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buffer, nuneral 72 denotes readDg@kaCA%%rﬁeralME&%OD

TECHNICAL FIELD
The present invention relates to a data caching method for

caching data by employing a read buffer.

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, numeral 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 fiqgures 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,



denotes pre-read data, nuneral 74 denotes read data, and nuneral 75 denotes
pre-read data. Next, the operation of the conventional data caching nethod
will be described with reference to figure 6 to 7(d). Wen a conputer 63
such as host conputer issues a reading 4equest for data at addresses 50 to
52 in a storage nmedium 61 such as CD- ROM or DVD, 2 the data at addresses
50 to 52 of the storage nedium 61 are read out by a readi ng apparatus not
shown and, as shown in figure 7 ( a ) , the read data 72 which have been
read out are buffered at the head of the read buffer 62 agnd then
transf dheedatd e adKRAEES 630 YPer eaPfckhegatarageatighddd $3 i read
subsequent addresses of the storage nedium 61 are pre-read by the anount
whi ch @3+ b¥ @r readangnaprarasis| BBEeSBpuBeand/ t3H ShAWP bt ffIWe di@) ras
shown in figure 7 (b ) , buffered up to the end position of the read buffer
62 so ttHe reled gadar d3dwhach havejbeen paad aut awr dysklensd (3¢ tdre Bisiach
have been pre-read are nmade continuous with the read data 72. Subsequently,
when t lef ddvgputead a3 fEene62 aandathay tegoederred ¢t Ahst compuERessU8 to
50 of the storage nmedium 61, it is judged whether the cache hit occurs or
not dehedieaf tar watwerabraddregat 23 aandddnbsequgnis adairessies afeddiag
starting position are stored in the read buffer 62. Since the data at
addr esstfagge mastiumd dete ipra-reacdy ddten ar@uarid whhissIp caly deed wirdita e1g
whi ch have been stored in the read buffer, the cache hit does not occur.
Thus, dat &hatawdillebiessg8ce®Hahef rehd st bHf ey raaidinas1s beenrigad iggaien
and, as shown in f figure 7 ( ¢ ) , the read data 74 which have been read
out ar ¢ (huf,f euddeated hp heathefend edsuftf ivryn membhye B82adnbufhen 62 avsftérated
to the conputer 63. Thereafter, data at addresses subsequent to address 50
of the tHeopage readi dat@l 78r,e ipee-r dadabyttdddravsas SMitoh lddn Wielalr inaven i n
the avail abl e space of the read buffer 62 and, as shown in figure 7 ( d ) ,
buf f er ¢kaip gre-tteadrarpasadé ovont ihbeuseadthuther ré2dsdattaat7 2.he pre-read
data 75, i.e., data at addresses 51

Subsequently, when the computer 63 issues a reading request for

data at addresses 48 to 50 of the storage medium 61, it is judged
whether the cache hit occurs or not depending on whether or not data
at address 48 as data at a reading starting position are stored in
the read buffer 62. Since the data at address 48 are not included
in the read data 72 and the pre-read data 73 which have been stored
in the read buffer, the cache hit does not occur. Thus, data at
addresses 48 to 50 of the storage medium 61 are read again and, as
shown in figure 7(c), the read data 74 which have been read out are
buffered at the head of the buffer memory 62 and then transferred
to the computer 63. Thereafter, data at addresses subsequent to
address 50 of the storage medium 61 are pre-read by the amount which
can be written in the 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



3 to 99 are nmade continuous with the read data 74. As described above, in

t he conventional data cachi ng nethod, even when part of data for which the
conput er ' 63 i ssues the reading request§ have been previously stored in the
read buffer 61, it is judged that the cCache hit does not occur when data at
the reading starting position are not stored, and reading is perforned
again fromthe storage nedium6l to rewite all of data in the read buffer
62, thereby resulting in a | ower efficiency. Further, when the conputer 63

i ssues_a readi ng request f.or data whi are not . stor in the read buffer
62, evEf aﬁeﬁrﬁhg‘aggdlc&?%]fuqq’?e “Hg}h%}}? sq‘?agcﬁtq?t? oﬁj\hrd than those of
data stored iin the read buffer 62, and there ar ew changes t ween
pre-rew i tﬁ%aeﬁﬁf:ébﬁﬁda ¢ e Aok ?Fﬁ&vﬂqﬁo aﬁegagf"aca} 2 %"ﬁeﬁ‘&\ﬁﬁuﬂ%ﬁl 62
are all rewitten. Accordingly, the efficiency is |pw._The, present.
[ nvent MBAT BAREABE ABFReROd WHEM R RIS T Hoch brUbPERR, LARCERASLPEr i (s
object to provide a data caching nethod whi ¢ch can utilize gachg datg .
ef fi ci ERAPESEAdhaVEcBERRePYCVEPEBLYSERRIEE FRELPRVERFARMALES: Al ngttol? he
present invention, there ismgnovided a data cachj ng net hod for caching dat a
by enpUbgoRg hhatalihBurpeRevAéh dOoeBnPREePCTYkuEReR ¢25ai Ah FREuesid+Ry
data stored in a storage medium conprising: a step of judging whether data
st or edstArtiagds Pesddd ome @remnotto skeirad ra aTEhdi g ¥t UkS tPeELPEReRI2IALR i n
cache hit with data which have been already buffered in the read buffer; a
buf f er fmgm the storage medium 61 to rewrite all of data in the read buffer
62, thereby resulting in a lower efficiency.
Further, when the computer 63 issues a reading request for data
which are not stored in the read buffer 62, even when the address
of the data is slightly forward than those of data stored in the
read buffer 62, and there are few changes between pre-rewriting data
and post-rewriting data, the data in the read buffer 62 are all
rewritten. Accordingly, the efficiency is low.
The present invention is made in view of the above-described

problems, and has for its object to provide a data caching method

which can utilize cache data efficiently and effectively.

