the |ike, and the
conventional nethod can provide effective prereading with respect to

nor mal pl ayback. However, when performng trick play, e.g., reverse

pl aybackprabt barghTrRAESEERA AMDI DhSkaprIvakr ecUNEOEED Wend OOMPENERSt ored in
the cache nenory can be played backward, the. data which are not stored in

the cache tRMEInvarstidiea Y gatk @Hddisic eradios! howrdd)ercheduri ng t he
reverse playback, there occurs a contradiction that the data successive in

thaikeewabd dibggt vBchWihehdate HDbcRECEBS A Yoo as Sivel erLachnyder eby
i mprovenent of data transfer by prereading cannot be achieved. Further,

dug kngsbhfelir teknp! ayssHghe agi fast 1601 vensl @l sybackn Slodasthicverse
pl ayback, data sanpled according to the playback speed are read out. In

t higeCaS8icHNER1 bBR §QBYEHL T PRt ABESPthnd S BPFOFSE:, UNeEessniy data
other than the required data are also stored in the cache nenory and,

thgeeh o8, cLhgoLachEcHBRADEY Sud & B d: & o CaNtcdes used effectively.
Further, the interval of the required data areas is broadened as the
Pl 2¥PRLky SRSES ESntinuously 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



increased, resulting in that a data area to be requested is not present in
the sanme track or the sane cylinder. In this case, if reading of
unnecessary data is carried on, prereading of required data cannot be nade
intime, resulting in an interruption of playback of video orZaudikd 2a54
Further, in the conventional nethod,3 when the preread data are set in the
cache nenory, 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 blocks stored in the cache nenory is broken
at reverse playback. Therefore, in order to secure the continuity of the
prereagottaba ukledckEfectivelyecessarthery fthemiateaciad edt the which is entry
information into the cache nenory, for each preread data bl ock, and enter

t he r¢aghe canidky ai Areakhe scagbadehst], aseshbt phgyback sgeedi frent to ef ficient
use of the cache nenory. Furthernore, in the playback based on the shuttle

di al h-epakati, orewhilehngnahbl esatoawandaoaregvessbepkayghaskedtia pbayback
speed suited to a stop angle of a rotation dial nmounted on a renote

conpiakkak 9h @nvi dapet apackeeer €ae sameeeghingeals, Thhehipl apback ifpeed
can be changed in stages, and it happens frequently that the present

pl ayBagkngpeeduhdekebyhReddheat he cREeveQUSH Pl pybackdaspgedf regihirsdcase,
the data required in the  playback at the previous playback speed cannot be

preaﬁgg PYnhBe $e2m8aSERPn2004eethodl 0fngr eneadi pgtenkiptiendata required
at the present playback speed. Further, this problem occurs not only in

the,pLgyhagkopasedeo 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



on the above-nentioned shuttle dial operation but also in the playback
based on the jog dial operation which enables forward or reverse pl ayback
whi | e changi ng the pl ayback speed from frane-by- frame playback to fast

pl ayback according to the speed and direction for rotating the ﬁg?ahgﬁn
dial. Furthernore, when a playback dtart position is specifi <o a
still picture at a desired position in a played video is output, the

pl ayback direction may be frequently switched between the forward pl ayback
and the reverse playback by using the above- described shuttle dial
operation or jog dial operation. In this case, since the cache nenory does
not raehddt e gateacadtiput bedy themdthe caghéregnmatythehpredaeatnust be reread
fromthe disk nenory nmediumjust after the switching of the playback

di r egbiy@ack whekahy i nprovenment of data transfer by prereading cannot be
expected. The present invention is nmade to sol ve the above-descri bed

probl ens @hgchas, f ofistsrab@ctodeuy awtderd yiisk tlengrladesdicedaswich is
able to inprove data transfer by data prereadi ng, even when trick play,

suchpasheeupose -Rleayhaeskdosnhastepiaybasgerasionabut edlsut inDEBELOSURE OF
THE INVENTION 5 2 8 SEP 2004 As descri bed above, according to the present

I NvenbipEcxabaldiesk oRERBEY 86VHER] COPRELEESH RhEoRM@NdbhEst Soywantiopmat i on
storage neans for holding historic information of read conmands as
i nf orget-kanphakreeddi;Ag1 datAahgeAgdeHe 0p1 ayBhck spowdY Pl Bikme-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

whi ch read conmands are received froma host device; a continuity
detection neans 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 informati on storage neans; a prereading areangqugiqmgq
means for deciding the position and5size of data to be preread on the disk
menory nmedium on the basis of the read commands and the data prereading
direction detected by the continuity detection nmeans; a cache nenory for
hol ding preread data; and a prereading startup neans for reading the data
to be preread, which is decided by the prereading area decision neans,
fromthe xk shedreriised regivey aancbrstiorg rp tife dateseant tifwendade fenory.
Therefore, even when data are to be continuously read out in the backward
di r @etkOMembr§. devhctheotbresés onaatonganahhtstohye oiflewsatderr eases,
prereadi ng of these data can be carried out, whereby continuous readi ng of

dat grbpafbenbaskwasd hdidesdibbstanibeintorned ont oht réd@hcepeaers
Furthernore, according to the present invention, a disk nenory device

CONRLi $886rRatOBABREIr hic4@1Yg i (& 0a MRéCONdsd osrage dbhelanserhory oddi wry,
hi storic information of read conmmands as information for reading data

recorfed P23 dbskaABEDE¥e NBEEeRed Whieh 4 elesls € odeahcks; ax ecomciiwetly f rom a
host device; a continuity 6 2 8 SEP 2004 detection neans for detecting an

ar e@st Oc 8L 88 Mbshanesr Wié €bcidng ad dntesvadn ofilshag awhiclbeppeesadihigon t he
basis of the read commands stored in the conmand history information

fbf‘ggg?%ﬁ@a%? todpP’ 85 LA Aokt eomotil NgasEanst feiie hod kil ngommandsadi ng
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



perform ng prereading of data; a prereading rule decision neans for
deciding a prereading rule to be used for prereading of data, on the basis
of the read conmands, the area-to-area distance detected by the continuity
detection nmeans, and the prereading rules held by the prereagiﬁgsgmygm4
hol di ng nmeans; a prereading area &ecision neans for deciding the position
and size of data to be preread on the disk nenory nmedium on the basis of
the prereading rule decided by the prereading rule decision neans; a

cache nmenory for holding preread data; and a prereading startup neans for
reading the data to be preread, which is decided by the prereading area

degiHet iPAsady aBrt be tdicsk ngeanr yreedicurrraaddistentagwhhehdasa into the
cache nmenory. Thereby, prereading of required data can be carried out in

I eSPONSH Q& L[0H AQUS tedd peereradsohothdabasaseas whécheade separately
| ocated at equal intervals. Therefore, even when data |ocated separately

at cgs?f&{%'ndsi %ttgiﬁé%i $nAkBet @oRRagaNhi BUBYS! YnEeafadibn SUchags hashspl ayback
of data stored on a disk nenory nedium prereadi ng of unnecessary data is

ava %%%’re"é(‘&% YuhRe neacheTeERRY ¢8R he18ihgchiuebydinyi buzed. for
Furt hernore, according to the present invention, a disk nenory device

coupr! ¥ il rYakh 0 ' i QG2 8e SERi 8R0Mednd neans for
hoE%ff%gﬁng%?&%q%% l?ﬁ;b& ¥iakAk OB MBLEPRa8iAF2PR1E 8eSER] n

ng icinfo tion of read commands as information for reading

??tg%r;%%%gi??%gﬁ{éc2{%%32??‘;3%535‘9%“% ubbhChot egde soRIRAgSOAr @at agei ved
on the basis of the 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



detection neans for 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 the read conmands storedZi & 9h2 2004
command history informati on storage neans; a prereading rule hol ding neans
for holding prereading rules for performng prereading of data; a
prereadi ng rul e decision neans' for deciding a prereading rule to be used
for prereading of data, on the basis of the read conmands, the data
prereading direction and the area-to-area distance which are detected by
the continuity detection neans, and the prereading rules held by the

pr emeafsngor uhelohdi his teahs ; iaf qurea teiolt nyf aressd depitsdds gans  f or

deci ding the position and size of data to be preread on the disk nmenory

nedi 4EbrRati B8 basi scafliifedpreraai mipd wre deatidednengyr it eedirar.eadi ng rul e
deci sion neans; a cache nenory for holding preread data; and a prereading

St afzh Uh NBAAS é@:ﬁméﬁ@gll afe thecsliatal froen teyteatkvivde cha icordeigiwiddy by t he
prereadi ng area decision nmneans, fromthe disk nmenory nmedium and storing

t heqdgt @1 84 Omé A€s ﬁ@ﬁh@ef@éﬁﬂg aTheredt i g edleadi nghiafh repreatingat a can
be carried out in response to continuous read conmands for data areas

whi gh gh€s SEParatst Ve pepd @bwdtt, egittlard nifarals-dred hil stactenadtdiah rect i on,
i.e., the direction al ong whi ch the address decreases. Therefore, even

whep, dat a; L osatefl Sepaded ety B paualad GrSERLMME S it emmledd the

backward direction are to be continuously read out, such as fast-reverse
pI WY HREnPL SBb P St OE eﬂ'xé)rl:cﬁmﬂjshﬁ:k hiMRIBYY 1f?ﬁﬁbxlir(atﬁfrermdiama afearsyecessary

data I s avoi ded, whereby

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



the cache nenory can be utilized effectively. Furthernore, according to the
present invention, in the above-described disk nenory device, the
prereading rule holding neans holds a plurality of prereading gUbER; 209ad
when there are a prereading rule decided by the prereading rule decision
means and a prereading rule which $as been enployed i medi ately before the
deci ded prereading rule and, further, the prereading directions of these
prereading rules are the sane, the prereading area decision nmeans deci des
the position and size of data to be preread on the disk nenory nedi um by
enpl oying both of the prereading rules in conbination. Therefore, even
wheint &evabs ain ptisy headkkwepek i e suidre e fuooivet leendumuems 1Y asdck speed
to the just-previous playback speed, required data have al ready been

presgad @ich hes | Bisét-prevems gilaydmok ofpeata wheredy drhe ddgi red data can
be transferred to the host device wi thout the necessity of rereading the

dat ferhd O hd el wth,S Ko Feera g i i fu mnrafderys atriye daphayback cspiesd  hde Hedan
switched to the just-previous speed. Furthernore, according to the present

i nveRd | @dkhd ey e-arlgse nitiad dic e premriyedevi ce further conprises: a
cache nmenory pointer holding neans for hol ding an under-transfer address

i ndi cati pgriherResk,i aBcoenihfet6ache pea®ENt DivélatBomhi th tee currently
being transferred to the host device, and a next 2 - SEP 2004 9 preread

dat g, SO Sipdd Ko ersndidideatiiceg the pesirkik@Aanen rifle hedchiegmenory
where next preread data is to be stored; and a prereading startup -

