architecture in ormation at 5 an output and/or input of a storage
reading and/or witing device may be cached. The cache enabling
architecture xanpl e be inplenented in a conputer systemto which
t he storage rgamw&mwamm writing deyice is connected. Typically the
connection is ta bus. 2. Description of Prior Art 10 Cachi ng
i nformati on from sté®yge devi ceSCache @ankblinghatohiteatiregy. More specially and
as exanpl es many sol utions are known to cache Random Access Menory, hard
di sk drive devices and other nmass storage devices. These nenory devices are
of comon usBAGKSGRAUNR &fbTHEINVENWMQAM conputers. The requirenents to
cache a nenory device are basically to provide a faster nenory in which

i nformati on may be 15 accessed nore efficiently than in the nenory device,
and to copy d‘eh‘?‘ﬁ’d"ﬁg&?inﬁﬁﬁ?‘%tion fromthe menmory device to the faster
menory or vice versa. The determined information may for exanple be

i nformation ich is post likely to be needed or nost frequently needed.
The copyi ng a6 Fipeent R HELs 7 GENE RECHReRHIRETS ArgismblametbAy
informati @1 GANd@pmeshd/dt thp@ oredaioradtema@itg( Md/biwiithy dVidedmb@be@dBREY) 1S
performed by a cache processor. The cache processor my for exanple be a

sof tware prodi&ntashe anabling athitecturenay o, exasame bg implamenied év ascamruter
overal | per QpuBA(B8 vificl MEQIdMIE R %@?&I»@@ngné&a%%ﬁ&@&. ically the
m croprocessof processing informtion stored ih a RAM or a compute
processi ng i ebongatioh éndanteoriad deta kusaass st orage devi ce peripheral. 25
Computers typically are used with peripherals such as magnetic and/ or

optical storage devices. These storage devices are connected directly or
i ndirectly td@- Reggfigtion of Prior Art

; 9: e3e06 go3nno ml111111011 BACKGROUND OF THE I NVENTION 1. Field
of the inventio m ﬁ”ﬂ m invention relates to a cache enabling
WAL G0

10  Caching information from storage devices is a known technology. More specially and
as examples many solutions are known to cache Random Access Memory, hard disk
drive devices and other mass storage devices. These memory devices are of
common use in or in combination with computers. The requirements to cache a
memory device are basically to provide a faster memory in which information may be

16 accessed more efficiently than in the memory device, and to copy determined
information from the memory device to the faster memory or vice versa. The
determined information may for example be information which is most likely to be
needed or most frequently needed. The copying and an identification of the
determined information among information contained in the memory device (or in the

20 faster memory) is performed by a cache processor. The cache processor may for
example be a software program which runs on a computer. Caching thus improves
the overall performance of information processing systems such as a microprocessor
processing information stored in a RAM, or a computer processing information stored

on a mass storage device peripheral.

25 Computers typically are used with peripherals such as magnetic and/or optical
storage devices. These storage devices are connected directly or indirectly to a data

bus. A microprocessor conducts information exchanges over the data bus between



bus. A m croprocessor conducts information exchanges over the data bus
between, 2 devices connected to this data bus. The perfornmance in terns of
access tines to information stored on the storage devices varies dependi ng
on the nature of the storage devices. For exanple a perfornmance of a
magnetic hard di sk drive device may be substantially greater than a
performance of an optical disk device2 It is knowmm 5 to cache an optical

di sk device using a magnetic disk drive device as faster nmenory. In one

i npl ement at devices cennsetadgtoathindala tuso ddesperfqieance i terms efaaddesy timsisnly a

over whi ch INERRER 0180 L i Ristady oS < Fp BN bRl SpchB ity & iR
there is nomtdrw deviges! Foexgampea ipl&ffﬁfrfm’ideodif Hehagretic haed d&kldﬁ&b dbvide
device and the neti¢ hard di sk 10 device w thout .involvin

ni cr opr oces 8B betantialy greatenthan a perarB\rnAe obBMAPtGRAL disk deut %r't 'Sdﬁ‘%‘l‘e
other hagd {deache’RUptichtisk §e\ii’ceou§ﬁg?aﬂfa@@ﬁ@%k%n\?@HEWCQQ?%S’?&%&%EF}”Q to
a standard conputer equipnent and which us may add to the costs of
producing a conputer equipped with storage device peripherals. Recent

conput er harflyRé anslemBhiaties oft cdathifg RUSadheesrovdyseh pekBrmike tHePEhgSusTRY ald
exchange data wi thout significantly interfering with other periphera

