; €3eu9u445t 7TR*70868T9[ h 2i DESCRI PTI TECHNI CAL FI ELD The presen p
I nvention relates to a data caching nethod for DATA CACH NG MET & %Qﬂ?z
2D r v caching data by enploying a read buffer. BACKGROUND ART A
conventional data caching nmethod will be described with reference to
frgures. Figure 6 is a block diagramillustrating an apparatus, to which

t he conventional data cachi ng net hqd plied. In figure 6, nuneral 61
denotes a storage nmedi um nuneral SS@E%&E§“%_read buffer, and nuneral 63
denotes a conputer. Figures 7 ( a ) to 7 ( d) are diagrans for explaining
an exanpl e of changes in cache data in the conventional data cachi ng

nmet hod. Data stored in the read buffer | .e., cache data are changed |n
the order of figures 7(a), 7(bPAT$(§PC§ﬁ§G7M@FHq whi ch nuneral 62 denote
the read buffer, nuneral 72 denotes read data, numeral 73 ‘mm wﬂlmmﬁm ead
data, nuneral 74 denotes read data, and nuneral 75 denotes

Next, the operation of the conventional data caching nethod w+hiispre

descr MECENICQAL rEXELRNCce to figure 6 to 7(d). Wen a conputer 63 such as
host conputer issues a reading request for data at addresses 50 to 52 in a
st or age rehk uprédenticinyenthoROvedat@dD to a data caching method for

G
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caching data by employing a read buffer.

P

BACKGROUND ART

A conventional data caching method will be described with
reference to figures. Figure 6 is a block diagram illustrating an
apparatus, to which the conventional data caching method is applied.
In figure 6, numera; 61 denotes a storage medium, numeral 62 denotes
a read buffer, and numeral 63 denotes a computer. )

Figures 7(a) to 7(d) are diagrams for explaining an example of
changes in cache data in the conventional data caching method. Data
stored in the read buffer 62, i.e., cache data are changed in the
order of figures 7(a), 7(b), 7(c) and 7(d), in which numeral 62
denotes the read buffer, numeral 72 denotes read data, numeral 73
denotes pre-read data, numeral 74 denotes read data, and numeral
75 denotes pre-read data.

Next, the operation of the conventional data caching method will
be described with reference to figure 6 to 7(d). When a computer

63 such as host computer issues a reading request for data at

addresses 50 to 52 in a storage medium 61 such as CD-ROM or DVD,



2,15 APR 2t102 the data at addresses,50 to 52 of the storage PgdAPR 7982 -
are read out by a reading apparatus nof shown and, as shown in'figure 7 ( a
) , the read data 72 which have been read out axe buffered at the head of
the read buffer 62 and then transferred to the conputer 63. Thereafter,
data at address 53 and subsequenL addresses of 1.1le storage nedium 61 are
pre-read by..the iLchegan be W i e_aval e.space of _t.he
r ead %’Sﬁ e‘%/a%g %ﬁg? &ggeé\’ﬁg%m 5i%nlilﬁpl g’&ré) é%@% %tu‘#%eqégﬁ%%f{?% F ;eggﬁdread
positio f the read buffer 62 so that the pre-read,data,73_, i.e ,
flat . SUERY B0 £680ART FPRFTAHIE P pDUEL AAS e 2P HAORPo LA A9BSR, 7Bdus
with the read data 72. Subsequently, when the conpufer 63 issues _a [eading
Fequediie GEathR A T2 HSIo0arE DEe TR0 A0ts SEPalE SREd T RE: L, head

j udged whet her the cache hit occurs or not de encgi ng on whet her or not data
at ad®fedheigread pubfsr §2r aad fden F4a ?p‘g‘%? ith Bhe SPBPE&erh Sthe read
buffer 62. Since the data at. address 48 are not included in the read data
72 anFheFE LT eadRrBat AL 7390F SR Ry @beiRtegwnt addecragd péf L€ the
cache hit does not occur Thus, data_at addresses 48 to 50 of the storage
nedi uPtOTage BeGim ol RAEAErasISRvhY i Bheiyueent vhich canpberwritigna 74
whi ch have been read out are buffered at the head of the buffer nmenory 62
and t Hantheaavpélnbdet opafe ebriphn deagBbufferchRiand, it #howmddr Esguse
subsequent to address 50 of the storage nedium 61 are pre-read by the
armount? (khi.c PuFdiensd wp toehhenenfcpesitian| of sthe aaAd bind frerné D eor thas?
and, as shown in figure 7(d), buffered up to the end position of the read
buf f ethe2 pre-ied dad7d +r dad -dadatrs Aty addregsies 53 §0dl€dswhish have
REPLACEMENT SHEETS 1 5 AP R 2002 3 to 99 are made continuous with the read
dat a Peenapreexeadarirabdrde rantiauemsyatitioitdhe deead cd@bangd2ret hod, even
when part of data for which the conputer 63 issues the readi ng requests
have beerSyhp2e9ventlystwhes theqempuber 3 fiegswEs a repdingdgeduesit foke
cache hit does not occur when data at the reading starting position are not
st or edatana@tr @ddurFaes pd ftor il efhdilie fatorsage mediamed heditinis1judged
rewite all of data in the read buffer 62, thereby resulting in a '~ | ower
ef f i cwbetherrtheneacheheit tdgcuxsnon petodependingon s trher aqubsot daradat a
which are not stored in the read buffer 62, even when the address of the
dat a r% stifgkesisy 4Bopnaddtahah @ hoeedbngdetartingeposhting argdsbaredrin2, |
and there are few changes between pre-rewiting data and post-rewiting

dat a, thieerg¢adabwf fiehe i2oads td¢ cthegdaka at laddnesst48. arecerti hatludede
efficiency is low The present invention is made in view of the
abovedasthebedagrdatant? andl thepremirdad dadjaedd wbiphobhauve hedntstenedi ng
nmet hod which can utilize cache data efficiently and effectively.

DI SCLEsUREeOE epdE huNifel | hhacearclenf itto does mods ancumy cBhugn, dagarati s
provided a data caching nmethod for caching data by enploying a read buffer
when addospses: 4i8ssges OaOﬁeaangtPGqG§smegémd§ﬂaaseore&ii agaist andgeas

medi um conprising: a step of judging whether data stored in the storage
medi ushowo whi Ehgureeacng tkhequesadidatasikeWhighe hayves helwa meadwouk adbea
whi ch have been already buffered in the read buffer; a buffering 4 15 aPR
200z buéferkd waethe hexd wdpddd buffer memony t63 wiyktdren tteangiterred

whi ch the reading request is issued or a part thereof are not in cache hit,
readitg dthe eompuiam &hi chhaereafiteri,n dedchathidddoeasegs t febdaguent woi ch
the reading request is issued, fromthe storage nedium to be buffered in

t he raddrbskf 80 ¢ tdee storageonediuaqus 1vatd pdad-redd ¢y &he amouathehibéh; a
step of, after the buffering, transferring the data to which the reading
requesini Bei wxi®dem irheche available space of the read buffer 62 and,

as shown in figure 7(d), buffered up to the end position of the read

buffer 62 so that the pre-read data 75, i.e., data at addresses 51



read buffer to the conputer; and a pre-reading step of, EERI%CENﬂmi‘eSﬂEEq'S
the data to which the reading request is issued fromthe rea ]

conputer, pre-reading data which are stored in the storage ngdif;u&pR 2002
subsequent to the data to which the reading request is issue romthe
storage nedium to be buffered in the read buffer so as to be conti nuous
with the data to which the reading request is issued in the read buffer.
Therefore, it is judged whether or not 1 of data to which the conputer

i ssues the reading request are in cache hit, and only data which are not in
cache hit are read out fromthe storage mediumto be buffered in the read
buffer, ereby there s no need to rewite all of data, n the read buffer,
and thusv%qq gle'gg S MBAs PBQHPM%%‘%(&% tg"aq ge@ffld@&@n?ﬂy and effectively.