J ud@emRNth JRANS: fOd G NG MRl dahgN@ules; 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 is

currently being transferred to the host device, and a next



.f)

prereading of data is to be perforned to | eave at |east several bl ocks of
data which have al ready been transferred to the host device, on the cache
menory, by enploying the under-transfer address and the nex f @gﬁgﬂmgata
storage start address which are held by the cache nenory po#ntey

means. Therefore, even when data pbdayback is carried out while frequently
swtching the playback direction between the forward direction and the
backward direction, the data which have al ready been transferred to the
host device just before the switching of the playback direction can be
stored in the cache nenory at the point of tinme when the playback

di rgedioad i Gasai $ cheslge whisaebyaddree s rieadyatriags fdrer gubs iddtom jamstthisef ore
the switching of the playback direction, which data are required for the

pl ayhack hemBey abied ye afdef phereshidathi ig abo blee slcayelclandi mecti on, can be
transferred to the host device wi thout the necessity of rereading the dat a

fr ogdeaath§ks t@rBly Ry emnit-uiddies mMare juaigd oigdiwhg: the rt ke pregssent
|nvent| on, in the above-described disk nmenory device, data in plural

%f@f&mn@r&@%m Cis hay e it falteees Tov el vieadt Qulastn steveradckwar d
direction are stored in a backward-direction area in an address space on

t hg,Gaghe SENRIYa Sthidipthdhe LItk rhhe fédatred So Mhenhaisted.
Therefore, the data in the pl uraI prereadi ng areas, 2 8 SEP 2004 10 which

have. pean SUCCERS| VRlDe RathaH a"'e&rﬂqo@@% kWahd dinRet-itemns farre arranged in
t he cache nenory by conti nuous addr essi ng, ‘whereby the data stored in the
Cache B Prnh S ¥hd e dBNgaed-Labidata 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 deta 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,



Further, when the data in the prereading areas existing on the cache
menory are returned to the host device, the data in the prereading areas
exi sting on the cache nmenory can be extracted w thout being is%inguished
fromthe data in the forward direction. BRI EF DESCRI PTI ON OF ZrESBRAPINGS
Figure 1 is a block diagramillustr&fing an exanple of a construction of a
di sk nenory device according to a first enbodi nent of the present

invention. Figure 2 is a flowhart illustrating an exanple of a
fundament al process of the disk nenory device according to the first
enbodi mrent of the present invention. Figure 3 is a flowhart illustrating

an exdrq evafe deqr eneadissg verlocesadbputhénditbR ReabHorde@i-€8C5&€8rding to
the first enbodi ment of the present invention. Figure 4 is a flowhart
i 11 usta afrdmghge examplee cafchae meowiynbiyt godetisuphenagdsesssnBy t he di sk
menory device according to the first enbodi ment of the present invention.
Fi gure el thdlicgraamtiddeds tinatheg cachexaepbeyotan Hat manggedcearelin a
read command record table. Figure 6 is a flowhart illustrating an exanple
of @udtheSE RmQD4nLL duiter éadithg preaecddtingi enepsoesssthbngt he dhsk nenory
device according to the first enbodi nent of the present invention. Figure
7 i $a2hd a@@hy ldrestrieatirngdancexasphesaf daniaecesheadedai ahokhation stored
in an access area information storage

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



unit. Figure 8 is a diagramillustrating an exanple of a data structure in
a cache nenory. Figure 9 is a diagramillustrating exanples of cache |i st
and cache entries. Figure 10 is a diagramillustrating state t gnPEpi gof
cache entries. Figure 11 is a block diagramillustrating an exXanple of a
construction of a disk nenory devi dda according to a second enbodi nent of

the present invention. Figure 12 is a flowhart illustrating an exanpl e of
a prereading process by the disk nenory device according to the second
enbodi ment of the present invention. Figure 13 is a flowhart illustrating

an exanple of a continuity detection process by the di sk nenory device
accoréitagding 4hea seeorst enodicesy nf e dirdsemtmonyv elstviiee. Figure 14 is
a diagramillustrating an exanple of a data structure in a read command

rectchi@bh@. t & gng er bt endbddimmtards itHeusireatentg iaveacdmpl.e of a
prereadi ng rul e decision process by the disk nenory device according to

the secomd geieodi BNt @f agPempieseptraovagt hanex2nPl SEPE 2804ad@efsgure 16
is adiagramillustrating an exanple of a data structure in a prereading

rul &rd bl 8f o O &n Wfedrfe® ifd QMChRYdedd lausla difegman iexasgbeaoe a
prereadi ng rul e pointer updation process by the disk nmenory

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.



device according to the second enbodi nent of the present invention. Figure
18 is a flowhart illustrating an exanple of a previous rule application

j udgenent process by the disk nmenory device according to the seco g

embodi nent of the present invention. Figure 19 is a romchart?iBIg Pr 20éng
an exanple of a prereading area degct sion process by the disk nmenory device
according to the second enbodi nent of the present invention. Figure 20 is a
bl ock diagramillustrating an exanple of a construction of a disk nmenory
device according to a third enbodiment of the present invention. Figure 21
is aflowhart illustrating an exanple of a prereading process by the disk
menory deuvigefeaqeoned B9 diddidaen itihiuse refiadi aBNkxahpt Be ofir @saatai nventi on.
Figure 22 i's a flowhart illustrating an exanple of a prereading startup

J UJGERBNE 1 PE OLESS Pe tdah$kriBEDFAbTIEVI Ce  according to the third
enbodi nent of the present invention. Figure 23 is a diagramillustrating an

exanpl e @ @ datiy ist UELWERKaR 12 19aGRe rABMBEY aROEREAD1 St BFage unit. Figure
24 is a diagramillustrating a data structure in a 2 SEP 2004 13 cache

TeNDi e RESHg M T EEM R IR NN et ik henfddnei nafter, a

di sk nmenory device "according to a first
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



enbodi ment 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 nenory device according to the first ezﬁgdgggnﬁ %f
the present invention. In the figure, a host device 1 outputs r 00
command for reading data recorded it a di sk nenory nedium to the disk
menory device. Further, the disk nenory device according to the first
enbodi ment of the present invention conprises a host I/F unit 2, a cache
hit judgenent unit 3, a continuity detection unit 4, a read conmand
history table 5 as a command history informati on storage neans, a

pr ereatd ngeneo@a deci sion unit 6, a prereading startup unit 7, a disk
transfer unit 8, a head structure 9, a cache nenory 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 inspection as to whether data

corgEspoubimard XAt T atir gpvantIomhi ch is received fromthe host device
1 through the host I/F 2, exists on the cache nenory 10 or not. The

COodnydditmerdetiection unit 4 cal cul ates an access 2 8 S E P 2004 14
direction along which data prereading is to be carried out, by enploying

the histgeyephatead, CONHRIRSMEHOF fAiéW ddead i Doymench hisdory table 5
which is a command hlstory i nformati on storage neans.

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



The read command history table 5 as a command history information storage
means holds the historic information of the read commands transmtted from
t he host device 1. The prereadi ng area decision unit 6 deC|d ég position
and size of a data area on the disk nenory nedi um where pre ﬁ% W4 to
be carried out, on the basis of tha4ead 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
prereadi ng startup unit 7 instructs the disk transfer wunit 8 to read out
data in the. data area to be preread, which is decided by the prereading
ar ea; deet sbANaUBhY Bhifnomatdeprk skadimpuiy nediegamnicedtorte thie read data
in the cache nmenory 10. The disk transfer unit 8 outputs the data read from

t hee%§gy1 MERY WESEOAYt BF Obghd t etk S$tramddirin S he acdde cavtandrenory
e ca e nenory 10 holds the preread data. The host transfer unit 11

”aﬁﬁ@éﬁ vt g tat 8 iepehf1om tdeumalickiermry irettimatlilon totdtmyeost devi ce
rough”the host 1/F wunit 2. The cache list 12 holds the list of the
datg.siored in the 2 3 SEP 2004 15 cache menmory 10. The access area
information storage unit 13 holds information relating to the access area

on the diggk TR VJFRGHIhi SM-Gh 1883 eacCcagsad catimbhe Rievbeys prereadi ng.
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



Next, the fundanmental operation of the disk nenory device according to the
first enbodi nent of the present invention will be describe% Wiéénr &ﬁrence
to a flowhart shown in figure 2. On receipt of a read co d frob e
host device 1 through the host I/F unit 2, the cache hit judgenment unit 3
searches the cache list 12 to checkswhether the requested data exists on
the cache nenory 10 or not, as the fundanental process of the reading
operation (step S1). \Wen the requested data exists on the cache nenory 10,
the host transfer unit 11 transfers the data on the cache nenory 10

t hrough the host I/F unit 2 to the host device 1 (step S3). Wen the
reqeashed ndalcxydaes not exist on the cache nenory 10, the disk transfer
unit 8 is instructed to read the requested data fromthe disk 11 through

the head $f&UgtEs €5 % 0oy O A erkdcheh dimige Mhilstiep Hd)ds and
si mul t aneously, the host transfer unit 11 transfers the requested data

thrQHQQIﬁB%i%ﬂStreh/aEngieEoZthe atbesBogtedeyhcend GstRPuSRriextédithe data

prereadi ng process to performed simultaneously with the above-nentioned

fungament gk PLecesSelYatt PRe dbSKyIBHES yraeyhgenyi || be described with
refggggge%%g FigureeS.aZ 6 %EE 2804 1656%ile ex%guting t he fundanent al

process , Naige begniaiancr Redorpldy idio die dil nahardrys e den 11 gur e
2, the contirnuity detection unit 4, which has received the read command
from tRe40agt cdevheerirLBr oiigbainenbost LAE YRELert aldvénei SRORELL
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.



