WO 03/ 054730 PCT/ EP02/13369 1 STORAGE DEVI CE The invention concerns a
storage device. It can be used in, but is not l|imted to, nultinedia

t er m nal sweushs&so set -t op boxes or digital television setCT/EPITIG369

evol ution of the enbedded term nal manket, and especially of nultinedia

termnals, such as Digital TV de rlnstance, has stressed the
point that such nultinmedia tergrfﬁgi%éééég\/'@hi gh storage capacity, quality
and performances at | ower cost and higher integration. 10 The hard di sk

drive technol ogy has been driven by the personal conputers narket needs
and has been éMwd invegtish eadcéms arktorags idgnicef Itkeammbe hused idi blt & hole st or age

systens is pased on.the, persopal conputers architegctyure and. the access of
The. har o (R s MG ia BRTTEIS BFAP PhECRJRHSr GHHA SPNGON&Em and 1 (s
integgated file system 15 Such architecture is well known However,

despite its comon use in the enbedded domain, the actual architecture of
per sonal conpukhe evokitieot ot dheplerabedded Hetmpinahsearketinand espesigigceled

Be! Vol co o TgrRs YRR QueTF 8o FgerL Y B . et D Bl "
ternms of tRE @RWH-thasisH Hiultithédia téninbis :@qmmi%h @tﬁré@@baf)aciqt, qlemtyces or
peri pherals each device or peripheral has to be controlled by the host

system ZhdpRIformanceset Iprepest and highardaegmiianee conprising storage neans
tho afgani zati T SR, HiskcBRY 1880} s YRR UARITS (RESgSrsotal Mg,
means enadommgers imasketineeds @adhdshiseait evalgag steadily. by sendi ng renote
procedures Cal'Ilhse Eigsitgﬁeofflgnloevnslxgrtdecri?sk drive storage systems is based on the

personal computers architecture and the access of the hard disk is fully

controlied by the computer operating system and its integrated file system.

15  Such architecture is well known

However, despite its common use in the embedded domain, the actual
architecture of personal computers is not compliant with the needs and the
expected performances of multimedia devices. Multimedia devices manage

20 data such as voice or video that require high bandwidth and high
performances in terms of access.

In particular, in the common architecture of devices or peripherals each
device or peripheral has to be controlled by the host system.

25
The invention proposes a storage device comprising storage means
characterized in that it comprises
- file system manager means for managing the organization of
the data stored on the storage means,
30 - interface means enabling a host to access the storage

means by sending remote procedures calls to the file system

means.



means. WO 03/054730 PCT/ EP02/13369 2 The invention proposes a file system
which is not part of the host, accessible by sinple commands by an

ext ernal wewswosi73such as a host, in order to store or redTd®PA1336¢1 t he

accesses to the storage neans are con2rolled by the file system 5 nanager

means. This file system manager neans_are accessi.ble b i e ., conmmand
cal I's, which gjm Hﬁ'ﬁ&ﬁﬂ“twngﬁfﬁ PelV&| S@éﬁ@g&@g‘%@ﬁmo&a’ﬁfé&g}%h‘? h(ﬁ?’i te a
given fi |a%ce§§l§le?‘§g€§ﬁ1p]é) cbRftn&idy Bgaarimestnalsdévies, secinesda Mosthm file
systemitself, wi thout intervention of the host. The file systemis |ocated

cl ose t o order iorsipeyer Fagdrdatand thus the 10 interface between the storage

means and the i r f ﬁ‘mmnds as
it transports ﬁnﬁ%nﬁésgggﬁﬁ% &%aéé; ﬁ‘%%ﬁ?%% C@@ﬁ&/@@rﬁﬁ%@ﬁ%%é% devi ce
and the hnahader metng TRiBPRle alyistyn eanggsr mbans rHrelddcgssible by stmplee fil e
managenent) on the host side and the slave device on the other side of the
i nt er f ac€onpaaRd gRllsnwhich epregrandkto high leveh gammands,guch asdegd®ce. Thus