According to g gE8RPTheHTUBHYENn ithd bo VO U1 €RYd. £akhigaehi g

met hod, in a case ere data havé been already stored in the read buffer so
as to be methodipeyen twheme paattaof datd dbrtwhichathagcommeeser i63i ssued in

the read buffer, the pre-reading step doeg not carry out the pre:-reading.
Ther ef or S5t £he T8 diash TEgHeatY DA e o RFE HAHSLY 6aBgdbibAng or ed

in the read, puihefer &% it }s?]u%f’ 80ﬁ¥a§ tHHJ%gjcthé %i?‘kﬁéé@'ﬁo{%éﬁﬁ}i Z€
cache data efficiently ‘and effectively. According to the present 1nvention,
in the afwherematmedt theareadinggstetting poisition are nolgstoredi endache

hit judgenent, that at | east (earnpst, data _anong the datga, to whjich the
reading r £il6 PesiaAmed ABAMAJRO the [OTage E¢ P& &' teads only

o Dsoued CPFR AL, SRLHGHT  ATRAN BUTIEF G2, RHtcEY, FPS1gRtG I aaues!

f'@ward detweimefficiercy.n cache hit which have been already buffered in the
read buffer so_as jo be foll og(%d by the data |n cache hit,, Therefore, even
when the conplf BFthe,s¥hen dhe sgmpuiedt 6Botsiaes dreading seguGsth are

f dt t : t i . i j t
the | aot Dindeif wiicifidd BIATREOrL AP IR BUITEL O, TRE MREAT."
readi ng rdppuesidressssiiet ef daat e siigh tiye fordiamd thadh the séavd data be

transferred fromthe read buffer to the conputer, ere it is possible to
utilize HATE éPaBéFfT%?gn'PPﬁ%@%’fF itharg. agedsviGiiangesnhesmesant

inventio i | . t] _ i 0 it +Shzed
gt o gaar ha AEA LRSI ReaAGHg ARLADThe ath i H) xEat
posi ti on maffiere62cadeball eewrhte nheA cdve dindyefthiatedfidienlcyai® o, i n

he hit the data to which th ' is igsued i |t
o smal | er 1 nabpEnareae BtnhYEhiion S BaRr AhIEH 21 dhHATH Cache hit ar e

read out d¢HEidied B BESEdAHA ha PeobultbesBfedh tbNSroRIdE i s to be
continuous with the data in the read buffer. erefore, there s 1 5 APR
2f1 02 i s caclhieg method iwbighl cen wdilizencacher dadaveffierentiyeantsly it is
possi bl e&tﬁa uﬁ'yl i,ze cache data efficiently and effectively. According to
t he pres CeIV& i on, in the aforenmentioned data cachi ng net hod, before
thg pre-reading step, the margin is set again imediately forward the data

to which the readkglg reqll%est is issued. Therefore, the margin is al ways
provi ded RIS €O SURFe QF chHEF IMYENRIORe read buffer, whereby it is

ible to utjl] h ta_efficientl d effectively. According t
Phe present | ivehBraFAE ot pRuemEThsbodtny S 1S PatfER 4 10 of2e
of the ny#id cethileg Thatdrst ifarocaBhihl HadhYb§ émployiing BAapéadof a past

buffering state. Therefore, margin can always have an optinmal size, whereby
it is poduiffesr whemiaicemputer dassesehf readimgyrequest ffeat dasaystaridr

DESCRI PTI.ON G:t DRAW NGSCE%e 1is a.flqvvchzg?;tCH sgo.\/\,ilgg a hu f?hi ng
proce_duréno‘Fl ARG IS _ %owgsda&i%gs R3d ‘L. &g e _ X first
enbodi meRfa@f stBeelr eaCfHhel SO MeliAh o2 NicP a2k d7hE FEgaears for
expl ai ning an exanpl e of changes in cache data in the data caching nethod
accor di ngstisswedf iarst innbadheehtit ofittthel aree yenich iveveibeenfalpeasdy3(a) to
3(d) are.di ggrans.for, explaini ng.an exanple.of changes in cache data in a
case V\herkﬂ'lg%feﬁ”aa{}éeflp am%&e&’rﬁgﬂ%rﬂg@est is issued are in cache
hit in a data caching nethod according to a second enbodi nent of the

present invention, figures 4(a) to 4 ( ¢ ) are diagrans for explaining an
exanpl e of changes in cache data



in a case where part of data for which,a reading request is i ssudd M@ @PZ
cache hit in a data cachi ng net hod acchr di ng to a third enbodi nent of the
present invention, and figures 5(a) to 5(e) are diagranms for explaining an
exanpl e of changes in cache data in a Case where the size of a margin is
set again in a data caching nethod according to a fourth enbodi nent of the