hit judgenent unit 3, perfornms a continuity detection process for

cal cul ating an access direction value indicating an access direction, on
the basis of the position of the data area which was request ngEphgﬂ@pst
read command that is stored in the read command history table*5 as a
command hi story information storageg nmeans, and the position of the dat a
area which is requested by the present read command (step S4). Next, the
prereadi ng area decision unit 6 perforns a prereading area decision
process for deciding the position and size of a data area on the disk
menory nmedi um where prereading is to be carried out, on the basis of the

posi ti onyaRdeSkzecat iherndat@nddfen ¥l GhrdSe s eouestiechary Hdwen present read
command, and the acceSs direction value detected by the continuity

detfatd 'B%Hﬂ plﬁgﬁ%. RhedkioNexhrtt BRoRhes gadi gAret 8ft YReUnit 7 searches
the cache li1st™ 12 to check whether data in the prereading area deci ded by

‘h . . e > .
(s?égﬂég§ﬁﬂg&gﬁﬁgﬁgﬂé%e%hgkogﬁth&Cﬁ gx5stecenvthetpachkeanesbinmadl or  not

ata In e prereadi ng area deci ded by the prereading

ar 64 Hehl HLNidey OGS tRAbYEKI EheORoLRCTPRCHA] cMBMBAY e Ehener ereadi ng
startup unit instructs the dirsk 2 8 SEP 2004 17 transfer unit 8 to read

the 2t dglyd it REgieadi Ba-2beRsdacLdndinycyhac-pectead! paoaess goei sion
e y perfor g prereading of data (step S7). After the
P Rty iy 4R Geckls oRLEEERBhGa2hE" 1HA:EREIng BATREEEEsE Process of
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



cache list 12 which shows the details of the data existing in the cache
menory 10 (step S8). On the other hand, when the data in the prereading
area decided by the prereading area decision unit 6 exists on S

menory 10, the data prereading process is ended. The above-nent?gﬁ éﬁﬁgigé
prereading process, i.e., the step 1pf deciding a prereading area and the
following steps (steps S5 to S8), is repeated until a new comand fromthe
host device 1 is received, thereby proceedi ng the prereadi ng of data.
(step S9). Next, the continuity detection process by the continuity
detection unit 4 in step S4 shown in figure 3 will be described wth

ref %Esﬁeﬁekouﬁwuae%o%aad BreFhgtaeid tBeapiépyedang dpsaedpthdadng the
operation of the continuity detection unit 4 of the disk nenory device

accagdtﬂg FQrEQ 1Bbr§}e§”@QQi§?8ﬁ @it he, presesby i pevefdimingand figure 5
exanpl es o read conmands stored in the read command history table 5.

Coh#aﬁgé%dlﬁg oEOH%FQUEEV%ﬁeé¢Pt'OﬂfHBtttﬂepﬁféﬁéﬂalﬁgdétlQatapfthhe r ead

Istory ta is updation is carried ouf as follows. In

fi 9§£§r afnhstake ag ghee ﬁegéir?@ﬂa@f olesd Sofaipditand aske but - one read

are tor C a last read 2 8 'SEP.2094 18 area size Bis set at a
| ast 5#% %Sﬁ‘ Sh s kné QLESENY of eaaﬂe a4 £ "oars 5864 On Nohe G i S
set“@ rea area hea sect or . A a present read area size His

igﬁ?%é%the?%§§§o gagstgﬁegeflze B, a head sector No. of a read area

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



t he read command received fromthe host device 1 is set at the present

read area head sector No.G a read area size corresponding to t&e ﬁﬁg@
command received fromthe host device 1 is set at the present2r a%Ear 4
size H and a present access direction value | is set at a |l ast access
direction value E, whereby the read command hi story tabl e updati on process
is conpleted (step SIl). Next, the continuity detection unit 4 conpares
the present read area head sector No. G which is received fromthe host
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

ti nBredheipecpsssdieecst o 1sstFisiiicades byad hivwar sidiegil,S,a gnebsedt i s set
as the present access direction value | shown in figure 5 when the access

di residogrés hb8d s6&ver didlj recis onewhit ecied"1dsx sefacdisardie healdie | when
the access direction is the backward direction (step S13 or step Sl14),

whes ebyot NGo CORY | Aubtysdlet Bedd @ REHCESSe i15 iGONtetad tHeXtas tt heegat er eadi ng
area decision unit 6 decides a prereading area sector No. which indicates

a Posdd i 9N, 0Nl he KESK sy WABA#IM WRelE d1e G dondiageacst art ed,
and a prereading area size which is the size of data to be preread, on the

basipe 2 PEcFnkPd A& Ofvdder st Hpad raRehaad sseeoratNaneand the
present read size which are requested by the present read command, and the
acGRSS ¢ eCL4 PNy V& Uk ALTRCIHES b Id1e £ Wi datrction unit 4.

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



Hereinafter, the prereading read decision process by the .prereading area
decision unit 6 in step S5 shown in figure 3 will be described with

reference to figures 6 and 7. Figure 6 is a flowhart for explainqi t-hg;
operation of the prereading area decision unit 6 of the disk 2éﬁ§§§)&@§?ce

according to the first enbodi ment @b 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. Q which is the
head sector No. of a data area on the disk nmenory nmedi um where the | ast

preg eachd o raseeereadeided Mhd 3¢ Acendarta przeeRtwhiead is the size
of data preread by the. last prereading. In figure 6, initially, the

pres £AdI g & efr&ad fil it diNidy GheCpRekenthethar commaatl, t Radpraeeadi ng
direction value detected by the continuity detection unit 4 is "1"

| ndi Gatd NG5 84 OF 8 & i Gt tREC 835 thet epn®2hhi tPhaetbheiphenaadi ng
\'

direction value is "1", the access area size Ris added to the access area
hegd sector No. Qto calculate a prereading area sector No. (step S22).
When the prereading direction value is "0" indicating an. 2 8 SEP 2004 20

Cackuer dhSgpos iobgsner RbaBly SHUPUIRE SRS aced s sutuiact o {1 om
No., (B 1305 ar NI 1128 Y G2 igNgnaL@RpS 86t QhohA- 1hsreghed! 8t adifistep S22
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.




or step S23), the prereading area decision unit 6 updates the access area
head sector No. Q stored in the access information storage unit 13 to the
prereadi ng area sector No. which is calculated this tinme, and e
access area size Rto the present read area size (step 824)_2¥£gﬁﬁeﬁmﬁb
prereadi ng area decision unit 6 outggits the cal cul ated prereading area
sector No. and the present read area size (the prereading area size) to
the prereading startup unit 7, thereby conpleting the prereading area
deci sion process (step S25). The prereading startup unit 7 searches the
cache list 12 to check whether the data indicated by the prereadi ng area

sechekrM9rd-aRdebReoR! 8EEALE NOLIRE 6Fr St &&d i LheArs Autputd ed from the
prereadi ng area decision unit 6, exists on the cache nenory 10 or not.

VV‘eEuBJEfaEEéﬂgJ?ngIHSEHQ 9@&52505&51%@&@4@&%@;@e@ﬂimc@taﬁéLao unit 7

instructs. t trans unit 8 to read the corresponding data which

i's F§89%§§9n naEEQ dLskoPegnr Y , wgp3and indicated by the prereading area
or . and the

sec prereadi ng area size which are outputted fromthe

prereadi g, af ¢he (AL AL, skBELEb)oReL LOLAL Ag1REECAdEEg gbodata.
a i ng of

Furt her, er the prerea ata, the prereading startup unit 7

ROl PeRSASIR I, A sTLete 4 Mpitis, 1R, 57 So0n
| eacOf 8 FEATDPLA LU o | GIID B AU i |1 LIS
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
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



i medi ately preceding read command and stored in the read command history
table 5 as a command history information storage neans is conpared with
the area which is requested by the present read conmand, therghy Eﬁciding
the direction along which prereading of data is to be carriéﬁ ogtl 2004
Therefore, even when data are to bej continuously read in the backward
direction, i.e., the direction along which the address decreases,
prereadi ng of these data can be carried out, whereby continuous readi ng of
the data in the backward direction can be carried out at high speed. Next,
a method for storing the data read fromthe disk nenory nediuminto the
ca Ry 10 AYeddhe disk menory device according to the first

enbodi ment of the present invention will be described with reference to

figures 8t 0nl0ocREQUREN] | SngndLRgr gt ELLYSIE A Matdectioragersi at es of

the cache menmory 10 in the case where data are Stored enploying the

' {: et h h t
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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



preread data D1 (LBA 4700 - LBA 4799) and the backward-direction reread
data D2 (LBA 4600 - LBA 4699) is LBA 4799 and LBA 4600, wheréb{ SEP 2004
di scontinuity of data occurs. This discontinuity will occur anong al
areas. In order to solve this problem in the conventional data storage
method, it is necessary to form fep 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 invention, the data in the plural prereading
areas, which have been successively read in the backward direction, are

SUGGRSSIM Ya St edhd phAdte Rpewar ¢idi Hect ian aneas Brkhe address space on
the cache nenory. That is, the backward- direction preread data D1, D2, D3,

an i f L d--di Ciyl he dat a
g Iegafesgtﬁiygﬁdnfée% \ﬁ]ﬁe@ efe befoLed ggrte%"c‘i’%h ~dbhechEea qas

(the Ich the nenory address decreases). In this case,

da4SLAA0G | oh S LT S0 Hahote adbiguadany hebugen . the

backwa ectl on prieread data - LBA 4799) and the
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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.



for every area, in contrast to the conventional data storage nethod. As
descri bed above, since the data in the plural prereading areas, which have
been successively read in the backward direction, are stored Qngt Ep
backward-direction areas in the address space on the cache nenory So %Wét
the continuity of the data is naipgained, the data in the plural
prereadi ng areas which have successively been read in the backward
direction are arranged in the cache nmenory by conti nuous addressing,
whereby the data stored in the cache nenory can be easily nanaged.

Further, when the data in the prereading areas which exist on the cache

IMe MY & B Er o Stdl R0 itthe kst devi edel dalthe sdatradi Ant hke paeheadi ng areas
whi ch exi st on the cache nenory w thout being distinguished fromthe

f ora A e drP bl ot a6l b6 exlah gq&l@don&lyr ther FBRE, 188 shown in figure 1,
the processes of the cache hit judgenent unit 3, the continuity detection
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unit 7 are perforned by a 1, and the read command history table 5,

th%a%%%h%m&k&&-l%ndaa@ tRendecasseakaryl RLOEBRM ANnsl,OLa8Re HAkEy13 are

arranged on a RAM 100 which is readabié and witable fromthe U 1l01l. 2 8
SE%O%OQ%eﬁé'gqggd'EﬁnEogtrﬂgEe%BaEh@rcoﬁv@hﬁkoﬁﬁﬂ083t99¥t6§a gcording to a
second iment of the present invention wll be described with

refeneage to figures 11 to 20.