DISCLOSURE OF THE INVENTION

According to the present invention, there is provided 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



4 step of, when it is judged in the cache hit judgenent that data to which
t he readlng request is issued or a part thereof are not in cache hit,
readi ng out only data which are not in Eache hit, anmong the data to which
the reading request is issued, fromthe storage nedium 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 conputer; and a pre-reading
step of ,_after transf.err.i ng the data h the readin eguest .is issued
rom CrEdidt o R 48 ehduediglibr ehe, SArEE A1 SERGAAErBhFE s o i
the stora medi um sybsequent t the.data to mhlch the rea e
| Sued T ESh (TS STBALERS ERRUAPS: SOb4oBURRePES Rattie GHERFAIALS NAF ol £ o
be continuous with the data to which the readin uest is issued in the
o bATERS Trifer drAELNG (OUs Gy 08 tANERAER. FEnbb Ladh SACHECE S o AW
the conputer issues the readlng request are in cache hit, and only data
whi ch arke fAta £ athehithe xeading (ﬁﬁqq?ﬁﬂ%%é%ﬁlﬁ%geﬁ?ﬁéﬂﬂiﬂﬁ tSFP&a9e
buffered in the read buffer, whereby there is no need to rewite all of
dat a i MehEIReatP b*a?f}é’ﬁffﬁﬁﬁdt hﬂstp? F§aﬁo§§ifl§IE§ £6 @S 150 & £ dutops
efficiently and effectively. According to the present_invention, in the
af or ek RE A GRCH g ATE N i AR o ARRSE MR BESPTiBady
stored in the read buffer so as to be continuous with the data to which the
r eadi ntrangEerrirg teidatiantohehiehdtriffeadinhagguestedsi agsyedplydere not
carry out the pre-reading . Therefore, there is no need to rewite data
whi ch Hesed dhueéely beechhet opBHuLAr; handead prg-reading steptdfis aftes
possible to utilize cache data efficiently and effectively. According to
t he preseans feweing orhe i dataetafwrigie o mahdiag rephesty yetisshiedvfaren t
is judged in the cache hit judgenent that at |east rearnpbst data anong the
dat a t ctiwhinstad baffexdtagthermeputer; spuedrend ing dathewhich are shgirest i ng
step reads only data which are not in cache hit anong the data to which the
r eadi ngir e sttarages quasti un rothseguenbortyehmedang tnavhoidl dihe teaddaian
i medi ately forward data which are in cache hit which have been already
buf f er etkquestheis ebglsbed f Eromothe sbobageomkedien,byot he daxffeanedadochdd t .
Therefore, even when the conputer issues a reading request for data of
addr es ss=advbudif ear sofam war be tdrart ihatusfviddt ahecdatha do whecbobpetreadissues
the reading request the last tinme, there is no need to read again the all
dat a t redhiedr tibeissaek A9 tleeuwesd bsffssuetthbrefolres st drsajed gediwngt hand
the data can be transferred fromthe read buffer to the conmputer, whereby
it s passiol allocofitddtzeccatliehdahe ebhpatent iysaad €fi¢ adadily refpestdi ng
to the present invention, in the aforenentioned data caching nethod, an
ar bi t r arne dirz edcier fin, wand honbesiawd wheicdr drtehaopr énreadhdalh at | asr prmeadded
at an end position of the read buffer, and when the size of data which are
not i n afclieohi theasnng aigleeneldiamtto bhibalt fidreed ¢éadi ng readuest fes, whsuredy S
equal to or smaller than that of the margin, the data which are not in
cache hHews dsrradneed o aewiriccstdlage dedh uh thebeehdf beredr| nmidiehwr gi n
so as to be continuous with the data in the read buffer. Therefore, there
6 i s noweedpgoesiond e atlildizedabahendalta egadcientary amieedfedtiviedy.
possible to utilize cache data efficiently and effectively.

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



According to the present invention, in the aforenentioned data caching

met hod, before the pre-reading step, the margin is set again imediately
forward the data to which the readi ng request is issued. Therefore, the
margin is almays provi ded at the end section of data in the read buffer,
whereby it is possible to utilize cache data efficiently and effectlvely
According to the present invention, in the aforenentioned data caching

nmet hod, the size of the nmargin can be changed into an arbitrary size on the
basis of a past, bufferlqg state. Therefore, nmargin _can always have an

opt i malthaisz &t vitfe RSP ?é“bd§%+%+%et%@%??l@éEacﬁéﬁéC&§P§l§fﬁPéiently and
effectively. BRIL.EF DESCRI PTI ON OF DRAWNGS Figure 1 is a flowhart show ng
a buf f &fife§Yveddture of a read buffer in a data caching method according
to a first enbodi nent of the present invention, figures 2(a) to 2(c) are

di agr ans forAaSqiding #§ bhe d&egRRt dNVERiigss in te B odementianes data
caching nethod according to the first enbodi nent of the present invention,
fi gur esaghdna me3hdd amhedi ddr diss jadgedx phathengagheekatpjsdgemehangbati n
cache data in a case where all of data for which a reading request is

i ssued a&r éepatcaehemhst data ameng chlvdidey ardichedh isdc whe mgatddng seqordt
enbodi nent of the present invention, figures 4(a) to 4 ( ¢ ) are diagrans

f or explsaissngdaarexanphehef hitharges buf feadng daep reads enkpsatshwhéchart
of data for which a reading request is issued are in cache hit in a data
cachi ngreenbdad iac carchiendi itto aandry richeendeoch nemtwivich heher eeedingnvegtiesn,
and figures 5(a) to 5(e) are diagrans for explaining an exanple of changes
i n caclie ilsatsaedp framtbhentitorayibaened inen ofand baf fensithseiatagamnedhaaediat a
caching nethod according to a fourth enbodi nent of the present invention.