present invention. I.n addition,, figue 6 i b] ock ,di agr jllustrating an
Dopar 385 O ithEn 3t dvaniagtath RS CatRe iheinafeRenEthab datR LS
figures 7 ( a) to 7, ( d) are diagrans for explaining an e arTIpIe of |,
chang¥®ich ddvherepd ing nrearegbni®@niFERSA A5t 3 PACH ﬁa‘ﬁm o T BESTE MBE TO
EXECUTE THE | NVENTI ON ( Enbodi nent 1%: Hereipafter, a data cacr}iln‘g net hod
accor §acde &if f Head idd SRt et YoratAeWREE8cAT e ROENLROFRGREI bl AIRRY bed
with reference to the figures. Since the structure of an apparatus to which
the dahe dadia e wbrliedy FHMIRS Fagvest dft ISMIRA neffoN St A IVRIS t he
same as that of the apparatus to which the conventional data caching nethod
i s appledéamshdvwn be bugiered inttheeseadpbréfiew se B& & theeEontinuous
description is given of a buffering operation of a read buffer in the data
cachi wg-tietdaddh adcimidiane tim achd hdtt ;e @b stiepedf wialfterf@re L fer Inqur e
1. Figure 1 is a flowhart showing a buffering procedure of the read buffer
i n t herdatsfexacinqghedatae tocohichdhe readl ing gegpigsddilsehssuedsin tthe\PR
202 At first, the conputer 63 issues a reading request for data stored in
t he streamdgdbuffiBrméitheé nconppter; andi 3 pregreasidihestep ob: ahkehead
data anong the data for which the reading request is issued (hereinafter,
r ef er tednsEeasx itendiy Gt ttpediitgho it heatreadimey irequesie i tissurl viromt he
data are in cache hit, the operation goes through processes w thout reading
any dahe fead bhfferctagthestimpuislr, apuenheading data whiéchrre wtanek
hit, the operation proceeds to step S2. In step S2, it is judged whether or
not tHhe tber stoiragedmes iamo sybseguenta torthehidgta e mduith Eheqrading
i ssued (hereinafter, referred to as reading end position data) are in cache
hit, zedueskeris Hesimed Exemnbhe | siteraae hediumhe topdeatbufifgiiestcdtisthe
step 56 and all of the data for which the reading request is issued are
read oeadfbofifelresstas tgebersginhindiouswidhotheetata &to whdcheblble ;gading of
the read butter 62, while when the data are in cache hit, the operation
pr ocegeguestsiepssdied ansthepread hukfer yeThergfoxenhitisaivdged whethathe
hit anong the data for which the reading request is issued is conpared with
t he remanatrglbdf etatsd 2o whilch tbheopemputerbisswesuthegreading HeduRia
anong the data for which the reading request is issued fromthe read buffer
62, aatewhancatbeshit, odnd Hnlinida e wWht.cdy @rgonoitn inagAehRi kit sa¥@XRAd t han
the remai ning buffer size, the operation proceeds to step S6, while when
t he sont fxomdle storagedwrd 1n toHhe bufs exadhinithe FeRdbusfes, whereby
operation proceeds to step s4. In step 54, the data which arc not .in cache
hit atbeyget he natreddrtovrevnitieealdef ptadueshe repdsheffare avd g
fromthe storage nedium 61 to be buffered in the read buffer rvv. ~i
~ ~ it &s-pFspible tp utilize gache data efficienriynand affeqtiveldy¥.i a
V. a4

According to the present invention, in the aforementioned data

caching method, in a case where data have been already stored in
the read buffer so as to be continuous with the data to which the
reading request is issued in the read buffer, the pre-reading step
does not carry out the pre-reading. Therefore, there is no need to

rewrite data which have already been stored in the read buffer, and



9 ,15 APR 2002 62 so that the data are nmade continuous wth t he TACARR H002
data. In step S5, a head position of tRe data stored in the read buffer 62,
for which the computer 63 issues the reading request, is set again as a
head position of the read buffer, thereby to end the buffering process of
the data for which the reading request is issued. Next, the data caching
met hod according to the first enbodi ment of the present invention will be
descritduts ikt hs spepAgbdratgeytildigs £aghe ata L bigiertdy, andth
reference to the figures . Figures 2 ( a) to 2 ( ¢ ) are diagrans for

expl aiefifecivekvnpl e of the changes in cache data in the data caching

nmet hod according to the first enbodi nent of the present invention. The
cache dat a AceorHangetio ithe presedér intehtijone n the aforeménbipnedddatéd c )
, In which numeral 62 denotes a read buffer, nuneral 22 denotes read data,
numer atadRingméelo@; ewheaditals, jadgeduimriie Xackadits jwdgerant. tNéen
the conputer 63 issues a reading request for data at addresses 50 to 52 of
t he stay dgmstededpnfdst idatd emddly ithe datadgedwhtiehheheoreadingheeqaeat at
address 50 are stored in the read buffer 62, and the operation proceeds to
step 9% Hecaurkaltreeifaifcipe ditnt theobedfeniflgi it &p ameadds onlysdaudgeich
whet her or not the data at address 52 are stored in the read buffer 62, and
t he opafati®n PioceEeHe hotsampng6thecdata ithe wididh allee NOsa&ing edeqasdti n
step S6 the data at addresses 50 to 52 of the storage nedium 61 are read
out byisaikcsadid)gfesnat it sToiRkigs hediumt, hend eark tlat e the dhtahimteydi deenyr ead
out are buffered at the head of the read buffer 62 as shown in figure vV Vv
V a | foywakrd datd Whleh aBelim cachd hY¥ldwhich travk ¥Yekn/ aBréadylbWfieded L J
J1ValJtolb5APRZ2O002 2(a), then the buffering process for the data
i s ended thnddde Hiaifef aso i o the FERIbWE] repiluEré dsta sthiecadhe hit.
transferred fromthe read buffer 62 to the conputer 63. Thereafter, data at
addr e gheefite S Whaarn whikin aldr esgpatel 1deuss of agadiRd vequksar Eopr@atgad
by the anmount which can be witten in the avail abl e space of the read

buf f eotodddaedskesidreien ane frorraranchgywthiaitosr dlataheonasitibthkeatomRuser t hat
the pre-read data 23, i.e., data at addresses 53 to 101 which have been
pre- r daguds v e cadiing teiifuedt R Hhdasend idat,athdrg issnehnesdi boftegade
2(b). Subsequently, when the Conputer 63 issues a reading request for data
at adekRSTETIS a1 datef tbhehithr gje peddifybiequesst &8 Hdsuedi Sromdgkd
whet her or not the data at address 48 as the reading start position data
are sieeorddd medd ungadnuthierdfZa candbeer gpefaited Nfak ehesread bepfér
because the data at address 48 are not stored, and in step S2 it is judged
whet heb @heGionpet éha) awhéraBgr €8s i80possible to utilize cache data

efficiently and effectively.

According to the present invention, in the aforementioned data
caching method, an arbitrary-sized margin which does not record the
pre-read data is provided at an end position of the read buffer,
and when the size of data which are not in cache hit among the data
to which the reading request is issued is equal to or smaller than
that of the margin, the data which are not in cache hit are read
out from the storage medium to be buffered in the margin so as to

be continuous with the data in the read buffer. Therefore, there



as the reading end position data are stored in the read buffer 6%,
operation proceeds to step S3 because fhe data at address 50 have al ready
been stored in the read buffer 62. In step S3 it is decided that the data
at addresses 48 and 49 which are not stored in the read buffer 62 can be
buffered into the read buffer 62, and the operation proceeds to step S4. In
step S4, the data at addresses 48 and 49 which are not stored in the read
buf f erisZharmeedatioonewtioem hild stfodaga madithm Gradiith bl ereeseby hat t he
read data 24 at addresses 48 and 49 whi ch have been read are nade

cont i NP Yso 4 ib1 éheodatdl dbeaddicties dat aard fiei et 1 pvand afifieesseslyas
shown in figure 1 15 APR 2002 2 (¢ ) . The read buffer 62 here has a

ring structpyegordifg. tdRhdpraskat Mventibe, ranthedafogunentionetdsderha are
transferred to the Conputer 63. thereafter, in step S5, the part where the

dat a %aé}%ﬁfe%@sbb&%ﬂeeaﬁér&élﬁéédm@istgjzém dabamaF§iAtiY sdtifgSEh

again as a head~position of the read buffer . As descri bed above, in the

data Camiidith fE81{oh A%CA ¢naah atils whiicht tREDBAH ABRY @(%déiﬁ: REeseflied.