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.



Figure 11 is a block diagramillustrating the construction of a disk
menory device according to the second enbodi mnent of the present invention.
In the figure, a host device 1 outputs a read conmmand which ih§t BEEt 84f4he
di sk menory device to read data recorded on a disk nenory nmedium Further,
the di sk nenory device according togihe second enbodi ment of the present

i nvention conprises a host I/F unit 2, a cache hit judgenent unit 3, a
continuity detection unit 16, a read command history table 5 as a conmand
history information storage neans, a prereading 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 cache list 12, and an
acce Oagﬁ@nganrnation storage unit 13. The di sk nmenory devi ce accordi ng
to the second enbodi nent of the present invention is different fromthe
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comand t requests data locatéd in the backward direction (i.e., the
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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



The continuity detection unit 16 cal cul ates an access direction along

whi ch prereading of data is to be carried out, and an interval between
areas fromwhich data are to be read, by errpl oying the history »f Bﬁz{a?dzgg.;
commands stored in the read command history table 5 as a conmand history
information storage neans. The prergading rule decision unit 14 decides a
prereading rule to be used for preéereading of data, on the basis of the
read command, the data prereading direction and the area-to-area interval
whi ch are detected by the continuity detection unit 16, and the prereading
rules stored in the prereading rule table 15 as a prereading rule storage
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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.

7) 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.



necessary. The di sk nenory device according to the second enbodi nent of
the present invention perforns a data prereading process as follows, while
executing the above-nentioned fundanmental process. Hereinafter? §hBEBag(gi
prereadi ng process of the disk nenory device according to the second
enbodi mrent of the present inventioggw |l be described with reference to
figure 12. Wiile performng the fundanental process described with
reference to figure 2, the continuity detection unit 16, which has
received a read command fromthe host device 1 through the host I/F unit
2, perforns a continuity detection process for calculating an access

di rect i onrRAOf Y A4 0P Qfe dNIGH e ARk MBMORGSHSVALet Becpedlihigon of
the data area which has been requested by the |ast read conmand and

recepdefel BebhRdr Aod SABHBNEENERE Op ¥e & @bt & (st forf GNETRIb At 440 o
information storage neans, and the position of the data area which is

reqygst ednR¥meh P81 PHESEBL s 620t RONABLE HASIER, FReWicd\BidaoddinPres eadi ng

rul e decision unit 14 perfornms a prereading rule decision process for
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basis of the access EP 2004 27 direction and the area-to-area interval

Whi ¢DraEERE : gﬁ' ?%&Qré)yz 108, C@ﬂ%f%féﬁ AeLREH QN diidritfhi ANd 4 hprdat a

area sl ze request ed s tinme (step S32). The decided prereading
rul g lsssst9red in the prereading rule table 15 as a prereading rule
st orage neans.

The disk memory device according to the second embodiment of

?V) 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 prereading area decision unit 17 decides a prereading rule to be
applied to prereading of data by performng a previous rule applloqﬂi%@
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deci si on process for deciding whether or not prereading of data 4
carried out in conmbination with a previous prereading rule which has been
enpl oyed before the prereading rulees to 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 heqcaghei b Sind 12hé 0a edectoWhedd et datwhildn t4e prareaditegl dwa deci ded
by the prereading area decision unit 17 exists on the cache nenory 10 or

not + { St &P 1S3 1 t Yhedt d el slatinith tdie aHEererdiqg Araedesidedmie hies
prereadi ng area decision unit 17 does not exist on the cache nenory 10,
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the data in the prereadi ng area decided by the prereading area decision
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the prereadi ng of SEP 2004 28 data, the prereading startup unit 7 perforns

up i Pl de . cache list 12 indicating the details of the data stored in
th&%a er%ennry 10 (step S36). on the other hand, when the data in the
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rule to be applied to prereading of data by performing a previous
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
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



cache nmenory 10, prereading of this data is conpleted. The prereading area
deci sion process in step 33 and the follow ng processes are repeated until
the di sk nmenory device receives a new conmand fromthe host gegi 33

wher eby prereading of data is proceeded (step S37). Next, the contin 4@9
detection process by the continuityygdetection unit 16 in step S31 shown in
figure 12 wll be described with reference to figures 13 and 14. Figure 13
is a flowhart for explaining the operation of the continuity detection
unit 16 of the disk nenory device according to the second enbodi nent of
the present invention, and figure 14 is a diagramillustrating exanples of

readaea)meRES pebeeading thartnpagncenmapdr hbahorypdablen of Ithidial ly, the
continuity detection unit 16 performs updation of the read comrand history
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C, aalRstmbRBdyaiga(stég B3kp.set at a last- but-one read area size D, a
present read area head sector No. G is set at the |ast read area head

sector Ngyp And ieseadeadine tie Ra4804n22har preseabillgl aregt at the
| ast read area size B, a head sector No. of a read area corresponding to
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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



present access direction value | is set at a |last access direction val ue E,
and a present area-to-area interval. J is set at a last area-to-area
interval F, thereby conpleting updation of the read history tabd 5B (¥0ép
S46). Next, the continuity detection unit 16 conpares the present read
area head sector No. G which is reegi ved fromthe host device 1 with the

| ast read area head sector No. A which is updated in step S41 (step S42),
thereby calculating an access direction. At this tinme, the access
direction is indicated by binary digits, and "1" is set at the present
access direction value | shown in figure 14 as an access direction

' ndéf(?’gl' ?ze val ye when ¢ hg, access I disd e fomeard sdictest en whil e

"0 when the access direction is the backward direction (step $S43
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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.




according to the second enbodi nent of the present invention, and figure 16
is a diagramillustrating exanples of prereading rules stored in the
prereading rule table. Prereading rule entries WOto Wb constiQL@eSEané@@%lp
of prereading rule entries which are stored in the prereadi ngrul'e t e,
and each prereading rule entry is cggposed 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 flag indicating that the
prereading rule is updated, and this flag indicates that the previous rule
exists at the sane tinme. It is assuned that, as a binary digit, "1" is set

when the nekef eegeé gﬂréﬁéﬁdiﬁg upelpd etk W gn "Wrodds Saly Wirh e qicimeadi ng

rule is not update A prereading rule pointer Uindicates a prereading

rul g QR RecWRieR LB iguLzeRt! _ﬁt@%prY_eg_hohﬂ therfhovehaptyof1fhgure 15, the
prereading rule decision wunit 14 initially deci des whether the read

comRid,y ; WakCH; RAS rkeeBnEHPRL! 8dghted 15 h@sigdevice 1 to the disk menory
device, matches the present prereading rule or not. To be specific, the
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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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detection process (refer to step S45 in figure 13) matches the prereading
area-to-area interval Y of the current prereading rule which | inted by
the prereading rule pointer Ustored in the prereading rule tg§ﬁ§%¥22mﬁ
(refer to figure 16) (step S52); and whether the present read area size
which is received fromthe host dgyice 1 matches the prereading area size
Z of the present prereading rule which is pointed by the prereading rule
pointer U stored in the prereading rule table 15 (refer to figure 16)
(step S53). Wen all of these decisions (steps S51 to S53) are "match",
since the present prereading rule can be applied, the present prereading

rulgrdce APNrieadrasd s teps WaBheut beungnchiagged. 180 maecbébethband, based
on the decisions (steps S51 to S53), when It is decided that the presently
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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



recorded in the read command history table 5 (refer to figure 14) (step
S55); and whether the present read area size which is received fraomthe
host device 1 matches the last read area size B which is recorded 9aF (2084
read command history table 5 (refer to figure 14) (step S56). Wen all of
t hese decisions (steps S54 to S56) gee "match", the prereading rule
pointer Uin the prereading rule table 15 is updated to a new prereading
rule (step S57), and the present access direction is set at the prereading
direction value X of the prereading rule entry pointed. by the updated
prereading rule pointer Uon the prereading. rule table 15 (step S58), the
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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),




continuous data fromthe present read area is nmade to the prereading rule
entry which is pointed by the updated prereading rule pointer U on the
prereading rule table 15. That is, the present access directi &8vaEfe2004
(steps S43 and S44 in figure 13) is set at the prereading direction val ue
X on the prereading rule table 15 gstep S62), "0" is set as 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 prereading area size Z
(step S64), whereby the prereading rule is updated to conplete the
prereading rule decision process. In this case, updation of the prereading

rul ghopdati eaattagnd op the peelepshadis uhmidraben1p simcead married out.
Furthernore, while the prereading rule storage unit 15 of the disk nenory
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present invention is not restricted thereto, and the storage unit 15 may
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I NVEN L Hhous data from the present read area 1s made to the
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



The prereading rule pointer updation processes in steps S57 and S61 are
processes for advancing, by one entry, the prereading rule 0|né§g ﬁ@lch
points the present prereading rule entry in the prereading rube

group constituted like a ring buffer, and these processes are identical to
each other. In the prereading rul e3goi nter updation process by the
prereading rule decision unit 14, initially, the prereading rule pointer U
on the prereading rule table 15 is increnmented by 1 (step S571). Next, the
prereading rule pointer Uis conpared with the maxinmmprereading rule
entry nunber, which is 5 in figure 16 (step S572). Wen the prereading
rultigorait®¥.U is larger than the nmaxi num prereading rule entry nunber,

"0" is set at the prereading rule pointer U (step S573). Next, the

previ ous Mivhereadpl icat diodebiasitofiopr erpisinnhgchhei suilacpudatdern t he
prereadi ng area decision process by the prereading area decision unit 17

I N WwidgtiSA3 shevwss by gy eprEreadiinld rvd edeleeriishec wirdilt rief erferides t o
figures 16 and 18. The previous rule application decision process ains to,
evell s Wikimdihe datice| aydiack repeard the changed embomiiles tpreeS aie pl ayback SEP
2004 35 speed to the just-previous playback speed, perform prereadi ng of

r eqigsRth tatraratt #d¥e. changed pl ayback speed, and this process enables
transfer of required data to the host device without rereading the

requi r edrdat Erfeﬁ:@ﬁuih@ disk peORtYr "Bpda @ tefotdese | aybackpspssd is
changed to the just-previous playback speed.
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