| n addifbreardf dguaevibicls arebli ackachadrianwhibhshdeé ibeemalapRalyabus feoedhi ch
a conventional data caching nmethod is applied, and f figures 7 ( a) to 7 (
d ) areéndiaer asadf buféxpl sbnasgtanbexasplewetl bhatpesdafacaaheadakanin.t he
conventional data cachi ng nmet hod. BEST MODE TO EXECUTE THE | NVENTI ON

( Enbodirhefe fbyebleeeenabhen  tite danputaahi Bguest ot SELHG Hatfhdsx Fofd data
enbodi nent of the present invention will be described with reference to the
f figubgsaddSesEes wihdl o Av6 AT Rrafd 8RadPEHBbESdd Pa Wal Ghithe makaempatcsing
nmet hod according to the first enbodinent is applied is the sanme as that of

the appasakesthe .v_\e@aamnghﬂeqaayenth@npés@aiﬁné:ﬂe&ua@e nes e nleedaRpl redd
shown in figure 6, its description will be omtted
again the all data to which the reading request is issued from the
storage medium, and the data can be transferred from the read buffer
to the computer, whereby it is possible 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



A description is given of a buffering operation of a read buffer in the
data cachi ng method according to the first embodinent with reference to
figure 1! Figure 1 is a flowhart showi_ng-a buffering procedure of the read
buffer in the data caching net hod accoﬁding to the first enbodi nent. 8 At
first, the conputer 63 issues a reading request for data stored in the
storage nedium61l. In step S1, it is judged whether or not the head data
anong the data for which the reading request is issued (hereinafter,
referred to as reading start sition . data) are in che hit, ep,_t he
data at& PR BE@ﬂe%l‘ﬁ £EWHE S Qo djebst h@b%gﬁe?ﬁ?%%gg%g’ﬂ?ﬁgﬁwrggdi ng
any data from.,the storage nedium. 61, and n the data are_not i.n _cache
hit, tR& BREFALH-EnTor q Sy q’ﬁ’g‘?a I#f%cébe@?fyi ?nasefgaﬁgavﬁlﬁigt'her or
not the rearnost data anong the data for which the reading request. IS
i ssued (her &GFamdimg Fofth é’cFetS@nésngﬁﬁitl’rﬁnenﬂnﬂgﬁ P?Bﬁeg‘&flgﬁo & #AtRache
hit, and when the data are not in cache hit, the operation proceeds to step
S6 andcathisg nekhads LeIRTavhenPY Rar fRLANAS FeRuddte RRTILR LY Sgsea%ba out
fromthe storage nmedium 61 to be buffered at the head position of the read
buf f er iBmedipited ywherward tthe dataete Whikihé g Fead hRIFRFURT oA SptBEREds to
step S3. In step S3, the size of data which are not in cache hit anpng the
data f Gheweifoleyhshedpair an rig@dstayiss Proyiced atcbhpandl seatiamety ‘éﬁgﬁni ng
buffer size which is obtained by excluding cache-hit data anong the data
f or whiioh thiee readdibug freaquedrernaby sisuekh RIS inke readibid 128 62Chandahfen
the size of the data which are not in cache hit is larger than the
r emai niefig iliehéd ysiang, efiffeciperelty on proceeds to step S6, while when the
size is equal to or smaller than the remaining buffer size, the operation
proceeds toAstaerdihg ko shepresenthdngens iwmi chndihe adoremepideass dakaong
the data for which the reading request is issued are read out fromthe
st or agearbadingnmm@t htodl ,be heufsfioreed f rcheemarqin bofhebe chaggedoinkat abhe data
are made continuous with the cache-hit data. In step S5, a head position of
t he damzbitamey shzehenrthd basierofla past vititferherg corgie er TBEreEgLes t he
readi ng request, is set again as a head position of the read buffer,
t her ebyatrgiendahhalliaf/sehang pnoopssmefl sheedawherebywhitchst hespakdengo
request is issued. Next, the data caching nethod according to the first
enbodi el iek thehy detrd &ffieniemrlwi dhd bef flestivedyd, with seeing changes
in data in the read buffer 62, with reference to the figures. Figures 2 ( a
) to 2 ( ¢ ) are diagrans for explaining an exanple of the changes in cache
data in the data caching nethod according to the first enbodi nent of the
pr esenBRIR¥E DEISTRI PTTON DFhORIIENGS € changed in the order of figure 2 ( a
), 2( b) and 2 ( ¢ ) , in which nuneral 6 2 denotes a read buffer,
nurer al 22 idanes as iceadf Yakahapunehavidd aldnof Bsr me-praredate,ofardreader al
24 denotes read data.