i nvention, I1n a case where part of data for which a reading request is

i Ssueﬁﬁ%ﬁgﬁgéﬁffﬁ%ﬁrpﬁ@ahggﬁgr F§79a84f af &he YUY sddkd ophbehas £ not

store are rea m the storage nediumto be buffered

SO0 as {0 H COML A WREEe W L Eb}%bga&;% glsr §a@>é Y &S g iDe, & eagifd2ta

h
Therefore, there is no need to réwite all data in the read buffer, whereby
it is '{%§% jp | i gagheidata efficiently and effectively.
(Embodi nent %grgﬁﬂa%?gs, g data cachi ng net hod according to a second

embodi ment _Réc&?ﬁiﬂéet?@@hé PYEREheN Mhdht Pon dest knkedr ¥k bhehefishelceat e the

figures. Since the Structure of an apparatus to which the data caching
caching method, the size of the margin can be changed into an
arbitrary size on the basis of a past buffering state. Therefore,
margin can always have an optimal size, whereby it is possible to

utilize cache data efficiently and effectively.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a flowchart showing a buffering procedure of a read
buffer in a data caching method according to a first embodiment of
the present invention, figures 2(a) to 2(c) are diagrams for
explaining an example of changes in cache data in the data caching
method according to the first embodiment of the present invention,
figures 3(a) to 3(d) are diagrams for explaining an example of
changes in cache data in a case where all of data for which a reading
request is issued are in cache hit in a data caching method according
to a second embodiment of the present invention, figures 4(a) to

4(c) are diagrams for explaining an example of changes in cache data



met hod according to the second enbodi mgnt is applied is the same as that of
the apparatus to which the conventional data caching nethod is applied as
shown in figure 6, the description is omtted. The data cachi ng nmet hod
according to the second enbodi nrent will be described with seeing changes in
data in the read buffer 62, with reference to the figures. Figures 3(a) to

: E‘E) ggbiaﬂégﬁfﬁgﬁéﬁép?g' %t%é%?az“bn%gﬂ? § LT TS f g I
[ i L i e £ . , 3
(o) 2reip PRRERaE: ()% W ERRR s Tk bRc (Beckdidd W B M) o)

( b)T rri NUIer a eno a rea

numer al , 32 .denqt es. read data, ,nuneral. .33 denotes. pre-r ta, nmeral 34
Gonor BubRaiment S R co¥elngl IR oh A i dited (e e e
mar gi n,, nuneral 37 denlotes, cache data, _and nuger al 39 deno esﬁéa{'gage. dat a.
Next , IERGXEPE K0 PXRL AN MR EMPRLEnBEnGR2R8ES: dPn §AC0S cdhdf

enbodi nent will be described with reference tp figures 3 (a), fo 3 d .
Wien FRESCORBLETNSF 28 L2 PATHR 45 FEHRFI IR D &a‘?ﬁtﬁté%%’é%é'ﬁéﬂﬁﬁ to
52 of the storage nmedium 61, the data at addresses 50 to 52 of the storage
medi uRFEPTAEAS &8 dfiCHREh srRRIHReRbpafaths RECSERSWI Rt X2 shown i n
figure 3 a%%, the read data 32 which have been read are buffered at the
head of t¥e 3AHCLART eF189X8NA thed PLOTY SAgFan Htugbhphivg 83,
Thereafter, data at address 53 and the foll ow nqg addresses, of the _storage
gedi URPBRY ALY Bt WBAG Y PoRPIRENIAONAde dRddi GRS meFh ot RRHEA  an

e witten in the_avail abl e space of the read buffer, 62, apart fromthe
mar gi ANG4LHANERS] (33t tAt 7 (A IR PAITIBF AT 197P IR DI G R S XRMRL L L
addresses and do not record pre-read data and, _.as shown in figure 3. (b),
the pFBapgss d&x £aghe data nthecepvertiesalzdada) GfGiHing BefPdeen
preread are buffered to be continuous with the read data 32 up to an
address imedi ately preceding the margin 34. subsequently, assunme that a

r eadi ng reg{uest for data at addresses 56 to 61 of the storage nmedium 61l is
i ssucBEBY MREE: FiR FXECWHE BIE JMNENTEPNt he data at addresses 56 to 61 are
in the read buffer 13 1 5 APR 2002 62 and cache-hit, the cache data 37
are t FEMBPEAFERY lom the read buffer 62 to the conputer 63. Thereafter, as
shown in figure 3(c}, the head gosition of the read, buffer 6%,is set at the
head posiBSXLiRATYSEs cACHREAACACHINIIRGEIRE ARFPSHAT o i} THESFead buffer
62 is set at an address i medi ately prECedi ng the head posjtion of the read
buf f epmBodimend, 9f FREPrEssat h‘f"?‘h‘é’@ﬂd‘”ﬁo’s%ﬁ drsoFLiPRE WY ISHEFRENS2 by
5 addresses, which is the same as that of the margin 34. Thereafter, data
at adBiPetBe16198FFSt-he fol | owi ng addresses of the storage medium 61 are
pre-read by the anmount which can be witten fromthe head position aof the
margi n 3£iRFS d'-ll%es%’él‘b‘?E%’éei?ﬁﬁﬁ‘?a‘?@ﬂ’?rﬁpéﬁeﬁpnghﬂ-ﬁ@ ﬁgﬁgﬁﬁ‘@ §3aCMANLoun
in figure 3 ( ¢ ) , the pre-read data 3%, i.e.., datﬁ.a addresses 101 to
106 VIRPERCAAIECREGANG: Eor ERE S EsH ARROSYMeRF1F RARPHPE et S 62 RFHGAS a
ring Ertlggcégrte}ie apparatus to which the conventional data caching method

is applied shown in figure 6, its description will be omitted.
A description is given of a buffering operation of a read buffer
in the data caching method according to the first embodiment with
reference to figure 1. Figure 1 is a flowchart showing a buffering
procedure of the read buffer in the data caching methoed according

to the first embodiment.