Figure 18 is a flowhart for explaining the previous rule application
deci sion process by the prereading area decision unit 17 of the disk
menory devi ce according to the second enbodi nent of the preEéh&ﬁﬂh%mgglon
Initially, the prereading area decision unit 17 specifies a prereading
rule entry pointed by the prereadigg rule pointer U anong the prereading
rule entries WO-Wb on the prereading rule table 15 shown in figure 16
(step S71) The following description will be nmade on assunption that the
prereading rule entry pointed by the prereading rule pointer Uis W.
Next, the prereading area decision unit 17 perforns a prereading area

derﬁéea phoeRss jhot-gesribng pheypask tigsedndpesicitn Preardiatingren on the
di sk menory nedi um where prereading is to be carried out, on the basis of

the pgei adi AEthULE ERECERAREed PN SH189cISTdpedd, € .and tH &Y Qﬁ.didf@ssdl rection
value Xi, a prereading area-to- area interval Yi, and a prereading area

Si Zenzmé§t EParrd 22 r NeXt rediberdd eipfadi 9 BenddacicvhidiRirnbhtdeci des

whether or not there is a previous prereading rule which has been

e”pieyegdpﬁ%%ﬁet he ﬂeé&rﬁahya erRirPYiak RIA ey WeRiiand athat hafe the
prereadlng |rect|o the previ ous and present 2 8 SE P 2004 36 rules

ruI u%éda(??f)%p%g%g{%h € preregig’l[ n? %ﬁ%vb Erﬁaévﬁgtp%&[ ﬁgdl "
ror s v gy o eynebufl Wit sl cobbpsplEione ol oy e
F”(%ﬁﬁﬁkégkféﬂEﬁé%&éﬁbﬁMBfHEess 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



has recorded just before the prereading direction value Xi (step S73).
When a previous rule exists and the prereading direction of the previous
rule matches that of the present rule, since prereading of dagaqigsmyajﬂmed
out enploying the previous rule, a prereading rule entry whic S

i mredi ately before the prereading 3mule entry pointed by the prereading
rule pointer Uon the prereading rule table 15 shown in figure 16 is
specified (step S74) Next, the prereading area decision unit 17 perforns
a prereading area decision process for deciding the position and size of
a data area on the disk nmenory medi um where prereading is to be carried

out r; 085t 8L BASHS Mbt | hec@sed gl thy whdtthapent friced “1'h &t egetSAL, tihee., the
prereadi ng direction value Xo, the prereading area-to-area interval Yo,

andp L 0ee PSR GAFIDE @&R SbEer1Lp diStaRe Fhoreddiry millertadlee I emeadi ng
area deci sion process perforne by the prereading area decision unit 17 in

St ePSe Her 2PHe YPers ik fd O dh Bamid Ixiberdeser bedewtithgr eikeence to
figures 7, 16," and 19. 8 SE P 2004 '37 Figure 19 is a flowhart for

expég{%*r%oig@e@r%e@% NSl &F S 1 P GhBl O PITRGAS U s tdieprtereeadi ng ar ea

decr si nit 17 the " di sk nenory device according to the second

?H%ﬁgf@gﬁiﬁﬁ é{fbciﬁéﬁm¥glﬂéﬁﬁnbko@heaQQeEEgd&ﬁg7rhieaedtﬁgr&chh

rating”an exanple of access area information stored Iin the access
ar6&s recorded just before the prereading direction value X1 (step

S73).

;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.



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 disk nmenory nedi um where the | ast prereac&(@g ﬁ,s Eﬁen
carried out, and an access area size R which is the size of a§ rg by
the last prereading. In figure 19, ghe prereading area decision unit 17
decides a prereading area sector No. and a prereading area size of an area
to be preread this tine, 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
rul e appl F¢ghi-en19e¢5ShOR1BERESE, foaNdxbei RLEESEhar e headisgcaneaNo. Q
and the accéss area size R which are stored in the access area storage

uni hoyn, o | @4 &ne Prididdadling dirke Beereadhngnateavded shen unit 17
dec}d i:éiﬁmhet hfgr?:eoé;é %{ t he ldpr er ead:mr?g direction value X is "1" indicating
an %&%%S%eln[brbﬁ%iefﬂrd@ara%daﬂd%fg e (3eRS84H. eMBEAiMBALPBEr €adi NY
direction value 1s "1", the acCess area size R and the prereading

ar ea;tQ-.anea | i i dtqs Lhaiageansiaigathgadngeahor No. Q
t he é%%egglgﬁbg%&%§9+h§n§{gl Eq% 2002 38%5rgread%ng area sggfor No. (step

Sszgxaﬁgﬁ% e Relead i ida®R oYal¥ered i "th@dhgéégggaﬁﬁa access in

t he 'ne ive direction, the prereading area size Z an t he prereading
area- Lo-ar interval Y art btr m-t hepacecess sagahead sector
No- 2B SRt ae oS as 10T A pr readige v CheSERES LIRS

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

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



area sector No. (step S83). After the prereading area sector No. is

calcul ated (step S82 or step S83), the prereading area decisi gngubfip J004
updates the access area head sector No. Q stored in the access |nfornat|on
storage unit 13 to the prereading area sector No. which is <calculated this
time, and enters the prereading aré8 size Z at the access area size R
(step S84). The prereading area decision unit 17 outputs the cal cul ated
prereadi ng area sector No. and prereading area size Z to the prereading
startup unit 7, thereby conpleting the prereading area decision process
(step S85). The prereading startup unit 7 searches the cache list 12 to
chegpkewbetihay theadatatowhiich (stéemds&ared by the prereading area sector
No. and the prereading area size outputted fromthe prereadi ng area
deci si on wird the mEedrsdsdiony tdierecadoa vedmey 150 041 indi caWiey @he
correspondi ng data does not exist, the prereading startup unit 7 instructs
t headibskst iansher neghtidet @i recaion hetitdatprd e ciate e tdizer2raadli ng ar ea
sector No. and the prereading area size which are outputted fromthe

pr efﬁ@dpﬂgréé@ﬂn dgeégt-ob-ahéd intedel ebyaferdulsttaig: qu efrsani tige of dat a.
After SEP 20%4 39 the prereading, the prereading startup unit 7 updates

theaé@@@@ atbsthd2at 9cco8pl B e ¢ hecrdat b predieadi giny ages prdeddingt her
hand, when the corresponding data exists, the prereading startup unit 7

perggggssgégéga@bng(gieﬁegg3ﬂata Since the storage nethod for storing the
data read fromt 7
After the prereading area sector No. is calculated (step 582
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



di sk menory nediuminto the cache nenory 10 by the di sk nenory device
according to the second enbodi nent of the present invention is identical

to the data storage nethod which has already been descri bed iqiéﬁﬁﬁ Bﬁgst
enbodi ment enploying figures 8 to 10, repeated description i 2
necessary. As described above, the 3 ea which has been accessed by the
just-previous read command stored in the read command history table 5 as a
command history information storage neans is conpared with the area which
is requested by the present read comrand, thereby deciding the direction
al ong which prereading of data is to be carried out. Therefore, even in the
casehwhptereddinagar ehé¢ opberdsadihg uctcasisiyelryi t 7 tuyed ek waral chalect i on,

i.e. the direction along which the address decreases, prereading of these

dat ai sanlpet 6attimpele balt thavhd ebyp cordd dita praessiag of these data in the
backward direction can be perfornmed at high speed. | Further, the
prereadi g rHee dthedehand, netehy tdet eetriragpbhdiagntbnei eyxietst heheead
commands, and the position and size of a prereading area where prereading
of gatveising® Hearas adi®vul poraeies PhakLiddhebasd:a efatde prereading
rule, whereby it is SE P 2Q0 40 possible to perform prereading of data in
response gti@ @O RhleNd@YTageend taoAMaEBesstekifdgt ahar aasaWhbeh aremseparately

| ocated at equal intervals. Therefore, even when data | ocated separately
at qeadhehdtt @ e Surdligh D 1 GAEHN WRIARIY, NeAGy HHeh BS hRRdat a
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



stored on the disk nenory nediumare to be played at high speed,

unnecessary data are not preread, whereby the cache nenory 10 can be
utilized effectively. Furthernore, when there exist the prereadlng rule to
be enployed at present and the prereading rule which has been mpﬁﬁﬁegm4
i mredi ately. before the present rul ggand, further, the prereading
directions of these prereading rules are the sane, the position and the
size of an area on the disk nmenory nmedi um where prereading of data is to
be carried out are determ ned enploying these prereading rules in

conbi nati on. Therefore, even when the data playback speed is swi tched from

t he gRises@Nle RlA 5P @R rel@ihe oifusiatRr Wi edspBhakbaekcspeeduotequi r ed
data have already been preread at the just-previous playback speed,

wherghy t:%ma&l%wfro%d d@%taaa@r@'asbﬁhﬁbﬁnﬁ:@r cefatorbhe heshtdgvhee Wi thout
rereading the data fromthe disk menory nmedium after the playback speed is

sw bghgd Latkheaidst - @ﬁ%%@&%&ep|%%@%P%h%&@%ﬁtaTﬁ%c%E%ﬁe%@b@&a@%@% deci sion
unit 17 of the disk nmenory devi ce according to the second enbodi nent of

t heeppgsehcckouaat kod dechdesohhiehshady POLapr SheRdhag,AbRULGRe carried

out enpl oying the previous rule in conbination Wt e present rule.