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



When the conputer 63 issues a reading request for data at addresses 50 to
52 of the stdrage nedium61, in step S1 it is judged whether 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

j udged 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 nmedium 61 are
read out by a reading apparatus not shown, the read data 22 which, have_ been
read olf areameffhere RAL AL Kedd don WB1cdad bERHéRIepeddesSholh +$54¢Gur e
10 2 ( a) , then the buffering process for the data is_ended, and the data
for whath fhechehgi hdtr dguasdats joalunamethefhsaerPrding okPt Aethesd
buffer 62 to the conputer 63. Thereafter, data at address 53 and subsequent
addr esembodfimens sfothgeprneden snvantipne- paddfbgurre akduntowhieh *ER be
witten in the avail able space of the read buffer 62, and buffered up to an
end poditgoamsf folre expdd imiinigemant 2xampleato f hehanges bl Gacke 28ata . &n, adat a
at addresses 53 to 101 which have been pre-read are made continuous with

t he readsdatlre?? thassihewnf imbrgineig (9t a9aisednentdata wachingeneonedt er
63 issues a reading request for data at addresses 48 to 50 of the storage
medi uma6dortdingt &p 31 fiotrith jemdgpeiimeet heff tOre nptesért danvwentiaddr ess 48 as
the reading start position data are stored in the read buffer 62, and the
oper ati on Iur erREdsidy, siepuiS? Betsuseblbekddiaganmaddiess rél iage amot

stored, and in step S2 it is judged whether or not the data at address 50
as theappadhngsend whichi ancomrvantienalodadai cathéngemdthollf bs £i2plbed, t he
operation proceeds to step S3 because the data at address 50 have al ready
been shpgedigirebe7 (8ptedUf By 62 diagiaems 53, eikpliadndey dadekhmplehefdat a
at addresses 48 and 49 which are not stored in the read buffer 62 can be
buf f er elahfgks thechead BaffaerinbtZhanrsbrivenopenal i @at proserifgt meshef.S4. In
step S4, the data at addresses 48 and 49 which are not stored in the read
buffer 62 are read out fromthe storage nedium 61, and buffered so that the
read data 24 at addresses 48 and 49 which have been read are nade

conti ngpye wobk trberstaicaTatl TagdresseNIrand the fol |l owi ng addresses, as
shown in figure 11 2 (¢ ) . The read buffer 62 here has a ring structure.
Then, {BRbdatiacher 1which the reading request is issued are transferred to
the conputer 63. Thereafter, in step S5, the part where the data at address

48 as the yhadi A ta RESE | ©AcBhg REEhSHOREBOE ipg! tagal Fiasta head
position of the read buffer 62. As déescribed above, in the data caching

met hod a66Q5 AkRY &£ thepresent invention will be described with reference
to the figures.

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

to the first embodiment.



first enbodi ment of the present invention, in a case where part of data for
whi ch a readi'ng request is issued has been already stored in the read

buf fier, only data which are not stored in the read buffer are read fromthe
storage nediumto be buffered so as to%e continuous with the data al r eady
stored in the read buffer. Therefore, there is no need to rewite all data
in the read buffer, whereby it is possible to utilize cache data
efficiently and effectively. (Enbodinent 2) Hereinafter, a data caching

nmet hod according to a second enbodj nent of the, present inventjon wll Qe
descri bed & tHIBEHcERACOMPR S0P FoSif®e reagine redesty ter dakaptane
apparatus to which the data cachi ng nmet hod according to the second

enbodi A@ntthies skpprOEd™MPY 1uHe 6dand Tas teRatS lof 1ithdSapBIrstuyheShGEi OF PRE
conventional data caching nethod is applied as shown in figure 6, .the
descri fthicoRepd daka @aPnaThBeddaha ckihivihg chet RedreRd bRraisRAYRS t HE i88BRd
enbodi ment wi |l be described with seeing changes in data in the read buffer
62, wi t(herefigadtes + Fafirriedlresas / g ReareopIedrianedatagr ans ibr
expl ai ning an exanpl e of the changes in cache data in the data caching 12
met hod cacher tiitg vodt whesetbrddeBodrgein. cTnbechitie theaonesathanggdaern
the order o f f figure 3 (a) , 3(b), 3(c)and 3 ( d) , in which
nuner althG2ugdnptres essesawibbphitr readingainy dalendiram tde®d saragenuedinm 33
denotes pre-read data, nuneral 34 denotes a margin, nuneral 35 denotes
pre-re#&d,dand, whaneth¢ Sbtaeme apta imcgiche hiter 4he3f@pdeadtieos paecheedat a,
and nuneral 38 denotes cache data. Next, the operation of the data caching
met hod tacsdeg $§ .t A1t letegecihd enbili jidgedv vhebkedescrnbedthiet heaemestnce
to figures 3 ( a) to 3 (d) . Wen the conputer 63 issues a reading request
for dadatat aadoigesdes B a 2 wiiclhetlse oreg@dingdreguést tibe idsusdat
addresses 50 to 52 of the storage nmedium 61 are read out by a reading

appar at(herednagtew) asfleraedstows reafligygrend® posdat)ion theareade dat aa8Be

whi ch have been read are buffered at the head of the read buffer 62 and

t hen t hdnsf ehdewhén the dadmppatrer n68. id herated thairt,, dateaoperaddoasprb8eadd t he
foll ow ng addresses of the storage nedium 61 are pre-read fromthe storage
medi umtels byp idteandmll ofhtled deara ferwh idlenthenrehdiavar ¢qbéet Spatesaédt he
read buffer 62, apart fromthe margin 34 which is set at the end position
of theateadebdf bat HBromytbe ashthesge meditum s Naio et bud fpred @ad ttat Readd,
as showmn in f figure 3 ( b ) , the pre-read data 33, i.e., data at

addr esa»as 193 oln0 o0 @ hehiredadh e flerere 2 estetlle aneehut her @at 40abe déanthabheus
with the read data 32 up to an address imredi ately preceding the margin 34.
Subsequght, | ¥he agsare: id@ipradeRatd B9 seqpess. f of Al sat, sdressesvH8ata 61
of the storage nedium 6l is issued by the conputer 63. Since all of the

dat a awhaedr£568stoon taché 1€ amdnighthé dad BbEdf @hichlBhe 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 are 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