Subsequently, when the conputer 63 issues a reading iequest for dafag PR 2002
addresses 51 to 53 which are forward ddresses than data at addresses 56 to
61 of the storage nedium 61 , for which the reading request is issued the

| ast tine, since the data at addresses 51 to 53 are in the read buffer 62
as shown in figure 3(d) and cachehit, the cache data 38 are transferred
fromthe read buffer 62 to the conputer 63. Further, since the data at

addr ess it dd1isite thadiompster 63pissiena deadingaapiestforhdabeatoxesi ti on
of the margin 36, there is no need to pre-read the data. As descri bed
aboveini mhichetdatagec meldiimn €dt-hdth atexy &lng itto ifshej wkpah drlestitosh rentnedd t he
present invention, an arbitrary-sized margin which are nit rewitten by the
pre-r ehe Hehd dstsaimaig the datd fob wik2€02 eeddpasi i équest iddeserd
buffer, whereby data to which the reading request was issued the |last tine
renai phektelihg ftaad Réferfredntb ids i fed@bRgbhtate pbslitdenc@ita)dalr® in
efficiently and effectively. Further, when all of data to which the reading
requeghch® hityednd Ghedl ktehidatal BeeSeht cAGhieS hdRgNANE PPt dtiain idaed ead
pVS~ition of cache data is the head position of the read buffer, and an
addr egfrolighdpzbelysRise¢eehbat! Pealtnd RRY daLR Pfoh ené eabrild aleditm he
end position of the buffer, and furthér the position of a margin provided
at t hmzndnaoahéhoenefdéhs Deé Fridt 135 dathe hargedneMdpreatiit iidie

whi ch the readzng request was issued the last tinme refmain in the buffer,
and tfySstlep $2R0951 RFtep B2 11t SBs CasdgedalRehbiChenhby ¥he eelagaidste! V.-
(Embodi nent “3) Hereinafter, a data caching method according to a'third
embodjgeat afbnlgh e hY R fdWaHicN hé | rO849RSCHERRG W tily rigfRfefice to the
figures. Sincethe structure of an apparatus to whi'ch the data caching

met hognhagedhdirter,OrbRerirbiarto @EPdhABAY é5d 3 i efhn Yt ArERIREalh Of
the apparatus to which the conventional "data caching method is applied as
shownnif fhREIEhén e dIRSCHIKR hER {8 QHBRE afit The e cAoiigrovielad
according to the third enbodiment will be described, with seeing changed in

data ¢8 sh!‘_@p s¥PEnQH I Lo Oehe Wdth E8ERMRICR tiHe Eaﬁdfﬂrﬁuiééueﬁh% 2gshed) to
4(c) are difagrans for explaining an exanple of the changés in cache data in

the data £ashi Gt "BESIRE S Agk tfed {i6n 141 b B W fEded WS tiRFHRAAAL A
position of the read buffer 62, while when the data ar; in cache
hit, the operation proceeds to step S3. In step S3, the size of data
which are not in cache hit among the data for which the reading request
is issued is compared with the remaining buffer size which is
obtained by excluding cache-hit data among the data for which the
reading request is issued from the read buffer 62, and when the size
of the data which are not in cache hit is larger than the remaining
buffer size, the operation proceeds to step S6, while when the size
is equal to or smaller than the remaining buffer size, the operation
proceeds to step S4. In step S4, the data which arc not in cache

hit among the data for which the reading request is issued are read

out from the storage medium 61 to be buffered in the read buffer
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is ~15 APR 2002 are changed in the order of figure 4(a) 4( b) andgging mmz
whi ch nuneral 62 denotes a read buffer,gnuneral 32 denotes read d

nuneral 33 denotes pre-read data, nuneral 34 denotes a mar gi n, and nuner al
44 denotes read data. Next, the operation of the data caching nethod
according to the third enbodinment will be described with reference to
figures 4(a) to 4 ( ¢ ) . when the conputer 63 issues a reading .request

for daga ab 2AICIIRS hlkd wd Widd heost PRESES n@ﬂtﬂm;ﬁé cslaﬁedﬁ&% dbta.

addresses 50 to 52 of the storage nedium 61 are read out by a reading

. st h

PP 10 S9918 Wi 38R 1 GRS rtat gt

b ff t . end th t
“ ertsgé £hle bplig Qufd eédﬂgtﬂlngéslﬁg S; 0L éQetﬂé‘ ?eéé%ﬁg Egﬁuégg g g%a 0

A readlng request are transterre e [Féd

6
taﬁgﬁ eieéé"ﬁ?t:? né i&ﬁcglév e%é%f{m%?tévé‘tﬁ%gréifif% e %ﬁ%%; A, :gceaen be
S serBapehla e S et S g BRREL AT
pre-read datia 33, i.e:) data at addresses 53 to 100 whi ch have been

pre- re&ﬁngg buffered to be continuous with the read data 32 up to an

addr ess i recedl t he 34, .as shoar,n i.n fi

A becouentiart axhie Bz EeL E‘&d‘i"ﬁgg?gqﬁ%‘é?f%?gd‘é? g f&a&#ﬁs&*ﬁgéﬁgéfxa 52
of the sto m 61 i |ssueg 4; 4 The, dat .
I ésgreaeganﬁawﬁa 308 Yok P AR e rovikli s it rhadues, ipne
ot her Hand dat a ‘%ggres es 4 and 49 are not 16 1.5 APR
2002 | aFﬁelPe AIGD EAtY Retereacs: onEh aflagwﬁ?%n Eigurge
stored I#er thané;hat of Pe mar I n thls e data at
SO0 ca268) 2B0 La e 4mEe A1 S5rsne £y (AL {ng AR SRARRIE GF the Shanmern
figure. 4 t he da 44 i ch have, been r a out are buf f.ered at
b erdnobafhEodash it ShE Hata4oh g MeEhodaaGEPrding. tBnghBEigste,

are made, cqQnti nuou Then, the data at add%ﬁsses 48 to 52 of %he st orage

medi UnFBEo eglepﬁaﬂifweer%e%e%mm%? c3heTFache AR A CBNEA% Hhas a
ring struc descri hed abgv ata cachjn according to
he i nERE eI ST e 2 g0n ahb At 2 (eob BWREs BIRET4i0 62, GSRERES dat o
is set at the end position of the read buffer, and in a caie where part of

t he dafarFdeﬁPéﬁtheqﬂﬁﬁﬁ%ﬁ)%%Hﬂﬁﬂﬁt?§ reddedatre BUBPERL A3t ASPPELS
buffer, only data which are not stored in the read buffer are read out from
t he stBFSgEeﬁédﬁiEQK34ﬁ§tﬂHW%ﬁ%&i%ﬂ deRot?y B8t A8Rh2of the margin and
transferred to the conputer, whereby there is no need to rewjte all of
data in tNQQQ%ﬁP?nﬁ?QP“t%ﬁd6§hh§5PF5|§ B&adilhde MRS Y iTAF

efficiently and effectlvel éEnbodlnent l Hereinafter, a_ data cachln

met hodaﬁéé’SFaFﬁg5Po‘5% ¥ &1 Hh nHEeF AR MR LIRS Ly éé’eﬁFePn%r&‘i & Wﬁﬂege

descri bed th reference
! whe ﬂgr or not the data at address 50 are stored in the read buffer