tbkeastﬂeebéeglgﬂaﬁemasgeﬁga QmSQP? g bﬁecéiégég oyt %ﬁ §§%%3N'41

oylng rul es erea ing o ata i rrle oyi ng both

o SHESEEEESPL Bstentlohetohectots sipodkon L Mbegl segoty s
Prepgagt ig; LULCe £ FOVEYGL1 vt he
fﬁ) 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
fj) 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



present invention is not restricted thereto, and the prereading area
decision unit 17 needs not performthe previous rule application decision
process, and prereading of data may be performed enploying only the
present prereading rule corresponding to the present read coprgn8EP 2004
Further, the continuity detection ynit 16 of the disk nenory device
according to the second enbodi nent 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

decdfieth Pind hene BBS¥eadi NG I Wre rdeEisig0R UAktalds Haweved, oulte present
i nvention is not restricted thereto. The continuity detection unit 16 may

detget) Ay IS ISR -ty §Ra driit -\l ahingh rli$ e@BolrPbeb¥ati gl tdata to be
prer a&%ﬂﬁﬁ% prereadi ng g% dat a %&& gg ca?rfedeout us?ng thg result of the

det, g6l 0 s Mt e Pasigntfa e e 3dvigus! vhieedRpidadnly bBenprereading
rule decision unit 14. Also in this case, prereading of data can be

ef férﬁjl%}tdéac%/ Qﬁféﬂ s JeeL 3 prx%%@%sgrteeegemhpnuamg.re%m@ﬁn%em ch

require ocate separately at "equal 1 nfervals. Furthernore, as shown

" . o d1S Y 9508085 rQleeir1er2a0 HEREED 2Ad EACTErBLEabdAgerent LWL

e continu tection uni the prereading rufe decision unit 14,
AR08 150 e YO phEsoBhipBeeneg aguster Lo i T
Ca%&%l&%%%i%% decision process, and prereading of data may be

!T) 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



the access area information storage unit 13, and the prereading rule table
15 are arranged on a RAM 102 which is readable and witable fromthe CPU
103. Enbodi ment 3. Hereinafter, a disk menory device according td & SU¥ ndgs
enbodi ment of the present invention will be described with reference to
figures 20 to 23. Figure 20 shows a¥ exanple of a bl ock di agram
illustrating the construction of a disk nenory device according to the
third enbodinment of the present invention. In the figure, a host device 1
outputs a read command which instructs the disk nenory device to read data
recorded on a disk nenory nmedium Further, the disk nenory device according
to €Achehhil Jedgenereninbt fheth? eSemtinyiientdedre okt iwekst al hosthe / F unit
2, a cache hit judgenent unit 3, a continuity detection unit 16, a read
conpapteadtror yuiabiiecss ken airbimbhd Hhstprerdadigrneieon deatiife neans, a
prereading rule decision unit 14, a prereading rule table 15 as a

pr eveddi hg, raned therpegrendineg st prieveatiing 7arre® deginieah i tbyla a
prereading startup unit 7, a disk transfer unit 8, a cache nenory 10, a
hosEP¥ r bl f exndinfhe gad OMnBEE hyt iy dwadtie 15,stthk2 carheaddess It ea
information storage unit 13, a cache nenory pointer. storage unit 18, and
a prler eadhiaws Axrd up fgumigeimmts imragel Qinifthd 3di skhdrdrer ypmendasb rgccor di ng
to the third enbodi nent of the present invention is different fromthe
abauelaremtblonekh are arranged on a RAM 102 which is readable and

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



second enbodinent in that a protection area is provided to | eave at |east
several blocks of data, which have already transferred to thg Bppey ﬂm4
device, on the cache nenory. Therefore, the constituents performng t
sanme operations as described for the second enbodi nent are given the sane
reference nunerals, and descriptiochis thereof will be omtted. The cache
menory poi nter storage unit 18 hol ds an under- sendi ng address indicating
the position on the cache nenory where the data which is currently being
sent to the host device is |ocated, and a next-prereadi ng data storage
start address indicating the position on the cache nenory where the next
pr eceale daiati $2¢ oabeastos &dardh el pf ereziiony steraap Yidgembnta unit 19
perfornms a prereading startup judgenent process for judgi ng whether or not
pr ecaciie ngemdrdapaishenl stbeagarunid Bt drol |egueemadiggststaseiu al bl ocks
of data, which have already been transferred to the host device, on the
cachedgemeny. usihce2t he fundanental processing by the di sk nenory device
according to the third enbodi rent of the present invention is identical to
t he fundaientdls preaessi ngviiyet hecdrsknyenor yhdevhded4dmbodomdnhgotfo t he
first enbodi ment which has already been described with respect to figure
2, tepantesemtesnvett oo iiSs nif fenegasArgm tiextabdwee ndaita opreetr eadi ng
process by the disk nenory device according to the third enbodinent of the
pr eseitind remddonent |1n treatdes gidivdtaidh aef£riengs dvd deidgwice 12hve

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



Wi | e executing the fundanmental processing which has been described with
reference to figure 2, the continuity detection wunit 16, mhigzi?%%e ,
received a read command fromthe host device 1 through the hast¥ Iy 2R84

2, perforns a continuity detection process for calculating an access
direction and an area-to-area intgédval, on the basis of the position of a
data area which has been requested by the | ast read command recorded on
the read command history table 5 as a conmand history information storage
means, and the position of a data area which is requested by the pr esent
real conmand (step S31). Next, the prereading rule decision unit 14
perdaaaomiimg pree rigedi g stuleembabeld menan whicte bs sf el reéedydiorgna prereadi ng rul e
to be used for prereading of data, by using the access direction and the
ar er-slea-idverh winlltemaipenfti alo @deueal eyl atedahbydt Hesceaptiipni Ly detection
unit 16, and the size of the data area which 1is requested this tinme (step
S32)ecthReadeci ded prereading rule is stored in the prereading rule table 15
as a prereading rule storage neans. The prereading area decision unit 17

per f or nenax Py et Radiiffa 2pBe Sba 200 podd€a Wectlsd abi P anassr f alevliese di ng a
prereading rule to be applied to prereading of data, by performng a

Pr a¢icesiiheg &o apR! itgakrioRmbddgRerat opr eBesprésenkudgiv-agtwbat wellprer eadi ng
of data should be carried out enploying a previous prereading rule which

hagebgen cenpleay d thmredicataky bef eigutbezprereading rule to be enpl oyed
according to the present read command, and deci di ng

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



the position and size of an area on the disk nenory nedi um where
prereading is to be carried out, on the basis of the decided prereading
rule (step S33). Next, the prereading startup judgenent unit rof &Efs 2804
prereadi ng startup judgenent for judgi ng whether prereading gﬁould be
carried out or not, enploying the é#hder-sendi ng address and the

next - prereadi ng data storage start address which are stored in the cache
menory pointer storage unit 18 (step S91). Wen it is judged that
prereadi ng should not be carried out, the prereading startup unit 7
searches the cache list 12 to check whether the data in the prereading
ar earate clatets nn tdeqerser éadi Migcialies depirsireadanot ruzeekiostg on t he cache
menory 10 or not (step S34). Wien the data in the prereadi ng area deci ded

by dp19 ieut efeashang arieny decideitan Wy pekrfodméngnat pervsousnruhe cache
menory 10, the prereading startup unit 7 instructs the disk transfer unit

8 tapplaathtivh daidydnerthereceseadiong jaked ndeahdetderbpremeagisgeadi ng area
decision unit 17, thereby perform ng prereading of the data (step S35).

Furdaier srafdiel Behearraegadiutg edpd oSERg20046 r46iofist peedatdingheupeer eadi ng
startup unit 7 perforns updation of the cache list 12 indicating the

detaiilch Had hRAatedpiioyiead immedihe cagchbe roraDEe 1prestadifig6yuléntbhe ot her
hand, when the data in the prereading area decided by the prereading area

degjeSieaip 1¥Ridd LEcRddshng @8 the peackatmeembycdlmahle prdrdadidgngf the
corresponding data is
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
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 the data (step 835). Further, after the prereading



ended. The prereadi ng area deci sion process in step S33 and the follow ng
processes are repeatedly carried out until the disk nenory device receives

a new command fromthe host device 1 (step S37). J The conti\r)\giﬁt)‘gﬁeggﬁ ion
process by the continuity detection wunit 16 in step S31 sho nfi e
21, the prereading rule decision pwocess by the prereading rule decision
unit 14 in step S32, and the prereadi ng rul e deci sion process by the
prereading area decision unit 17 in step S33 are identical to those
according to the above-descri bed second enbodi nent and, therefore,
descriptions thereof will be omtted. Next, the prereading startup

j udgenEnd qEacessheesfaramiihy sty ermading et upddgemanorunit 19 in
step S91 shown in figure 21 will be described with reference to figures 22

to e ddand a2 i1 addioswhiald dher eliainidi thike darer sadirad ist artup
j udgenent process by the prereading startup judgenent wunit 19 of the disk

Meriiey HVHE ez ding dted s e¢)hi rd  enbodi ment of the present invention,
figure 23 is a diagram2 8 S E P 2004 47 illustrating an exanple of a cache

list stopgdthh bRRceARARANENREN PRENESEaSIRr89e PPétcd@inguhkddgure 24 is a
diagram for explaining a protection area which'is a data area where the

datf o3 & ithd P6-GRGRE MEMh HeA%k8 B Aheet 68. Wikksrghetgace to figure
23, the cache nendry pointer |

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



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

menory address as a begi nning address of a data block on the cache nenory

10, which block is currently being transferred to the host devicg d4r a
ZFH %h%aﬂﬁé

preread data storage address P which is a cache nenory address®o
cache menory where the next- prerea#li?data is to be stored. Initially, the
prereadi ng startup judgenent unit 19 perforns judgenent as to whether the
prereadi ng direction value X of the prereading rule entry on the
prereading rule table 14, which is specified in the prereading area
deci si on process (step S33), is "1" or not, i.e., whether prereading is to
be pédtstmeding ehe expopwar @fder eerhenlaostnatorsdepnr Sihe) caghen t he
prereading direction value Xis "1", a predeterm ned protection area size
i s seborycpedntesmstheagadenitt A8nstpd addnees?d ki ghdiagra® Hedi nni ng
address of the data block currently being transferred to the host device
1, wkpthindddr espriotestoppdairpat wbichche aredety poeéateheseorhgedaht 18,
thereby calculating a protection area address which is a boundary address
f or sppoedctinngha paetet memppngdlameuat podteatedi n t he backward direction
wWith respect to the data currently being 28SU ZR 48 ) transferred (step
S102). QOwitie ot ferehand;o whisninehe Jpr arteadiandred megotriyopodaltee X is not " 1"
but "0", i.e., when prereading is performed in the backward direction, the
preseadhog anea $BzRoXdshamnundetfigata-flbansfer 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



and the predeterm ned protection area size are added to the wunder-transfer
address 0, thereby calculating a protection area address whi c? 'Bss? 2004
boundary address for protecting a predeterm ned anount of dat n %e
forward direction with respect to the data currently being transferred
(step S103). Next, the prereading dtSartup judgenent 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 determ ned on the basis of the
next preread data storage start address P stored in the cache nenory
poi nter storage unit 18, and the prereading area size Z shown in figure 16
(steprsibayreqhentemeS Dt ecti on area address overlaps the area where the
next preread data is to be stored, prereading of data is inhibited, and
t he prer@adithg stierupapddgehent tpeopeesesdinpddiire¢tiep ®DBE. XGhst he
ot her hand, when the protection area address does not overlap the next
pr enaad' Hatlust 03 'agel & -ea,vhprereadicagiofy dst aerformadd imh&hgr er eadi ng
startup judgenent process is ended (step S106). Wen prereading of data is
pergaditvwedrd rditrertprar.edtinprstrmading edgensnizepZosbewn time fpoareadiong
startup unit 7 searches the cache list 12 to check whether the data
I ndirsiatde: pyrddee &nGnSEP p2@04 A9 oor ereadisngeanea sddedr tNothand t he
prereadi ng area size which are outputted fromthe prereadi ng area deci sion
univunde?,- tevadrst e ro raddrles sc @6 hehreesbyy chQcol ahbdhg ¥Whprotketdonr espandi ng dat a
does not exist, the prereading startup unit 7 instructs the disk transfer
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 S5104).