62 and, cache-hit, the cache data 37 are transferred fromthe read buffer 62
to the conputer 63 . Thereafter, as shown in f figure 3 ( ¢ ) , the head
position of the read buffer 62 is set gt the head position of the cache
data 37, and the end position of the réad buffer 62 is set at an address

i mredi ately 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 sane as that of the margin 34. Thereafter, data at address 101 and the

fol |l owi.ng_address of, the _stor Lum 6l are. e t t

whi ch E2nsBe hAt: EBS FRSh eve oar cedl i Bl i€ e UfEs SORHE
address i di gt el regedi ng, the rgin 6_. shown in figu 3 c ) ,
t he préprgggpdgga %SEe?aep?sgﬁfgnag?agh?egggg igﬁr? i%GtQﬁiE%a%ga%fé%ﬂn
pre-re are buffere The read buffer 62 here has a ring structure.
BLbseqhant E9T WRAAN: Mbec SRPBLEEToS 1 SR Tl d a1 deuqef ol wost
addresses 51 to 53 ich are forward addresses_{han data at address 56 to
61 of Pﬁél§t6Fa6ehﬁggi@ﬁ@&fquna%bﬁhﬁlq%%fﬁﬁﬁﬁ?@’r ceshY| °i§§§e§ﬁFhe

| ast tinme, since the data at addresses 51 to 53 are in_the read buffer 62
as shoRHIfRTAPguPECSESF &fd thsciiatia fehe'Rithet iRt beading L efURSF el Ped
fromthe read buffer 62 to the conputer 63 . Further, since the data at
addr esds5%€ds 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, inNe¥t dihe dathi FRChERAJIERRGAAIRFING HO §BCRYT ERUIUPPRHICRE t he
present invention, an arbitrary-sized margin which are not rewitten by the
pre-reaf thepresert idgtvemelon wWilhdedesCrdbeast, WiEhr 6861pgf FBRNIGRetRby
data to which the reading request was issued the last tine remain in the
read bdatearingihe inedqd bydfsimiba .t wighi referenchetedie difgugiam | §Lawges
effectively. Further, when all of data to which the readin% request is

i ssued24a¢ tachec hiane tdi@grans fPL €XpHAIgEN S @ehexpaPleneinkhd PRARIEHN of
cache data is the head position of the read buffer, and an address.

i medi anetacpeedetiangnt kdehdad pasiatiiorg glethed raceopdirertesthaefdngt
position of the buffer, and further the position of a margin provi ded at

t he endmpodimeot of the pnesent iigqvardd aharfee caghe dara agedghanggdwhich

t he readi ng request was issued the last tinme remain in the buffer, and thus
it is phesobder tof fitighiree2 carhe2 dal anaf Ri(ci)enih whih efufnegtaily 6Rydenotes
(Enbodi nent 3) Hereinafter, a data caching nethod according to a third
enbodi aeneadf buli¢epr, esameriadv & idemotidd hmadiedxta pbenumeralr 28 edencteso t he
figures. Since the structure of an apparatus to which the data caching

met hodpaeepediindata,t hadt humerevibdi nbtotes apgpdd edats. t he sane as that of
the apparatus to which the conventional data caching nethod is applied as
shown in fahgur ety ddwpudescré ptissues anredddng request for data at

addresses 50 to 52 of the storage medium 61, in step S1 it is judged
whether 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 out 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



The data caching nmethod according to the third enbodi ment will be

descri bed, wi'th seeing changed in data in the read buffer 62, with
reference to the figures. Figures 4(a) to 4(c) are diagrans for explaining
an exanpl e of the changes in cache dat&# in the data cachi ng nethod
according to the third enbodi nent. The cache data 15 are changed in the
order of figure 4(a), 4(b) and 4(c), in which nuneral 62 denotes a read
buffer, nunmeral 32 denotes read data, nuneral 33 denotes pre-read data,
nuneral 34 denotes a margin, and nuneral 44 denotes read data._ Next, the
oper at 68 ) of tR®R the BULLEHilng REPRBASERHIINGats LAERIRd d aavbsaPNSREa Wi | |
be described with reference to f figures 4 ( a) to 4 ( ¢ ) . Wen the
conmput §pr6Whiisbushea readdingg resesst ifsorisfdted Araddranskrroed5rep Bhet he
storage nedium 61, the data at addresses 50 to 52 of the storage nedium 61
are rez@adububfesn featld nghappemprier ol - sEbaneafiierasdahavwati addrgafesd ( a
) , the read data 32 which have been read out are buffered at the head