the Stor3afedPyived fiig. ThBRctebtS the ARliagdSHbAaRs M thdahagbd HlefieCe’ s

wor kl oad 'I'S rease 0es no e syStem’itsel, but

j ust sendite systpheitsalfywithdst mberentiorpobibechost. cal | s, which indicate to the
file systemwhich_file nmust be accessed 0 The system desigper has just to
program the g rlﬂserQ{% gystem f%g%c@?qugfﬁz’sel fa ge ﬁ&{égédﬁgar&‘?’ aﬁ'rdo@\é"&uﬁ@ call's,
whi chpar gnichaBe tHAANEER thE tdragk MRediRs hind the Mdgh dbtite dYeR! AGtararispRs to the
file system manager neans, which then nmanages the accesses to the file
system 2bBe same fypes of cothreanssdasit franspors #t newie sysfemse conpri ses cache

T e o e Ee b o ApR 4 AR Bel R BB e Rt BT e
can i ncl y@paatiimbatucfttieuntelligenss (ise trRMIEYMaREgement) on the host side
and the slave device on the other side of the interface. Part of the intelligence
15 is moved to the slave device.

Thus the storage device is a more intelligent device and the host
device’'s workload is decreased as it does not deal with the file system itsel,
but just sends simple commands such as procedure calls, which indicate to
the file system which file must be accessed.

20 The system designer has just to program the generation of these high
level functions or procedure calls, which are then transferred by the host
through the interface means to the file system manager means, which then

manages the accesses to the file system.

25 In a preferred embodiment, the storage device comprises cache
memory shared between the storage means and the host, the cache memory

being loaded upon control of the file system manager means.

Storage means can include a storage medium, a cache memory and
30 firmware for controlling the cache memory and the storage means.
In known systems, the cache memory included in all storage means is
managed by the firmware managing the storage medium.
However, this is not efficient in terms of cache hits as the storage
means is not aware of the next accesses done by the host, as it is not aware



30 firmvare for controlling the cache nenory and the storage neans. In
known systens, the cache nenory included in all storage neans is nanaged
by the fiwowafst7amnagi ng the storage medi um However, thi #CrEPavi133ed fici ent
in terms of cache hits as the storage3 nmeans is not aware of the next
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known systens I's based ‘on statistics on ast accesses done by the host.
I n order knownbsystema igbadegrampsiatistios @ theatdsé ascessqgedgne dydhedwsbst ed by
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menmory. Hodt isPreséatin tha\cache Wetordahé iré(!ﬂ]ﬁéﬁt by thattises thédesignérsrdrenent  a

cache prefetch process that nakes to the firmware nmanagi ng the storage
nmedi um dbus gbliged togunuiderrefativelyi latge-amauat cachednemesy. | n read node, i f

e er o eot CoTh8 ihleftof FBUE o bERRYERY IntefSing B flBhinf Akdtfest o ed 11

several sector I'S awa anli zation or

f r agment ajréfefchapebdess thamakicsviodihe firevarddmesaging theestoeage seadiom wher e
the continuation of the file is | ocate Thus, the size of the cache

menor y n&@"ﬂé’@é’@?@%fé@f@ﬁﬁ%ﬂ%?@é‘fﬂ%@ eghdn read i 1! thegeaugsied hi ts. 15
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prefétch use ti onal ef et ch processes contro y the storage
devi ce f ifileregstemdacware difhis lmeganizaticry et feagragdtatiepeahdthusim@annpevideecent

t t || ti f. data,, h i,sk... 20 A [ t
ohodt monfie drsRs ph i fish SOSRE Wi tas Hoftiffiaidy of e fudds figfed) P "
cache memmys MeEREGT tﬁerdd&etménﬁfwseidécf@ﬁémﬁout Reeelng fthg to an

enbodi ment  of the invention, the e system nmanager neans is configured to
send a wprobalilify lof cacherhits. t o t he cache nenory in 25 order that data to be

stor ?g on t heT%tlsOcr:g&ee HFe%tLéW i?%ecgdnﬁtﬁ}e Eé?étgﬁj biynoéﬂb%ition fo the statistic
prefetch used by traditional prefeich processes controlled by the storage
device firmware and not by the file system and based on the most recent

access and not on the real location of data on the disk.