connect ed t 8irgdiding hetvasisthe phtieal diskrdevigeaand the hard Id@;krdw@siemce aper Whidhs
al so known P

conducting 1 ﬁﬁ rgr%ﬁg{]?go%)&égﬁsﬁan T@%@%\QQ@?K QQ@%&% eri pher ﬁtg%%§5$a§2a

the m cropr exx&mge mrfaynanancastwedatthe sjptlcaitﬁlskmawéwmd‘lthe rdaagrmtnbdr:ardmi}skf or

exanpl e, be hased bus SUWARY CF ,THE..| NT] ON S an
onroet 18 SRS wlBaft iveng HimiorrpRtsar 808 GascrrSlar AR FOARa g e
storage devigfpiter.i DheiebtheRhahe tha dliest linkiiv & ﬁa@é lde hafineire YMidhedddenot
perlpheral but ellmnatlng the need for an own direct |ink between the two

peri pher al sPelPRg 12 & sandasd SRBPUEPT RAURRSNtANdIHRISh Bhes Mgk addste e cgfts of
exi sting COHRME@F\goaJ é‘re«ﬁjﬁnaﬁpro rfétH&gTeQieWE@&)% Ré&Rls, | nvention a

solution to the a ntio emis foun a cache enabling
architecture for caching informati on at an output and/or input of an
optical stoRraesnt'@aHUE Ritdhare Boblhitd 8tLBus %QB@Wh&hﬁG/oaﬂierlpﬁéﬁatls wga
witing and readi ng device, based on a magnetical hard disk drive, at

bus to 153 gKehenge Metauithouisianifisgnthhinteriasin vthdethecreripheral gpnesated) tothe
directly co C u C t r Vi ces
ot her than ?%g %G%jl ca%i rﬁ%%%ag%t\é@él @g%br?ég&%[){ O\R}ﬁ.cﬁ%g aVl/%(IS ?(%WHa%%%r%eg i ng
devi ce, andpmcesmrhg mgltpnmyepercﬁmrm otteactaeky flean cbodurding onfom;atmgw eReharges

witing and read| Vi ce. processor is _direct connect ed
1o ¢ he rmesbSPREN e 1 HelnPiHs 30 el b8 TR abest MARPoSR TAG
optical stostags ineaRAKIYTREAALI buW by g eftamipeo@basddien & #EHE Ngopbasessor are
connected through the data bus, so as to directly exchange the information

bet ween the output and/or input and the caching processor. According to the
pr esent20 nvSUMMARYQF MHE IBYBNTION t o t he above nentioned problem 10 is
found in a magnetical hard disk drive device for use in a conputer system
The conputer system conprises at |east a central processing unit, an
optical st oltagen robjedt ngtW/eeentvmmrithg td dinid e selntiomindwhigh anmsoptichestorager al

processing yni.t. and 0 st.or.age. readi apd/ or jtin evic bei ng
indirectly ?w%ﬁ FeCP f‘?}'%gﬁ g’ eaa?hgd ﬁ%‘naa?%mﬁ%s r‘%’éﬂ?@t P%ﬁﬁ‘eﬁ%r udl sk
drive devi célichinafiiietheGRIBATOSES oWnINROERK ISiween the two penphera!s. The solution

should as much as possible make use of an existing computer hardware.

25 According to the present invention a solution to the above mentioned problem is
found in a cache enabling architecture for caching information at an output and/or
input of an optical storage reading and/or writing device, comprising at least a mass

writing and reading device, based on a magnetical hard disk drive, a data bus to



15 circuitry for connecting the magnetical hard disk drive device to the
data bus, and a cachi ng processor which receives fromthe databus requests
for reading and/or witing information intended for the optical storage
readi ng and/or witing device and conducts informati on exchange between the
magneti cal hard disk drive device and the optical storage reading and/or
writing device over the data bus such as to cache 20 the optical storage
readi ng and/or witing device. BRI EF DESCRI PTI ON OF THE DRAW NGS O her

obj ect s andvhighhéhra snass wiiling and neading device e dagitecty padisctly connadted and