posi ti endofubhegnead bdfitesseg, ofhthet ftobafitempdgupr btesseoprehreeddtyi s
ended, and the data to which the reading request is issued are transferred
from t hber emdubbfvkichZam hdevridimn ém e averidaftler spdaeacst thedresd 53
and the follow ng addresses of the storage nedium 61 are pre-read by the
anount buffifelr é6aR badwbuififeredn uphacavaal leatsl papidciomfof hehe eaehdubfitfes2,
apart fromthe margin 34 set at the end position of the read buffer 62 by 5
addr ess@ssoatitat heherpere-aashdlatat 82,3 ,i .ieg. dataxaattadddessees533t bo 1001

whi ch have been pre-read are buffered to be continuous with the read data
32 up twhieh hade dssen predirata] wrer maddi ognt hbruoasgrit B4 heaseslodatan2?j gure
4(b). Subsequently, assune that a reading request for data at addresses 48
to 52 at shewat anagéguee @9l is i ssued by the conputer 63. The data at
addresses 50 to 52 have been already stored in the read buffer 62. On the
ot her handgubdwyuiaitl ot whddy ehecsomtutad 49 duewta seaddtg réGuestt berr ead
buffer 62. Further, the size of the data which are not stored is snaller

t han t Rataohttd@dresges B4 .td 60 ifs t4rs &t draryedaled iaim &dJr ensesep8s andt 49
are read out fromthe storage nedium61. As shown in figure 4 (c ) , the
read dasajddgadiviietlae ohenptreile dita arcalukbeseds ais the esddpagi 4t of
the margin 34 so that the data in the read buffer 62 are nade continuous .

Then, pbsidaba ahtaddressesrdd LA BReOfekchatoenge2 peghdmmpd Gperation

transferred to the conputer 63. The read buffer 62 here has a ring

struct gr8cel8sdesCstdp b Aumaud & tile ddalad ataeldidiesEeBodracsot dtgré®, t he
and in step S2 it is judged whether or not the data at address 50
as the reading end position data are stored in the read buffer 62,
and the operation proceeds to step S3 because the data at address
50 have already been stored in the read buffer 62. In stepS3, 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 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



third enbodiment, a margin which are not rewitten 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 tead buffer are read out fromthe
storage nediumto be buffered at the end position of the margin and
transferred to the conputer, whereby there is no need to rewite all of
data in the read buffer, and thus it is possible to utilize cache data
efficiently and effectively. éEnbodinent 4) Hereinafter, a data ﬁaching

met hod24€¢ or @S LEBaPLREERE 0 2RI TR 2oF LRHeS bFRSERESr nd Bl oh G F7 L Be
described with reference to figures. Since the structure_of an apparatus to
whi ch £RE WhiShcibRi F§afdtod SAUSH iy 15 4ed BRIt R RFHBBEFRENTECI §1&ppli ed
is the sane as that of the apparatus to which the conventional data caching
17 net AEBPRECHEPHB-eFher iRt i nil igieR B0/ i ERe dRREE| PRPER EleoRPLAe@t The
data caching nethod according to the fourth enmbodi nent will be descri bed,
with sadingserbhgsstha mpading stRet pagibiPncdatyp arf FhoFefete e 2824Re
figures. Figures 5(a) to 5(e) are diagrans for explaining an exanple of the
changessi a b&gHepaatis ion Pﬁeﬁﬂﬁaf@ﬂﬂj%uﬁf%@tﬁ%d according to the fourth
enbodi ment. The cache data are changed in the order of figure 5 ( a) , 5 (
b) , 5 (As Yesckiped pbané,5ip wh¢ data cgilcingmediwd egcoaddinasta £had
buffer, nuneral 32 denotes read data, nuneral 33 denotes pre-read data,
numer af i84tdembodsimentrae §i the mres et invemoies, rign@ dase, wherer prrsgqof
denotes read data, nuneral 55 denotes an increase in a margin, nuneral 56
denot edatanfiogi wh ichirenaadihglerestuess tpris- rissdedahas hespralrsgdyenberedr ead
data, and nuneral 59 denotes a margin. Next, the operation of the data
cachi ngnnetidaeazicbof fleng ¢mwly eta which are not stored in the read buffer

are read from the storage medium to be buffered so as to be continuous
with the data already stored in the read buffer. Therefore, there
is no need to rewrite all data in the read buffer, whereby it is
possible to utilize cache data efficiently and effectively.
(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 caching
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



fourth enbodiment will be described with reference to f figures 5 ( a ) to
5( a) . Wen the conputer 63 issues a reading request for data at
addresses 50 to 52 of the storage nedium 61, the data at addresses 50 to 52
of the storage medium 61 are read out BY a readi ng 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 fromthe read buffer 62 to the conputer 63. Thereafter, data at
addr es SNothRIIRL G Y ob® nEhadeeesBdsepbodpmedtor Jde AR Bt ardre
pre-read by the anount which can be witten in the avail able space of the
read buffagiged ig &he apder pfofignEendtain 3dbset3 @) tanrd ehd posin Whd-Coyf
the read buffer 62 by 5 addresses, and the pre-read data 33, i.e., data at
addr esgemedR Lt G2 olendteh daveadebnffes,r sagezpd Bdf dened aso ngad sitidwous
with the read data 32 up to an address i mredi ately preceding the margi n 34,
as showunerdl @i el&(dfes Ppbeeyardt lgtaassumeralr dddidegotefuasimangingat a at
addresses 44 to 52 of the storage nedium 61 is issued by the conputer 63.
The datramar add % sberw t58s t pré2rbadeddban nimezdy Sbodedoities: e magimuf f er
62. The data at addresses 44 to 49 are not stored in the read buffer 62. In
addi t i aumered $i7z e emo telte cdathee waiteh and nomestdr 88 denbaegerathendahat of
the margin 34. In this case, the data at addresses 44 to 52 in the storage
medi um 61 Rext§ edie agergt o dfhéheeddtdatacbhingimebhddvec deedingd dda n
are buffered at the head of the read buffer 62 as shown in figure 5 ( ¢ )
and t hesedomhemdoddthent Wwhia lcbapdéecr iBed Theth tdifesédee ofo tieyursrsyid ai)s
changed into the sane size as that of the data which were not stored in the
read bud erd)Thavisdzahef compudaira 68hisbueer & redd bngfreqdests Formdiirtes a¢s,
while the size of the margin 34 is 5 addresses . Therefore, the size of the
i ncr easRidYedged 5@ mar genofstrqustotagd meldiwasel, Tiree gl atbGddreGses
addresses is newy set again at the end position of the read buffer 62.
Ther eafdeeo 5RlcE aheastth £a85e Medinth ttheat el tead rm tabgr £ el infg bppazbauage
medi um 61 are pre-read fromthe storage nedium 61 by the anmount which can
be wri tHn shewhhanadyaks adthews piae & iefurddh8 (a93dthef tead6@at ame? twi icdmhabe
margin 56, and the pre-read data 57, i.e., data at addresses 53 to 93 which