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 p:ereading
startup judgement process, the prereading startup unit 7 searches

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



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 perform ng prereading of data. Fgr%Qﬁ¥>zﬁger
the prereading of data, the prereading startup unit 7 update e Q he
list 12 to conplete the data preregding process. On the other hand, when
the correspondi ng data exists, the prereading startup unit 7 perforns
prereadi ng of next data. Since the nethod of storing the data read from
the di sk nmenory medi um by the di sk nmenory device according to the third
enbodi nent of the invention is identical to the data storage nethod which
haspbeeeadtsgr abed fectoheNdi rand enthodbnentadempl ayeagsIiguwiescl® ave 10,
repeat ed description is not necessary. As described above, prereadi-ng of
dat eutsutaedi édouth#i bhe feaPlof efté Hnded Lad daei gt pr oV dexli stos asnt o | eave,
on the cache nenory, at |east several blocks of data which have al ready

t r apsé ecd€lde tReibey hDStotlevdce lyhby €N®l o+ hgspbedindedataanséernatdr ess
i ndi cating the position on the cache nmenory where the data being currently

t r agef £ J eehé Optdee @b g dewva e sit oraimsh rudtgl the diesdt treiehsr dat a
storage start address indicating the position on the cache nenory where

t heumexts pEeresad dei@ dstd oi dve 20Hd Wy sty gske At BiPrese £ e tihien
pl ayback of data is carried out while frequently switching the playback

di nest i Gy betavgsre tdedidPravas gl i 7Ll ih and tdie-ackemre-¢h rged i on, the
data whi ch have already been transferred to the host device 1 just before
thq:)rereading 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 /

swi tching of the playback direction can be stored in the cache nenory at
the point of tinme when the playback direction is swtched, mherqpyﬂ%@e
al ready-transferred data just before the swi tching of the playba(:'k»-“u-P 2004
direction, which data is required for playback just after the playback
direction switching, can be transi@rred to the host device 1 wthout
rereadi ng the corresponding data fromthe disk nenory nmedium Wile the
di sk nmenory device according to the third enbodi nent of the present
invention is provided with the cache nenory pointer storage unit 18 and
the prereading startup judgenent unit 19 in addition to the construction
of stieeedi-sk Thesrafigr deives dbesr BLayLeskt RE €8E8ndSeRBBYIRENPULt he present
invention is not restricted thereto, and the same effects as _described
abowd learf Hegquaitilov swilbghandi skenphoyhaabviltteahieh Petweppvilded with the
cache nenory pointer storage unit 18 and the prereading startup decision
unifior¥@ridn dadedictiion wodt hbe bankvaudt dbreoctione dhekdaenoriidgeheee
according to the first enbodinent. Furthernore, as shown in figure 20, the
pr adessdy beenhéreashiermetl fadgesenestnievicet hejevhthekexs Beeection unit
16, the prereading rule decision unit 14, the prereading area decision 2 6
SERw2004i54 oifi thé7plepbapkedendthiont @an upe j sidepeadntn urphe dachend t he
prereading startup unit 7 are carried out by a CPU 105, and the read
conmmbdyhast ahy pahhe 6f thmecwetdr thetpllybatle dboessieneds information
storage unit 13, the prereading rule table 15, and

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



the cache nenory pointer storage unit 18 are arranged on a RAM 104 which
is readable and witable fromthe CPU 103. Enbodi nent 4. The dpsg
2o T el

devi ces described for the first to third enbodinents are contfro

control prograns which are possessed by ROV contained in the CPUs 101,
103, and 105 shown in figures 1, B, and 20, respectively. The sane
effects as described for the first to third enbodi nents can be achi eved
when providing these control progranms through comunicati on neans such as

the Internet or other networks as well as providing these control

progr ans

contained in various kinds of nmedia. Furthernore, as recording nmedia in
whi ahit he7pr olge aprepeading dearvorielyendrer arare, 1F.oramskdid e, | oppy
di sk, hard disk, optical disk, magnetic disk, nagneto-optical disk

CD- et e a tibgdi e$ t &£ t @y eun it haoaral r micey ohwat idye arglRil i 0gr dindetthe

APPLI CABI LI TY I N I NDUSTRY The di sk nenory devi ce according to the present

i Nnveadd ofommeaned| iIess tr ey eadiing Sf tdat aadooridied A2 ,a tdieslkoversy yaneedi um

such as a magnetic disk or an optical disk, in the backward direction, 2 8
SER; 520 gl Bdd | £t @rdgepnatiendi3g tfe qateradiicly and d acatled 1Sgpamat el y at
equal intervals, thereby inproving data transfer by the data prereading of

t her ik Ska AR Ghsmsiey ifsinte B W o044 bt QAAlde arranged on a RAM

104 which is readable and writable from the CPU 103.

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.

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.

APPLICARILITY IN INDUSTRY

The disk memory device according to the present invention

Furthermore, as recording media in which the programs are to

enables prereading of data recorded on a disk memory medium, such

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



1. A disk nmenory device conprising: a command history information storage
means for holding historic information of read comuands as information for
reading data recorded on a disk nmenory nedium which read cogmgmgy
received froma host device; a continuity detection neans for detectlng a
direction along which prereading of2data is to be carried out, on the
basis of the read commands stored in the command history infornation
storage neans; a prereading area decision nmeans for deciding the position
and size of data to be preread on the di sk nenory nedium on the basis of
the read comuands and the data prereading direction detected by the
contansuiethf igdteedt ipgeneedieg ofadhéanhoep foe herdtag peepBadcddt &% and
prereading startup neans for reading the data to be preread, which is
deciedige by nitiee vierler, e &dliegrg bar éapgevisgodat@ahsansiem biethdi gRtaenor y

medi um and storing the data in the cache nenory. 2. A disk nenory device
compriesieagting odmidued diisst mepoicyf dewateon st orage neans for hol di ng

hi storic information of read conmands as information for reading data
recorded on a disk nmenory medi um which read commands are received froma
host device; 2 a SE P 2004 54 a continuity detection neans for detecting an
area-to-area distance which is an interval of data to be preread, on the
basis of the read commands stored in the conmand history information



storage neans; a prereading rule holding neans for hol ding prereading rules
for perform ng prereading of data; a prereading rul e decision neans for
deciding a prereading rule to be used for prereading of dat& Boffph 6ﬁasi S
of the read commands, the area-to-area di stance detected by the con?q uity
detection neans, and the prereadi ng3rules 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 hol ding preread data; and a prereading startup neans for reading
the data to be preread, which i £1@8¥5ded by the prereadi ng area deci sion
means, fromthe disk nenory nedium and storing the data into the cache
menory. 3. A disk nenory device conprising: a command history information
storage neans for holding historic information of read conmands as

i nfor mea i @hsk anemenyli dgvidat eommciyidert on a di sk nenory nedi um which read
commands are received froma host device; 2 8 SE P 2904 55 a continuity

det ect i ancormaasdf bt sdetecthfgrmath ¢ecd t oragd anganshfsh pskedegli ng of data
is to be carried out, and an area-to- area di stance which is an interval of

datra dtedie- prefaatht ioh (dfe rdaasicomafantle asead foemarids Foer edadidnyghe
comand hi story
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

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;



i nformation storage neans; a prereading rule hol ding nmeans for hol ding
prereading rules for perform ng prereading of data; a prereading rule

deci sion nmeans for deciding a prereading rule to be used fqg{pEEPeaﬂW%g of
data, on the basis of the read conmands, the data prereading direction and
the area-to-area distance which abd detected by the continuity detection
nmeans, and the prereading rules held by the prereading rule hol ding

means; 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
prereadi ng rule decided by the prereading rule decision neans; a cache
menory Borohaliduigypreteatlidatmeansdfarpdeteatimy &t axtep-teadsedor readi ng
the data to be preread, which is decided by the prereading area deci sion
e adiss t drfcm whiech di s kanreinrerwadadiafmdaard tst el pgetrbaddaba ititeo Halse scache
menory. 4. A disk nenory device as defined in Caim2 or Claim3, wherein:
t heoprigtecath a) dathreardd dittgenedms thel doreaplduhdlsitby yofinZ oamSER 02001 56
prereadi ng rul es; and when there are a prereading rule decided by the

pr ey aidiy mddils deci sion neans and a prereading rule which has been

enpl oyed imediately before the decided prereading rule and, further, the

prereadhngréir&£8i h@Nsudé KHBESEnPIes £a6li PGl N B raf P idie vy tllkes
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;



prereadi ng area deci sion neans decides the position and size of data to be
preread on the di sk nmenory nmedi um by enpl oyi ng both of the preﬁe&d@&ﬁ)Zﬂﬂé
rules in conbination. 5. A disk nenory device as defined in any of Clains 1
to 4, further conprising: a cache nmenory pointer hol ding nmeans for hol ding
an under- transfer address indicatiy 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 where next preread data is to be stored; and a prereading startup