foll ow ng L RLd:Q0 . HQd] ' r t .09

dr ai g, - FEough e iy IR SOFE ol Mrkler o/ EE Uifer fah e SpHETNAALE
enabl i ng ardelviceg etashe the? o WxitingDahESERIIRT | dahicel ahtiEa FRRERhGERICEASSODIYENTS
The descri bed enpodi %tﬁ?are, not limtatiye ang ot her empodi pents may be
consi der ed B§he e rBwrmalion \using; e mass vritg and reading devigeeTRE §8€N1BY ¢ he
present gl N\REEds3Br is difecly thihected ROWE MaldWaitiRy and rehding d@%&e.b?hg%ru&) fa
conputer (not shown). The data bus 1 may for ekanple be an | EEE 139 ased
bus. The | ERE/ar3gautheisthesoptidal giesaase deasing andion wvriting cdevidel ang the cachingpor t
digital dat 4 S I far 4direc .cation
and data ef?%%{séé't %Z% m%géﬁe%}ggith’ésﬁgggtﬁge% gdb"?’tsg)wlif .tgAﬁﬁj%%&i %’gi%gs o;}gée
readi ng anddformatior betgrede thecautgut smdéarimmd tagd thocadiinglplogessss. 1 t hrough an
out put and/or input connector link 22. The optical storage readi ng and/or
witing device 2 may for exanple be a CO-ROM DVD-ROM RAM or CD-RW dri ve

i . e., data Accordinglforthetpresent frivieatidbn ganathensgjutainotodhe iabalé mentiphéd ptobiirs k
drive vices 10, offers a.relatively, cheap. to access/store |l arg

cuant i t10as ot B EletRusal Rl BRlearbR PRty biath GRon el S8 R ect e
to the dat aohiputer $yatsrnPondpriskdlat deast e coMEA pPibtdssig amd é:e@ﬁiidsm sigrdpee 3
may for exanple be a magnetic hard disk drive. The nmagnetic¢ hard disk drive
offers an Jd89dRY é’@é‘fﬂﬁ%rgmc@vﬁ@r pod FadRta bus: ithe spptralProcesgingnupipapd the
conput ers. ! B Salil t: Qi i &d

Fonding. dePach RN AeudE RRIRP g Bolbe RERqRIIGEy BT8FRl ShRep@llo | 4.
The per f or tadetadbus. Hdermagnetical hard diskvdrive device fudheascahprisases sonnagtion o

i nfor i on, fer. i i RV e e r e of
t e optPcarengy BT uBhEhE gl i RGeS MR RLO RSSO
5 conduct s cazltihgngesessor 2thich freceaiwds frombtHendetabud aeqdsts for sdéaplimpandeadi ng

and/or witing device.2 djrectl hr o he data,bus 1. The cachin

P ocessor Sy i RicBlendst B e cBltRsoTRes At ARdIPORTRS BRUCE AR cal
storage readhddotdMFoMhatithi éicREnGEE BefReed tHBQHagHdties Rdr8 disk dfve dsaasBhds the
requested information to the cachi ng_processor 5. The cachi ng processor 5

sends the R 8PYGE StERIRMACING FTURMHTINgrdqvice over Mg datarhusi sighasdoracheadi ng
devi ce o3 W&B?%?Fﬁﬁdetreabﬁgga‘ﬁgﬂﬂ vmtiﬁgfitevﬂs.d! cated link is required

bet ween the optical storage ading and/or witing and the mass witing and
readi ng device. The cache enabling architecture 5

BRIEF DESCRIPTION OF THE DRAWINGS

—

Other objects and aspects of the invention will become apparent from the following
description of embodiments with reference to the accompanying drawing, FIG. 1,

which contains a schematic representation of a cache enabling architecture.

25 DETAILLED DESCRIPTION OF THE PREFERED EMBODIMENTS

The described embodiments are not limitative and other embodiments may be
considered by a person skilled in the art which remain in the scope of the present

invention.



uses the possibility for two devices to exchange information between each
ot her through the data bus. Typically a further device 7 is connected to
the data bus 1. The further device 7 may for exanple be a m croprocessor.
The further device 7 sends requests for 5 information to either the mass
witing and reading device 3 or to the caching processor 5 which stands for
the optical storage reading and/ or iting device 2. The cachi ng processor
5 processes these requests for information, gets the requested information

from t he mellS. Wrshowsga dat btﬁaﬁmmai/@@ @i of a rempuien éaatehown).okheadaten i s
st ored therig,of (4R LOgnSLOUAR 1662509 18004 Blo "id IS 54 66 % bl 1S

not and 10 Tinal transmts | device

processor Sspued @Inabbwwlhmealrohe tbetqmeﬁm dlgwal dathoFuﬁhemmre\tlee IBERer39dd of
time and accordjn hi n r gies are wel | known
Loa man o Al of HE o caloR Sl eta Sxahantin Do { e amiaged
process®@ Sonmy determ ne whi ch determ ned |nformat| on i s requested nore