have begehRaead by HEie] et tthePheadl D FCahld Healds bififert 52 aed theha 54
up to an address imedi ately preceding the margin 56, as shown in figure

5(d). YhspIetdy tcasheBonpated ¢eadirnereaguest, fatadat aaddresisrsses 38
to 46 of the storage nedium 61 is issued by the conputer 63. The data at

addr essge 44110wASdavarkeersabrealy StoF&feifed Némr€nt i@ redd Eremdat a
at addresses 38 to 43 are not stored in the read buffer 62. In addition,

the si 2 fsddiaflatmedlighe ISy NOhe SARGEALI FhiBA sARELRS wirldltedf irhecHar gin
56. In this case, the data at addresses 38 to 43 are read out fromthe

st or aggyiBdidlDbdpabe SHAM: FBaki W £e P62, apRet €8s %feamﬁgﬁ%i Thwihave

been read out are buffered fromthe head of the margin 56. The read buffer

62 herg Nagtaati e B PY B i JNYE thkerdaiapherwhi 65 B P6 rRRAIdME: dLanast
is issued are transferréd to the conputer 63. Thereafter, the head position

of the fead: lllgd(o‘?crc% BPel?e8flddd 5 biG , NeAd HRR™ Lh ¥ Rird Bephcach&lgl-a-28agand

the end position of the read buffer is set at an address i medi atel_y

pr ecedi t head, posii4 f ffer ) her. i dL 59
N R T e R R L S G A

agai n gl ¢ N RIUAdLE P ROt R WAt 0%he 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



As described above, in the data caching nmethod according to the fourth
ehbodi nent, the margin which are not rewitten by the pre-read data is set
at the end position of the read buffer, and in a case where part of data to
whi ch the reading request is issued ar& stored in the read buffer and
further the size of data which are not stored in the read buffer is |arger
than that of the margin, the size of 20 the margin is set again to the
size of the data whi ch are not stored, whereby the margin al ways has an

I
ST TR %pel QIR B 1AL EERE AL BB LeBLLY, o
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X&Sﬁ;‘:&éﬁg%; %)‘PS{‘F%‘%/P@E e ?:é%é?ip%@om ¥2'\/ngsz’2 ‘at th\éD-hgéM ég)gljl?{_‘f_\’grr{dom
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 aé 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 fiqure 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 63 issues a reading request 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



1. A data caching nethod for caching data by enploying a read buffer when a
conput er issues a reading request for data stored in a storage nedi um
conprising: a step of judging whet her dﬁ%a stored in the storage nmedium to
whi ch a reading request is issued, are 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 judgenent that data to which the reading request is
i ssued or a part thereof are not in cache hit, reading out only data which
are not _in cache. hit ng the,data to ich the reading.r est_is..
oued, PR TENEIh eGP e b e E bR RE PRAARMRR credbiog (o
be continuous with data ich . are in cache hit; a Steg of,, after the

buf f er i FGIUEF EnR &1 SHET HQYAAP |t & 1SR TFMAHE AdadPRgrPRGURLELRE /j aReHE i n
the read buffer,to the conputer; and a pre-reading step of, after
transfe+?iﬂ%sfhgiﬁaF8 PBl%HFShCPESergéﬁﬁufﬂﬁiﬁkﬁﬁk%% g _EfeF bRV ERE  r ead
buffer to the conputer, pre-reading data which are stored in the storage
medi um subsEBGERELY OVRER Addt 2Et R WhRithWhASH BhEiTRPG A ESues Y 48ukTFY9Dm
the storage nedium to be buffered in the read buffer so as to_be

cont i nLAXR SREPLTREL datRe LRI RS Ihehangrdsielyehat ithe fvadi RIS i HOR ead
buffer. 2. A data caching nethod as defined in claiml wherein 22 in a
case wef €arreadphtel Hedie BrprdapRs st prP T fheheead i bigs eansbanaddress
continuous with the data to which the reading request is issued in the read
buf f er , immed patel papregeding theshead pegiyientofhehprreaddeififer 3is Ahmt a
caching nethod as defined in claim?2 wherein when it is judged in the cache
hit judedrepesihiena@f| bhst bnéferpsandatfarimeny thee pdestid tan whi ¢h margin
readi ng request is issued are in cache hit, the buffering step reads only
dat a whveev bded @it the eadhpositianong thwe bafifen dswalsh chengeddiwhperamuest
is issued, fromthe storage nedium and buffers the data inmediately

f or war dchiadateht e twhikah ithecaeadinhgiregiest nascibsuadd heddgtbuinerramadin t he

read buffer so as to be followed by the data in cache hit.
in the buffer, and thus it is possible to utilize cache data

efficiently and effectively.
(Embodiment 3)