62, and the operation proceeds to step S2 because the data are not
stored, and in step S2 it is judged whether or not the data at address
52 are stored in the read buffer 62, and the operation proceeds to
step S6 because the data are not stored, and in step S6 the data
at addresses 50 to 52 of the storage medium 61 are read ocut by a
reading apparatus not shown, the read data 22 which have been read

out are buffered at the head of the read buffer 62 as shown in figure
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to figures. Since the structure of an apparatus to which the dat?gmm
met hod according to the fourth enbodinmert is applied is the sane

t he apparatus to which the conventional data caching m1l 5 APR 2002
method is applied as shown in figure 6, its description is omtted. The
data caching nethod according to the fourth enbodinment will be descri bed,
with seeing changes in data in the read buffer 62, with reference to the

figure (& gwhrm tha) bk O£ oL EhgPpLosesy o ther dgxp! Bd @mcﬁhaﬁa%-d%t%f
the changes in cache data in the data caching nethod according to the

fourth o f@RtthdNeesathy dabdeateishangdadd Arde Adderdda fridnwie 5 (
a), 5(b),5(c), 5(d)ad5 ( a) , in which nuneral 62 denotes

a read Juid &y fUITRI Al 32 et ead dath e FUNEE SL, 320N ¥ &d &3

data, nuneral 34 denotes a margin, nunmeral 44 denotes read data, nuneral 54

denot t | | YS)
enot es; Jfad Kl fuefi %ﬁ%ﬁﬁgﬁeﬁ%ﬁﬁdﬁéémﬂh 361’”34:'% ?erél‘i'@cf‘ by

denotes a nmargi n, nunera read nuner a denot es “r ead

SZ}E‘; n?%e&of I R WG, W Mk avd 0P BPE" Ea60 &F i 28L
. . . 63 i

g e R S L
| oadh nd 2o, ML pod-Laadl adbal 33,21 OLIPAUPH 4B M BLELE NS A8 A 2
d 3.2 whi
a1 e "EACH HavE EEICERel P alit e tidag oV Sithdle WIS BRE PoaliadfBY. |
whi ch talge éhel:?ﬂl n%érfi#@]gé %?b'ﬁsued are transferred fromthe read buffer 62

nput er ) erearte

ggdiggsgg f i e gata at ?dfiress 53 and the f;)l I oy\n;:ng b
witton i notRaCGyShRIRPCvERE Ak Mo B B B8ues L5 AT n ok BB
e e
0 B Rty ilia o RO B 0L AR R
.
T ) i L R
of) b ol id MO i B S Mgl
Pt et ualoatiys gl b s s 1 A
A b S b Sy o SR A
road DU Sl 150 Hadl 3 PR PR TR Rt BT o AT
st Ve TR Mo Qe e Sl b st
e el OIS Bh Ph U i L e R
var g n 0 OBRESEHE ARECFRAHo G 4 S6P, Sh-o In GHPR S A% 42 ERS59HE 5 i ch
have begh M43 a2 mor"Stokedl in the read buffer 62 are read out
from the storage medium 61, and buffered so that the read data 24

at addresses 48 and 49 which have been read are made continuous with

the data at address 50 and the following addresses, as shown in figure



1 5 APR 2t102 19 continuous with the rgad data 54 up to an addres§% APR 2002
i medi ately preceding the margin 56, as$ shown in figure 5(d). Subsequently,
assume that a reading request for data at addresses 38 to 46 of the storage
medi um 61 is issued by the conputer 63. The data at addresses 44 to 46 have
been already stored in the read buffer 62. The data at addresses 38 to 43
are nof, stor in the read buffer 62 ifion he. si of the £

ot oh 2+€) polihe Bead PRtRRE Eaniirg ot S, e s <So Theh (1iite S

the data at, addresses 38 to 43 arc read out fromthe storage ium.61. As
Shor antSh ¥PaGne ERECy e Ay riert B8 TRPRRONArE FEBROraty Bl o the
buffered fromthe head of the margin 56. The read buffer 62 here_has a ring
st r uct SPBPUFREN &3 hEFREECAT LI R FHEPr ddi h§Cr B3EdsWhsrs irAata at
transferred to the conputer,K 63. Thereafter, the head position o:f the read
buf f eradPress 4R ag thRererdingsdiaitoRositind daha kg o5 edAd Fok agadn
position of the read buffer is set at an address i mEdi ately preceding the
head pd$iaibRads poid ti®pd fufthe B2ad RRERGE, 62ke margin 59 of 6 addresses,
whi ch has the sane size as that of the margin 56, is set again at the end
position & descraékedaboye,6in hhegdataierchingrethod tarcerd ing dehithe

nmet hod according to the fourth enbodi nent, the margi n which are not

rew i tfensbyembedpmentead thespresent tnvehtiend posd tdage ofheir pakkl of
buffer, and in a case where part of data to which the readi ng request is

i ssueddata Seorwhlich a eeading megduestinis fissuad hase baene adiraggya shioired ar e
not stored in the read buffer is 7.arger than that of the margin, the size
of ~inZhePreagbbabfene emiyidatiswhdichagiienmaeb stieres] ia bhetrradibug i ch
are not stored, whereby the margi n al ways has an optinmal size, and thus it

i s posaréreadigerm the sdaurageined ivnf tehembnffengdesd @t todtg continuous
APPhI CAHI LI TY I N | NDUSTORY As descri bed above, a data cachi ng net hod

accor diith tthe hdapa eskbneadyivetored i thetrdrd huffar cafherglinnehodhers
caching data in a CO, a CO-ROM a CD-R { CD-Recordable ) , a CD-RW(

CD- Re-1¥ inabheell toarpvbiReMallvilartendimritle Meead yhputieDyDWRANEbPVDIRASdom

Access Menory) or the like. ' 21 CLAIM5 1 5 APR 2002 1. A data caching
met hodpdss ibhehtagutialldziey caghienydatp cefticientlyr andesffechyyslar. i ssues a
readi ng request for data stored in .

(Embodiment 2)

Hereinafter, a data caching method according to a second
embodiment of the present invention will be described with reference
to the figures.

Since the structure of an apparatus to which the data caching
method according to the second embodiment is applied is the same
as that of the apparatus to which the conventional data c¢aching
method is applied as shown in figure 6, the description is omitted.

The data caching method according to the second embodiment will
be described with seeing changes in data in the read buffer 62, with
reference to the figures. Figures 3(a) to 3(d) are diagrams for

explaining an example of the changes in cache data in the data caching



a storage nedium conprising: a step J? j udgi ng whet her data storgd PRt 2602
storage nedium to which a reading request is issued, axe in cache hit with
data whi ch have been already buffered in the read buffer; a buffering step
of, when it is judged in the cache hit judgenent that data to which the

r eadi 1.S34,5SU a t i n LN eghirt,, sreadi ng
it Ry T SR oA Ig 6D Phels8ohd WABERIIR. i N ARREC e, o

r eadi r LS, f rag di t e ffek i he
ead BOAPERE S, che SEERE o BTgheR BRVG23 B Ty, Anle i nct i vhish et
of , after the fferin ransf.etrl th at a . L C. i request
s SeHBETAL (5 SOt Bt PP oRg PHE TSROt e L piit o8 F REA. Rt
after transferyjng the data to ich,the reading est, is issued.fromthe
fend BUMEEAL 33 HEERDRR: BFe-PaS: DAdmq THIEE i 1 RIPEeS, PRI Ae
storage nedi_um supsequent to the data to which the readin uest .i s