20 According to an embodiment of the invention, the file system manager

means control the cache memory prefetch during the accesses in read mode.

According to an embodiment of the invention, the file system manager

means is configured to send a write cache command to the cache memory in

25 order that data to be stored on the storage medium are first stored in the
cache memory during access in write mode and transferred from the cache
memory to the storage medium when the cache memory filling in has reached

a predetermined level.

30 Such a write cache command indicates to store the data in the cache
memory without transferring them immediately to the the storage medium.
Such a write command is efficient in order to transfer a large amount of data

from the host to the storage medium.



cache nmenory during access in wite node and transferred fromthe cache
menory to the storage nedi um when the cache nenory filling in has reached
a predet ewpionoss7Bevel . 30 Such a wite cache conmand i ndi ®arasPo2/m3362 or e t he
data in the cache nenory without tramsferring theminmediately to the the

storage nedium Such a wite command is efficient in order to transfer a
| arge anount Bnowathardidigndives Hedesignachwith eorache Wil emnab %@@97%54730
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enabl e feature Vever unc i on oes not drive etranfers from
t he cach¢herhant disk drivé badiwhieh datakardrsent tathd cdobe remoratieysanetthen t he

h th t f d t I the h di,sk d
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to nove at each trans a wite cache command as proposed by the
i nvent i otransfers dattbe headof fher diive hag ta move ateachframnséerdone usi ng t he cache

menory and wh t he .cache nenor | 1in d rm ned
| evel , the daﬁ‘z'”bﬁew'i@ P\“i"t{“{ astrrr@pgtﬁaethﬁﬁﬁoﬁﬁt&ﬁhé ‘ﬁtg di sk
head mV%n@f&Mth'ﬁérba%he%éﬁﬁir?rarertﬁﬂhequg’ﬁglthé.‘ ccheainancry el wliehn t he
cache nenory. According to an enbodi ment, the stora?e devi ce conpri ses

segnent athe sagkamemerypiling in bastraacked Repredeter éﬁVe&e@ﬁé}lﬁtQ &ecor di ng

t &S S S n case of
requt@t s“‘?&?ﬁ%ﬁ%"‘tﬁ‘ g@%ﬁ al |$(Hamf G@%f@r%‘e&n' kf”% d Fn?)ti/%g’t raée nmeans,
i n order predetamhiped qubﬂtuwmfruaeawstomm thietcachetmemonhe vvorthvr/m le to
share the cache nmenory into segnents in order to |load the cache nenory 20

with the different requested frles According to an enbodinment, the file

system nmeans A%@ér"dlr‘?gsatoi ! FlrﬁenlSt Qﬁé‘g%totﬁb% fd’évrééorcb rfdi 0 and/ or
vi deo streans an econ type of stbrage unit for stori ng on- st ream
dat a, wheegmentdtionsineanfo pasitibhtbé cacloe inje several segments according to

15 the number of simultaneous accesses to the storage means.

In case of requests relating to a plurality of different files; to the storage
means, in order to improve the chance of cache hits, it can be worthwhile to
share the cache memory into segments in order to load the cache memory

20  with the different requested files.

According to an embodiment, the file system means feature a first type
of storage unit for storing audio and/or video streams and a second type of
storage unit for storing non-stream data, wherein the size of the first storage

25 unit is a multiple of the size of the second storage unit, and that it further
comprises means for allocating a unit of the first type either for stream storage
or to split a unit of the first type into a plurality of units of the second type, for

storage of non-stream data.

30 File systems are used to store and organize data on a storage
medium such as a hard disk, other types of storage media not being excluded
(e.g optical discs, magneto-optical discs, solid-state memories...). Known file
systems are optimised for traditional information data constraints: in particular,
they use logical data blocks (basic unit for disk space allocation), which are



25 unit is a multiple of the size of the second storage unit, and that it
further conprises neans for allocating a unit of the first type either for
stream stwpagws4766 to split a unit of the first type intoPaTmPoz/ad3sey of
units of the second type, for storagé of non-streamdata. 30 File systens
are used to store and organi ze data on a storage nedium such as a hard
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i nf otGrat hard disk itselfion- st r eam data, such as asynchronous files : electronic
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stream or | s nous n ef nne Ldi
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to an enbodi interface means transport the renote procedures calls
from a hdatabssesageraydiovideodtata dsreamson isoelyroneks dataljaran efficiafins. The
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for asynchronous data and a fixed area for audio/video stream data.