frequently by the further 15 device 7 than other information. The caching
processor 5 may keep the determned information stored on the nass witing

and readi ngA:@'%btlc‘é! A6rah@t6adifig iandio? virftig URIVideY 2 i€ @bRedcist td e @alhbug 1
processor may al so inplenent a caching strategy known as read ahead,

t herew t h athfwhrm Putgut angiiersingutreonneetpplintae?.obheoppticabstoragereading\andiory. | n
furth 20
2 rner R SR B R BReR! 06 SPCRRBMTBE RO S LORUTAREYC, 2

be stored iire. tdetaoqst leadlwrﬁteorqg@ahseadmmrmmqbphcalm intigaldms«k ceive . devives
cachi ng, cff:ssor Bt fs % e| ved infor fi on.to the nmass
writing TR 8"69(43(/?'&%@3""%%?"&? plole lapoq @arilieRs R RS
information fromthe mass witing and reading device 3 to the optical

storage reading &,f}\f%ngtan‘@'rr%& Rg dAG%k %8s éont a(i\?éa td va% bas qqﬁl%%gﬁ;al I[n{ﬁ%gZS

latter is thered crease ing a age o
per f or manceThaf nialse wriing amd teadg]gadadnceeadmfggfo]‘eauaamlés belewmagastic barddiskd t o

t he data bu change.i nf o QN using co ication. cols. In a
bref orr od. cfEaT HE Arodhet At B4 Cr s STPBr ot SvaTLadetis icBloar Rimades W
readi ng anddy is\Webd iM@losdbnsfutersand the cache processor 5 may be an 6
optim zed version of a conmunication protocol used between the further

device 7 and the caching processor 5 in order to enhance sinplicity and
per f or MENCeA cashing prdeestdies RBtkewdrto the hads dvriting dindgreddivig aievidendihroadtpai se a

Feadi ng. dedie 3t B4BF At frol Wraratr bRk “embodi ment a functional {{y of the

cachi ng processor 5 may include functions of the dedicated caching
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and transfer rate is typically greater than the performance of the optical storage
reading and/or writing device 2. The caching processor 5 conducts exchanges of

20 information between the optical storage reading and/or writing device 2 directly

through the data bus 1. The caching processor 5 may for example send a request for
information to the optical storage reading and/or writing device 2 upon which the
latter transmits the requested information to the caching processor 5. The caching
processor 5 sends the received requested information to the mass writing and

25 reading device 3 which stores it.

Hence no direct dedicated link is required between the optical storage reading and/or

writing and the mass writing and reading device. The cache enabling architecture



Clainms 1. Cache enabling architecture for caching information at an out put
and/ or input of an optical storage reading and/or witing device (2),
conprising - at least a mass witing and readi ng device (3), based on a
magnetical hard disk 5 drive, - a data bus (1 ) to which said mass witing
and reading device is indirectly or directly connected and through which
instructions sent fromfurther devicgs (7) other than said optical storage
readi ng and/or witing device, reach the mass witing and readi ng devi ce,
10 - a cachV$g B\%E@“ﬁ&b‘ﬂy (o) two deviepe te sxghangeoinfrimadan bstweers gpeh piler
witing a”dﬂﬁ&ﬂﬂ“ﬂgdgﬁyﬁ , said caching processor being directly connected
to said mass witing and readi ng device, said output and/or input of said
optical storage reading and/or witing device and said caching processor

bei ng conneg, ;g&t?a\,{gfyﬂﬂﬂér i PR @orﬂ}égtred% tRS dad 'srﬁgllwle%uﬁéeuf‘d&%&”ﬁ% ai d

i nformation en sald output and i nput and sald caching processor. 2.
Cache enabl fongexarapiet bet ar micioprocessog {Tbec further 1deMice o tsends etequastshfar sai d

caching progcessor. i s an.integral part. of said ss, witin ng, readjn

dovi ce. 8 CBRTRAahIar Fins? bt Poed MrioS-adE riedE vasller, ard 7 Yo SRR (6
char act eri zpceésdr B witieh snds fatahé optital srayRsRAding sd/drrriting I4ice s Thé.
Magneti cal hard disk drive device for use in a conmputer system conprising

at |east a ERMNGLPIOGPERAES: PRRGRTAS theam regHastnfordniormagion ikls fhe fasyesied
uriting devintdndfieh frofPihd. i whify SRIHERInPEOAES 3 iNcUBbliedtad inbitnath ca!