1 .
 souclUMEEAL 5 AGHUES L oFFafodBE ap  IRBEERY 1) § MERQLSS LA FaFIEBras t o

be continuoys with the data to which the reading request is issued i.n the
read BumesRl 37 depates fanhy dafdodng ng R 3 4aNAtRS ARSIt 1 5
APR 7002 in a case where data have bheen already stored in the read buffer
so as to ¥eXeorthe RRRCAF1P0 (e thaet dats GAFBANGhBeEBYdi AGCPEGEET: tPsthesued
i.n the read buffer, the pre-reading,step does not carry out, the

pre- r 68§PRG embodimant widdi ke AEERBEAPEY WethnEaLrPReRrS R 2L 4HRFeS 3 (Rdn it
ils judged in the cache hit judgenent that at |east rearnost data_anong the
data t8 3HdR then &RQ FOMPGRISHE 3 dspuesed Bradipgcaeruchitt forndabarering
step reads only data which are not in cache hit anmong the data to which the
r eadi Agdreggest 50stps8dedf thenftpragesragdiumetl unthadpbarikraddrrsegsa

i mredi ately forward data Wiich are in cache hit which have, been al ready

buf f eP8dt? P2 BE EBEES HRFAGE ReAHN 6] BESf HRAR\RIL BY AHeeA3LRT i FPRAEMHIH ¢ .
4. A data caching nethod as defined inn claim3 wherein an_arbitrary-sized
nar gi ROBhFBAWAOBBAN02S  $RRWR dLR Hel PR P dihe reask dft@ecd2arhirhigre
position of the read buffer, and when the size of data which are not in
cachebRen Zpafg anee bydfitenesd ah dhe headkaf e &RASPISISEERARS BREAI to
or smaller than that of the margin, the data which are not in cache hit are
read BEARFLERTSSE tor bhEJEORBUEER $3- hEDETRRETEF /i AatieatmAdiReEs 23 3R pe

continuous with the data in the read buffer. 5. A data caching ne hgd as
def i nehej fotlawing agdresses of the storage medium 61 are pre-rea rom

the storage medium 61 by the amount which can be written in the
available space of the read buffer 62, apart from the margin 34 which
is set at the end position of the read buffer 62 by 5 addresses and
do not record pre-read data and, as shown in fiqure 3(b), the pre-read
data 33, i.e., data at addresses 53 to 100 which have been pre-~
read are buffered to be continuous with the read data 32 up to an
address immediately preceding the margin 34.
Subsequently, assume that a reading request for data at

addresses 56 to 61 of the storage medium 61 is issued by the computer

63. Since all of the data at addresses 56 to 61 are in the read buffer



before the pre-reading step, the nargij§ is set again i mediately f1)5wﬁP8 2002
the data to which the reading request 1s issued. 6. A data caching nethod
as defined in claim5 wherein the sine of the margin can be changed into an
arbitrary size 23 1 5 APR 2002 on the basis of a past buffering state. .A
AIN3 .AAA.A . A3A . AALAT.AA A{e.AY AUE.A .AE.AA2 A .AF

: ﬁg\f ?EX%‘ZE FE)’/]&?;\H: z’~fthoef (f_achﬁ%a actaﬁ 03a7] cae'{clj cta acna fcea IE:%? cg %rg] %%‘]2 c%eL]]a%a] ca
I ca] cgl.¢qlsaksal ga al canbaebl o caksiBakaFiks ,2heal igbhoah cal fupbZsle),
the head position of the read buffer 62 is set at the head position
of the cache data 37, and the end position of the read buffer 62
is set at an address immediately preceding the head position of the
read buffer 62. A margin 36 is set at the end position of the read
buffer 62 by 5 addresses, which is the same as that of the margin
34. Thereafter, data at address 101 and the following addresses of
the storage medium 61 are pre-read by the amount which can be written
from the head position of the margin 34 up to the address immediately
preceding the margin 36. As shown in figure 3(c), the pre-read data
35, i.e., data at addresses 101 to 106 which have been pre-read are
buffered. The read buffer 62 here has a ring structure.
Subsequently, when the computer €3 issues a reading fequest for
data at addresses 51 to 53 which are forward addresses than data
at addresses 56 to 61 of the storage medium 61, for which the reading
request is issued the last time, since the data at addresses 51 to
53 are in the read buffer 62 as shown in figure 3(d) and cache-
hit, the cache data 38 are transferred from the read buffer 62 to
the computer 63. Further, since the data at address 51 as the reading
start position data are data at the head position of the margin 36,
there is no need to pre-read the data.
As described above, in the data caching method according to
the second embodiment of the present invention, an arbitrary-sized

margin which are not rewritten by the pre-read data is set at the
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Since the structure of an apparatus to which the data caching

method according to the third embodiment is applied is the same as
that of the apparatus to which the conventional data caching method
is applied as shown in fiqure 6, the description is omitted.

The data caching method according to the third embodiment will
be‘described, with seeing changed in data in the read buffer 62,
with reference to the figures. Figures 4(a) to 4(c) are diagrams
for explaining an example of the changes in cache data in the data

caching method according to the third embodiment. The cache data
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are changed in the order of figure 4(a), 4(b) and 4(c), in which
numeral 62 denotes a read buffer, numeral 32 denotes read data,
numeral 33 denotes pre-read data, numeral 34 denotes a margin, and
numeral 44 denotes read data.

Next, the operation of the data caching methoed according to the
third embodiment will be described with reference to figures 4(a)
to 4(c). When the computer 63 issues a reading request for data at
addresses 50 to 52 of the storage medium 61, the data at addresses
50 to 52 of the storage medium 61 are read out by a reading apparatus
not shown and, as shown in figure 4(a), the read data 32 which have
been read out are buffered at the head position of the read buffer
62, then the buffering process of the data is ended, and the data
to which the reading r;aquest is issued are transferred from the read
buffer 62 to the cﬁmputer €3. Thereafter, data at address 53 and
the following addresses of the storage medium 61 are pre-read by
the amount which can be written in the available space of the read
buffer 62, apart from the margin 34 set at the end position of the
read buffer 62 by 5 addresses, and the pre-read data 33, i.e:, data
at addresses 53 to 100 which have been pre-read are buffered to be
_continuous with the read data 32 up to an address immediately
preceding the margin 34, as shown in figure 4(b).
Subsequently, assume that a reading request for data at addresses

48 to 52 of the storage medium 61 is issued by the computer 63. The

data at addresses 50 to 52 have been already stored in the read buffer

62. On the other hand, the data at addresses 48 and 49 are not stored
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stored is smaller than that of the margin 34. In this case, the data
at addresses 48 and 49 are read out from the storage medium 61. As
shown in figqure 4(c), the read data 44 which have been read out are
buffered at the end position of the margin 34 so that the data in
the read buffer 62 are made continuous. Then, the data at addresses
48 to 52 of the storage medium 61 are transferred to the computer
63. The read buffer 62 here has a ring structure.