.j udgenent nmeans for judging whether or not prereading of data is to be

per f or med ¢antieaviet mtdd tepitions ewang sitocledesttigat 2 WRITER tA&Ve 3dPPgady been
transferred to the host device, on the cache nenory, by enploying the
undehithapsteradaddr e§sdand thetnexe parread data endrageaBtartCaddress
which are held by the cache nmenory pointer holding nmeans. 6. A disk nenory
devihgeaadidebhnoedwhichnysoenCiatesvd] Gftdaba thdpei prepe®iSEOP P4 57 the
prereadi ng startup neans stores a plurality of preread data, which have
sucpesskvelfytheenendadommtnda sherdackmatie dommeand omisteeressively into a
backward-direction area in an address space on the cache nenory. 7. A data
pr e; gadimgtiehhedoeagprineang; a continuity detection step of detecting a

direction along which prereading of data is to be carried out, on the
basi s ofa 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



read conmands as information for reading data recorded on a disk mnmenory
medi um which read conmands are received froma host device; %%%rg%@@ding
area deci sion step of deciding the position and size of data toth nbréﬁﬂhd
on the disk nenmory nedium on the basis of the read conmands and the data
prereading direction detected in tgg continuity detection step; and a
prereadi ng startup step of reading the data to be preread, which is
decided in the prereadi ng area decision step, fromthe disk nenory medi um
and storing the preread data in a cache nenory which is a storage area for
the preread data. 8. A data prereading nethod conprising: a continuity

det petreadshgprafiedet galli ng an area-to-area distance which is an interval
of data to be preread, on the basis of read conmmands as information for

readi ng (gatA HIRGQR dad AN prer@askngEmrany Aedidey wWhi eher padreadimods are
received froma host 2 8 SEP 2004 58 device; a prereading rule decision

step,pé deeciging RepRSr &AM AGpFét@ad ity baiusathieH Huenrad rgnplfoytad a, on
the basis of the read commands, the area-to-area di stance detected in the

Con(ijﬂmﬂé'&lié(teﬁ?tﬁéfBPQ §ﬁ§pde@£@e@_&§"fé?éﬂdﬁglg¥ uhete haldl bBaracHyer aadi ng rul e

hol di ng means” whi ch hol ds prereading rules Tor performng prereading of
dat g;¢ fe aﬁﬁga&ifl@cﬂ&ﬁs deei gh oLk 3R adRF I AiNG the RO tdMe anthe si ze of
data to be preread on the disk nmenmory nedium on 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:



basis of the prereading rule to be used for prereading of data, whichis
decided in the prereading rule decision step; and a prereading staéégp st ep
of reading the data to be preread corresponding to the positianga s? 004
on the di sk nenory nmedium which are decided in the prereading area
decision step, and storing the prérfiead data into a cache nenory for

hol ding the preread data. 9. A data prereading nethod conprising: 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 comrands as

i nf or matthen pirerreagdddion§ tdataprr mesndedtonea adpskrabibyycheBirakeadhi ch read
commands are received froma host device; a prereading rule decision step
of deica diwlyich praveasiiogessiecly hedn Ozka&d qut bigy udwd Hagkyawst eadi ng of
data, on the basis of the read conmmands, the data prereading direction and
t hedhrest:1on araccas siante i dracloetmbididdat itdre somd idwuidry det ection
step, and prereading rules held by a prereading rule hol ding nmeans which
hol slsd a3 egshiarg ol Ese foachpemiemariyng prereadi ng of data; a prereading area
deci sion step of deciding the position and size of data to be preread on
the di sk nmenory nmedium on the basis of the prereading rule to be used for
prereadi ng of data, which is decided in the prereading rule decision step;

and7 2 & edgedi e Béading méepodfcdngadisihdhe data to be preread

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



corresponding to the position and size on the disk nmenory nedium which are
decided in the prereading area decision step, and storing thg%BrSE%agmﬂéta
into a cache nmenory which is a storage area for the preread a.” ~10¢

data prereading nethod as defined in Caim8 or Caim9, wherein: when
there are a prereading rule decided8 n the prereading rule decision step
and a prereading rule which has been enployed imediately before the

deci ded prereading rule and, further, the prereading 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 nedi um by
enpdeyiawy both of the prereading rules in conbination. 2 8 SEP 2004 60 11
A data prereading nmethod as defined in any of ains 7 to 10, further
conpri sangregdepdéngadiubhg deatsipn] stdgenentdstbpiodg 4§ usios nepdiret hewler not
prereading of data is to be perforned to | eave, on the cache nenory, at

| easd iseveded Y100k ofadiaig othiddtahave aheeadyibeef theamehdarred to the
host devi ce, by enpl oying an under-transfer address indicating the

POSddninhdHn tHie Lachea dmimyy dicft adalea detldicedi Snctthieerbhy ihaing
transferred to the host device, and a next preread data storage start

addEsTditd] Galdp)g drite diesidddimg o lklke heaghpymanphkreaaragnext epr er ead
data is to be stored. 12. A data prereading nethod as defined in any of
C Eﬂd]'.%li?mg ez sl LhiWre 1S 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



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 nenpry 513007
conput er -readabl e recordi ng nedi umon which a programfor nmaking a
conput er execute a data prereadi ngb®ethod is recorded, said data
prereadi ng nmethod conprising: 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
menory nedi um which read commands are received froma host 2 0 SE P 2004
61 deweaised Horrmoderpiareao delbdts, omrstde dfasdeciod ridpet reaglosi tion and
size of data to be preread on the disk nmenmory medium on the basis of the
I eachnaoaandst e did the pdadise qatieree atli meg tdione eindot hed efreat-¢d-iarethe continuity
detection step; and a prereading startup step of reading the.data to be

pr efeathncavhitcic s meciaded-tigd tihe toree ceadiing iaryve aedecitiionn stkeep, afwbm t he
di sk nmenory nedium and storing the preread data in a cache nenory which

I S preSleQcRigRy anfad Qlelidh@wreraedtcddliag thleAhedpuige meaagddahliehr ecor di ng
medi um on which a programfor making a conputer execute a data prereading

methndis pracuded ruSaisd [t pepirRraadign g reveldd ngOBEr daitag: a continuity
detection step of detecting an area-to-area distance which is an interval
of dataat9rbeepiBigashe HNdEFEsPESI 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.



|1 of read conmands as information for reading data recorded on a disk
menory nmedi um which read commands are received froma host device; a
prereading rul e decision step of deciding a prereading rule 2t® 3% Q§@él for
prereadi ng of data, on the basis of the read comuands, the area-to-area

di stance detected in the continuitg0 detection step, and prereadi ng rul es
hel d by a prereading rule holding neans which holds prereading rules for
perform ng prereading of data; a prereading area decision step of deciding
the position and 2 8 SEP 20 62 size of data to be preread on the disk
menory nmedium on the basis of the prereading rule to be used for

pr ef eadi ngdeta dptareatbng hmé shoktcasletl fimddelrpraread i aimse Heod sibn st ep;
and a prereading startup step of reading the data to be preread

cor r@sfoadi deng © ey posi tion and size on the disk nenmory nmedium which are
decided in the prereading area decision step, and storing the preread data

into a gagherBBARKY Eehrbopdidggément Psespast daldgind. wietoapuberroeadabl e
recordi ng medi um on which a programfor making a conputer execute a data

pr %f&%mrg@tdpdgéa‘a ref Asled pesddindat acpneseadi 8g Mekhedchenprising: a
continuity detection step of detecting a direction along which prereading

of glaldy,S 410 s HATddRG-AUh ¥ A FBIRE=! WAt hadtes kareadwhibeleni s an
interval” of data to be preread, on the basis of read comands as
i nfor Rt P d aadi HpHdatR vieeQr #8d e@p1d3ying 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

~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



di sk nmenory nmedi um which read commands are received froma host device; a
prereadi ng rul e decision step of deciding a prereading rule to be used for
prereadi ng of data, on the basis of the read comuands, the dgtg.@gkpﬁmging
direction and the area-to-area distance which are detected in the
continuity detection step, and prerieading rules held by a prereading rule
hol di ng nmeans which holds prereading rules for perform ng prereadi ng of
data; a prereading area decision step of deciding the position and 2 3 SEA
2004 63 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
in ddeigsereading rule decision step; and a prereading startup step of
reading the data to be preread corresponding to the position and size on

the di sk preRexdiBgi HreaWbeehsabr deepdetl décidienreieatb ot Bbeaameci sion
step, and .storing the preread data into a cache nenory which is a storage

ar egj AOMo hea e edeask Giereakf .o\ HIRC AidiknGefBeyUmeas witgf iohedhlen C aim 14 or
Claim 15, wherein: in the data prereadi ng nethod, when there are a

PrefOad NoF tHE &-dRCidthdrtd R dee aditR0 prek-e adealgS i@k esitepnand a
prereadi ng rul e which has been enpl oyed i medi ately before the decided

Pr fRadicng Y & rRNGodtirhiiery ddtedieheadepy dhhections of these ,
prereading rules are the sane, the prereading area decision step decides
the posjt}pora0@: sk zec ot 8ot 849 b MLIBAA 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



on the di sk nenory nedi um by enpl oying both of the prereading rules in
conbi nation. 17. A recording nmedium as defined in any of C]ajfagigfﬁ(gggf,
wherein the data prereadi ng nethod further conprises: a prereading startup
j udgenent step of judging whether or not prereading of data is to be
performed to | eave, on the cache mMehory, at |east several blocks of data
whi ch have al ready been 2 8 SE P 2004 64 transferred to the host device, by
enpl oyi ng an under-transfer address indicating the position, on the cache
menory, of data which is currently being transferred to the host device,
and a next preread data storage start address indicating the position on
t hestzre hef ndabe yEakes eerrx@agrar dde dhitsk imemay yhanestigied onlghea dat a
prereadi ng nethod as defined in any of Clainms 13, 15 to 17, wherein: in
t hebatsit pf etleadbreyramiingg, rule Y dreadialy fstrapmgresiddmg stfodedaa plurality
of preread data which have been successively read out in the backward
di ndtitdlon, s sieciedsl vigl ythantar er deatkgpmitl edideedtsiiom @&te@:i mngn addr ess space
on the cache nenory. ABSTRACT On the basis of an area accessed by a
j ust - prevpoeseadadg sbanbtud ahepaof areadimguireddya at prissaterestl conmand,
the direction of the access, the interval between the areas, and the area
Si 2 raresspdetdEotiedo ale trusifdsin iaon anidesione thk dds&r e@momryamedium

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



di sk menory 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 co ngds i ch
request data located in the backward direction, i.e., thengﬁrgc§§€nﬁmﬁ

whi ch address decreases, or data l68cated separately at equal intervals.

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

ff) 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
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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.

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.