According to an embodiment, the interface means transport the remote

procedures calls from a host storage application to the file system manager
20 means.

The host device and the storage device are linked through an interface
enabling them to communicate and exchange data and the remote
procedures calls can be sent using an existing interface between the two
devices.

25
According to an embodiment, the interface means are serial type

interface means.

According to an embodiment, the interface means are compliant with
30 the Serial Advanced Technology Attachment standard.

The Serial Advanced Technology Attachment standard (SATA)
interface brings major benefits, as being a high level protocol, especially

compared to the Parallel Advanced Technology Attachment (PATA) interface.
35



procedures calls can be sent using an existing interface between the two
devi ces. 25 According to an enbodinent, the interface neans are serial type
i nt er f acewp®ans473dccordi ng to an enbodi nent, the interfac®CTEPI1BL
conpliant with 30 the Serial Advanced Technol ogy Attachnent standard. The

STl e, ST SR R e FTAEA TS5 bt P BB o
P Il el [ 3/ 054730
aralle Pﬁg&ggg?@éj cafis m 20Nt étéféfeygg%plfc%ﬁ)t?' tABSKIE aBBtem FRariyt

PCT/ EPO2 6 Acc ng to an I ment, the interface nmeans transport
t he r enpmeansrimcencapsulating thefr iora Brame inferroatiofe Sapsturedielcon to the file
system nmanager neans by encapsul ating themin a Franme I nformation
Structure field. 5 1n a preferred enbodi nent, a Frane Information Structure

i s defined in|p hlifefPicaibolin®Aa Aramey IjtsrmistiopeSeacitd RndefiMednint he SATA
standard, the inventors have found that it would be particularly suitable

to enc?pihLﬂ soatexhof SBTA; I orderttoabe semplingl withathe SAdAestandapd, @s;a tﬁ use
FI'S ; ' . . '
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char act erPi anl the tragpoittlayercandltherefosd projussedteviise adelSofodisegding they of the
enbodi nent of the invention. 15 Gt her characteristics and advantages of the
i nvent i ofeMPte ProsedHres ¢allSough t he description of a non-limiting enbodi ment
of thg invention, which wll be illustrated, with the help of the enclosed
drawi ngs anong which: - figure 1 is a block diagramof a systemincluding a
host devi ce Afotival abjettafdbe inkentior imadouliimeglia terntieale ptejdientiatly af t he

set-top box, characterized in that it includes a storage device according to any

of the embodiment of the invention.

15 Other characteristics and advantages of the invention will appear
through the description of a non-limiting embodiment of the invention, which
will be illustrated, with the help of the enclosed drawings among which:

- figure 1 is a block diagram of a system including a host device
20 and a storage device according to the embodiment of the
invention,

- figure 2 is a block diagram representing an embodiment of the
interface between the file system and a host storage
application,

25 - figure 3 represents an overview of the cache prefetch by the file
system.

The present embodiment is based on interface means compliant with

30 the Serial Advanced Technology Attachment standard defined in the
document “serial ATA, revision 1.0, 29 August 2001”. It is also related to the
storage of video data on a recording medium and in the present embodiment,

the storage medium is a hard disk but could be of any other type. The



i nvention, - figure 2 is a block diagramrepresenting an enbodi nent of the
I nterface between the file systemand a host storage application, 25 -

figure 3 wompsmesgat s an overview of the cache prefetch by tloa/HPo2/e3368yst em
The present enbodi ment is based on inferface neans corrpl ifant with 30 the