As described above, in the data caching method according to the
third embodiment, a margin which are not rewritten by the pre-read
data is set at the end position of the read buffer, and in a case
where part of the data to which the reading request is issued are
stored in the read buffer, only data which are not stored in the
read buffer are read out from the storage medium to be buffered at
the end position of the margin and transferred to the computer,
whereby there is no need to rewrite all of data in the read buffer,
and thus it is possible to utilize cache data efficiently and
effectively.

(Embodiment 4)

Hereinafter, a data caching method according to a fourth
embodiment of the pxi'esent invention will be described with reference
to figqures.

Since the structure of an apparatus to which the data caching
method according to the fourth embodiment is applied is the same

as that of the apparatus to which the conventional data caching
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be described, with seeing changes in data in the read buffer 62,
with reference to the figures. Figures 5(a) to 5(e) are diagrams
for explaining an example of the changes in cache data in the data
caching method according to the fourth embodiment. The cache data
are changed in the order of figure 5(a), 5(b), 5(¢), 5(4) and 5(e),
in which numeral 62 denotes a read buffer, numeral 32 denotes read
data, numeral 33 denotes pre~read data, numeral 34 denotes a margin,
numeral 44 denotes read data, numeral 54 denotes read data, numeral
55 denotes an increase in a margin, numeral 56 denotes a margin,
numeral 57 denotes pre-read data, numeral 58 denotes read data, and
numeral 59 denotes a margin.

Next, the operation of the data caching methaod accoraing to the

fourth embodiment will be described with reference to figures 5(a)
to 5(e). When the computer 63 issues a reading reguest for data at
addresses 50 to 52 of the storage medium 61, the data at addresses
50 to 52 of the storage medium 61 are read out by a reading apparatus
not shown and, as shown in figure 5(a), the read data 32 which have
been read out are buffered at the head of the read buffer 62, then
the buffering process of the data is ended, and the data to which
the reading request is issued are transferred from the read buffer
62 to the computer 63. Thereafter, data at address 53 and the

following addresses of the storage medium 61 are pre-read by the

amount which can be written in the available space of the read buffer
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preceding the margin 34, as shown in figure 5(b).

Subsequently, assume a reading request for data at addresses 44
to 52 of the storage medium 61 is issued by t;.he computer 63. The
data at addresses 50 to 52 have been already stored in the read buffer
62. The data at addresses 44 to 49 are not stored in the read buffer
62. In addition, the size of the data which are not stored is larger
than that of the margin 34. In this case, the data at addresses 44
to 52 in the storage medium 61 are read again, and the read data
54 which have been read again are buffered at the head of the read
buffer 62 as shown ih figure 5(c) and then transferred to the computer
63. Then, the size of the margin is changed intoc the same size as
that of the data which were not stored in the read buffer. The size
of the data which were not buffered is 6 addresses, while the size
of the margin 34 is 5 addresses. Therefore, the size of the increase
55 in the margin is equal to 1 address. The margin 56 of 6 addresses
is newly set again at the end position of the read buffer 62.
Thereafter, data at address 53 and the following addresses of the
storage médium 61 are pre-read from the storage medium 61 by the
amount which can be written in the available space of the read buffer
62, apart from the margin 56, and the pre-read data 57, i.e., data

at addresses 53 to 93 which have been pre-read are buffered to be
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$10%, L1 MW{H@’%\Q&W}O‘% 3&90@{% .Qx figure 5(d).

Subsequently, assume that a reading request for data at addresses

38 to 46 of the storage medium 61 is issued by the computer 63. The
data at addresses 44 to 46 have been already stored in the read buffer
62. The data at addresses 38 to 43 are not stored in the read buffer
62. In addition, the size of the data which a#e not stored is the
same as that of the margin 56. In this case, the data at addresses
38 to 43 arc read out from the storage medium 61. As shown in figure
5(e), the read data 58 which have been read out are buffered from
the head of the margin 56. The read buffer 62 here has a ring
structure. Then, the data to which the reading request is issued
are transferred to the computer 63. Thereafter, the head position
of the read buffer 62 is set at the head position of the read data
58, and the end position of the read buffer is set at an address
immediately preceding the head position of the read buffer 62.
Further, the margin 59 of 6 addresses, which has the same size as
that of the margin 56, is set again at the end position of the read
buffer 62.

As described above, in the data caching method according to the
fourth embodiment, the margin which are not rewritten by the pre-read
data is set at the end position of the read buffer, and in a case
where part of data to which the reading request is issued are stored
in the read buffer and further the size of data which are not stored

in the read buffer is larger than that of the margin, the size of
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whereby the margin always has anoptimal size, and thus it is possible

to utilize cache data efficiently and effectively.

APPLICABILITY IN INDUSTORY

As described above, a data caching method according to the
present invention is suitable for a caching methoed for caching data
in a CD, a CD-ROM, a CD-R (CD-Recordable), a CD-RW (CD-Re-Writable),
a DVD-ROM (DVD-Read only Memory), a DVD-RAM (DVD-Random Access

Memory) or the like.
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1. A data caching method for caching data by employing a read
buffer when a computer issues a reading request for data stored in
a storage medium, comprising:

a step of judging whether data stored in the storage medium,
to which a reading request is issued, are in cache hit with data
which have been already buffered in the read buffer;

a buffering step of, when it is judged in the cache hit
judgement that data to which the reading request is issued or a part
thereof are not in cache hit, reading out only data which are not
in cache hit, among the data to which the reading request is issued,
from the storage mgdium, to be buffered in the read buffer so as
to be continuous with data which are in cache hit;

a step of, after the buffering, transferring the data to which
the reading request is issued in the read buffer to the computer;

and

a pre~-reading step of, after transferring the data to which
the reading request is issued from the read buffer to the computer,
pre-reading data which are stored in the storage medium subsequent
to the data to which the reading request is issued from the storage
medium, to be buffered in the read buffer so as to be continuous
with the data to which the reading regquest is issued in the read
buffer.

2. A data caching method as defined in claim 1 wherein
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is issued in the read buffer, the pre-reading step does not carry
out the pre-reading.
3. A data caching method as defined in claim 2 wherein
when it is judged in the cache hit judgement that at least
rearmost data among the data to which the reading request is issued
are in cache hit, the buffering step reads only data which are not
in cache hit among the data to which the reading request is issued,
from the storage medium, and buffers the data immediately forward
data which are in cache hit which have been already buffered in the
read buffer so as to be followed by the data in cache hit.
4. A data caching method as defined in claim 3 wherein
an arbitrary-sized margin which does not record the pre-read
data is provided at an end position of the read buffer, and
when the size of data which are not in cache hit among the
data to which the reading request is issued is equal to or smaller
than that of the margin, the data which are not in cache hit are
read out from the storage medium to be buffered in the margin so
as to be continuous with the data in the read buffer.
5. A data caching method as defined in claim 4 wherein
before the pre-reading step, the margin is set again
immediately forward the data to which the reading request is issued.

6. A data caching method as defined in claim 5 wherein

the size of the margin can be changed into an arbitrary size
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