storage reading and/or witing device being indirectly or directly
connect ed tis sthreddthete buffomt the statpgetreading nddorawetingdevied df ddviroé andr t her

conpri Sj|6'9 %ﬂ%q'x?'t%ﬁg'%ﬁ%.[tig}y&isf{lﬁﬁé@é("éeoﬁ connecting the magnetical hard disk

drive devic CACh ng processor which receives fromthe
data bus requests for reading and/or witing information intended for the

optical sto |ﬁ%d' k L1 e gtgﬁxt J. f tion
exchange be?%gaﬁé S gﬁarg}%%rrafgts iqﬁ%)?lvéﬂﬁgra ﬁglallggyed'(rae Fgg&aé%rﬁ%@ﬂﬁn s%féé gd%’[rflggal
st or age r eadf tige and/ascordinigt tormpctingi stratepiey. Gaerhihgdsitadedies asuwell Bsowm tcache

the optical stor readin nd/ or it1ng devi.ce, .
ASE. R&' Af AB3N Af’ki%. FUN Y A.Rixﬁ ﬁﬁy‘ﬁ”@f‘ *begana(ﬁyms %he caching processor 5 may
determine which determined information is requested more frequently by the further

16  device 7 than other information. The caching processor 5 may keep the determined
information stored on the mass writing and reading device as long as it is frequently
requested. The caching processor 56 may also implement a caching strategy known

as read ahead, therewith anticipating requests for information of the further device 7.

In a further embodiment the caching processor 5 may also be used to receive
20 information sent by the further device 7 on the data bus 1 and intended to be stored
in the optical storage reading and/or writing device 2. The caching processor 5 will
first send the received information to the mass writing and reading device 3 which
stores it before copying this information from the mass writing and reading device 3
to the optical storage reading and/or writing device 2. A writing performance of the
25 latter is thereby virtually increased by taking advantage of a writing performance of

the mass writing and reading device 3.

Devices connected to the data bus 1 exchange information using communication
protocols. In a preferred embodiment a communication protocol used between the

storage reading and/or writing device 2 and the cache processor 6 may be an
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functions of the dedicated caching processor thereby eliminating the need for a

physically distinct dedicated caching processor and further reducing costs.
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1. Cache enabling architecture for caching information at an output and/or input of
an optical storage reading and/or writing device (2), comprising

- at least a mass writing and reading device (3), based on a magnetical hard disk

5 drive,

- a data bus (1) to which said mass writing and reading device is indirectly or directly
connected and through which instructions sent from further devices (7) other than
said optical storage reading and/or writing device, reach the mass writing and
reading device,

10 - a caching processor (5) to cache said information using said mass writing and
reading device, said caching processor being directly connected to said mass writing
and reading device,
said output and/or input of said optical storage reading and/or writing device and said
caching processor being connected through said data bus, so as to directly

16 exchange said information between said output and/or input and said caching

processor.

2. Cache enabling architecture according to claim 1 characterized in that said

caching processor is an integral part of said mass writing and reading device.

3. Cache enabling architecture according to anyone of claims 1 to 2 characterized
20 in that said data bus is based on an IEEE 1394 bus.

4. Magnetical hard disk drive device for use in a computer system comprising at
least a central processing unit, an optical storage reading and/or writing device and a
data bus, the central processing unit and the optical storage reading and/or writing
device being indirectly or directly connected to the data bus, the magnetical hard disk
25  drive device further comprising

- a connection circuitry for connecting the magnetical hard disk drive device to the
data bus,

- a caching processor which receives from the data bus requests for reading and/or

writing information intended for the optical storage reading and/or writing device and



10"10% & ()-/9%%901234zX6_= ! Nyy, #109%& () - 3!'ay(#10%&' ()-T#M 10%&' ()-y! @
#109%&' ()-! @#109%&' ()-!D #10%&' () -4455555566bC

'Nyy, L' 1109B& ()-M 109B&' ()-s109B& ()- 10 10

10Y4s! 10%&' () - Y4s! 10%&' () - 6606555566bC

'Nyy, L1 109B& ()-M 109B&' ()-s109B& ()- 10 10 10Y4s! 10%& ()- 109B& () -

Normal " "Heading 13]c" "Heading 23] "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Defaul t Pafenguatstinfognatian exchange between said magnetical hard disk drive device and

%ﬁégii ST%?#: ﬁg@eﬁﬁﬁm{ﬁ«ﬁagﬁtﬁgﬁf@g@@r %@ﬁr an%ﬁ’]igé?’%? ,@9%%(@( w,sg‘?'? 68845678

cache the optical storage reading and/or writing device.