Hereinafter, a data caching method according to a third
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 third embodiment is applied is the same as
that of the apparatus to which the conventional data caching method
is applied as shown in figure 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



4. A data caching nethod as defined in claim3 wherein an arbitrary-sized
mar gi n whi ch does not record the pre-read data is provided at an end
posi.tion of the read buffer, and when the size of data which are not in
cache hit anong the data to which the ﬂéading request is issued is equal to
or smaller than that of the margin, the data which are not in cache hit are
read out fromthe storage nediumto be buffered in the margin so as to be
gontinuous with the data in the read buffer. 5. A data caching nethod as
efined in claim4 wherein before_the pre-readin tep, the margin is et
agai n iFRedERARISA HR vERE PRLeHAPE Fbgaﬁ?cﬁ(?he 2é§d s&d gdﬁést ifs %
6. A data caching nethod as defined in claim5 wherein the size of the
garginﬂﬂﬂ?qﬁi YRRt 88 03 aheafbPREARY  sPEBerad3 33, deneUessiLeas %Pﬁﬁwt
uffering state.
. A Af n.oamgaala 33adeRatas REFAGEA@ Aptanf NARerah. Af JeHRL 2§ 12 A% ARIE 8
*: DN>F#a: z
/1bZﬁmnﬂQrdQ(ﬁﬂ(ﬁﬂ@@@%a]ﬁa?@aﬁéé?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]cTa]cTa]ca]ca]ca]ca]ca]calJf
(1 g! " " ##" $8EX L) +ehe R xahion Ak sheafespcaiehliog] Bat ked cageefdipg e dhea) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3345$6"66688: 7;

. ?1?f QECREE-eEREHKEO YO B R RRAsen iber] sd]tdnjreflersney &8 (fd-]%leli]etﬁa]‘ld@] caJc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! R- SUUVXXX'
YerhA M iEo Hlileo) . iteert d-holy agnjkd e 6¢qligsned @) caddahgaieqiest ckdraats ¢d] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal gruvgw
j ww* X Rdd e gz | F9-+tee B2s vdgE Rens do Zh ga | med tah c@] ¢ d loa Jdedt] & & tc ajdcdalesslesa] ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
: Df H* &R Q% B2 (QFf 10w &t 6yabe s Rirh )61V D% Re 4 -outtO Yy da (@eadﬂlflj/da&p(a)ralﬂus
10%&' ()-DN>i J+$"10% & () -$10% & () -
10% & (notl@Yio&n pnHQ% &’ $hewh 1DV urebldlGof,&'the- rEAddEBa 1D24w81 B Odiv& () -
4510% & ()-12"10% & ()-010% & ()-.$10% & ()-&$10% & () - a:
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 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 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



z _@"10% y$10%& ()-!y$10%& ()-y$10%& ()-s10%& ()- 10t 10t

10t 8t $10% & () -+, - . / 1bbC$" 10% 3™ " 10% & () - S910% & ()-fs10% & ()-Gl0% & () - @
10 10 10f &$10%& ()- ZJIAEbC$"10% S(y 10% & () - S&s$10% & () -

F$F'10% & ()-Ss$10% & ()-F'10% & ()- Ss$%0% & () - Jf bC$" 10% yy$109%& () - 31s10%
& ()- 10t 10t 10t @$10% & ()-. & 10% & ()- S, s10% & () - uS1! S$10%& () - - #!
S$109%&' () - - #S$10%&' () - - #s109&' ()- 10 10

in the read buffer 62. Further, the size of the data which are not
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 figure 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 transfefred 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 present invention will be described with reference
to figures.

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



10! yy$109%& ()-31 (! g! bCl S$10%@ 109& () - f
@109 ()-fy $109& ()-ys1l09%& ()- 10 10 10,,$109& ()- g'""##'$| & &&JE:/ 10
10f ($10%& () - SY&" 109& ()-f$10%& ()-fs$L0% ()- @ 10%& () -

fS$109&' ()-' ~&8&&()=))*uSl/ ! @10%& ()- 1T @10%& ()- @10%& () -

| Ss$10%& () - GSs$10%: () - Gy’ 10%& () -

method is applied as shown in fiqure 6, its description is omitted.

The data caching method according to the fourth embodiment will
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 fiqure 5(a), 5(b),.5(c), 5(d) 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 method according to the
fourth embodiment will be described with reference to figures 5(a)
to 5(e). 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 appératus
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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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 5(b).

Subsequently, assume a reading request for data at addresses 44
to 52 of the storage medium 61 is issued by fhe 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 in figure 5(c) and then transferred to the computer
63. Then, the size of the margin is changed into 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 medium 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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continuous with the read data 54 up to an address immediately
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 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 ére not stored is the
same as that of the margin 56. In this case, the data at addresses
38 to 43 are read out from the storage medium 61. As shown in fiqure
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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the margin is set again to the size of the data which are not stored,
whereby the margin always has an optimal 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 méthod 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 medium, 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 request is issued in the read
buffer.

2. A data caching method as defined in claim 1 wherein
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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.
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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