Serial Advanced Technol og tac nt  stgndard defjin t ocurrent
"serial Aventiogisgf &QUISQ)KO%“%QEE tV%b%ata ype Y g tﬁge%e ned: he
storage Qfpoydeo data on a recording nediumand in the present enbodi nment ,

the storage nmediumis a hard di sk but could be of any other type. The WO
03/ 054730 PCT/ EP02/13369 7 invention is of course not |imted to video

data type or to the context defl n above ure 1l.re nt s ost
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I nvengi ofg aﬁl@ﬁb@mhéﬂﬁbﬁﬁq@nﬂ/@ﬁﬁén onal descri ptlon of the host device and
of the stora%e devi ce. The host device conprises a storage application 3,

an interface Figure Vigikes golunctionaldrpaiiption«d thathnat deyice @ndhef theor age

device 2 conpr.i rf flrm/vare
pr ogram 7&%%@ aagglf:%‘ J:hrsék%gggecﬁ%\lﬁ%/e g?or%@erh;ggdgt @ég %@%”é&?@% § |aancl udes at
| east t henietfacade aridhaisoureeiNgnd ahadeb dutpkit 10. t he gi ven enbodi ment, and

the cache nenory. For designers of enbedded systens, it is very convenient

to be 15 provi ded with a storage device including a file system when the

i nt ergace ;ﬁiee§ cﬁagﬁs&?\h eafcc?o?ﬁ G %hofrﬁgﬁaégaé‘s bhdlﬁggﬂi%gflfeemt e

procedur es sy ST e reans cording t present
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given embodiment, and the cache memory.
For designers of embedded systems, it is very convenient to be
15 provided with a storage device including a file system when the interface
enables a host to access the storage means by sending remote procedures
calls to the file system means. According to the present embodiment, the
storage device is delivered as an autonomous entity controlled through a
simple interface by passing procedure calls and thus reduces the work
20 required for integration. This enables the designers to get the best of a hard
disk drive without any expertise in the domain.
Preferentially, the interface includes an Application Programming
Interface (API).

25 The storage device 2 is provided as a stand-alone and highly
integrated storage device where all the software that manages the files and

the hard disk assembly controller is embedded.

The hard disk assembly 8 is intended to store video data (as well as

30 audio data) from the video source 9 or any other data provided to the storage
application 3 called non video data or informative data. The video source 9

can be of any type such as a broadcast program for instance and can be a
stream coded according to the MPEG-2 or MPEG-4 standards. The hard disk
assembly 8 is also intended to be read by the storage application 3 in order to



20 required for integration. This enables the designers to get the best of
a hard disk drive without any expertise in the domain. Preferentially, the
i nt erf acewDrglosutes an Application Programm ng |Interface @APIEP02/2B6The
storage device 2 is provided as a stafBd-al one and highly integrated
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any ot her data pr to t orage "application 3 called non video data
or i nf or pradess vitkecatypehdatai deo source 9 can be of any type such as a
broadcast program for instance and can be a stream coded according to the
MPEG 2 or MPEG 4 standards. The hard disk assenbly 8 is also intended to

be read by thghstssaofevidPli 6 eftheB réad oF dddret datdQifdrMatvedata or
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15 The storage application 3 receives this video stream from a video
source 9. The storage application 3 has to store the video stream on the hard
disk assembly 8.

The interface 4 and the interface 5 are of the same type in order to
20 enable the communication between the host device 1 and the storage device
2. As mentioned above, in the present embodiment, these interfaces are
compliant with the Serial Advanced Technology Attachment (SATA) standard.
The SATA protocol defines three layers: physical, link and transport
layers.
25
The SATA protocol provides a relatively high integration and sufficiently
high-speed interface for the consumer market. Other interface types such as
for instance the Parallel Advanced Technology Attachment (PATA) can also
provide a high-speed interface but provides less integration facilities than the
30 SATA interface. The SATA interface is designed to be compatible with the
PATA interface.



The interface 4 and the interface 5 are of the sanme type in order to 20
enabl e the communi cati on between the host device 1 and the storage device
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interfaces are inp nted on the storage device, preferably both PATA and
SATA, asanéiansimitsdbe encapsilatedsprmest and SATA drivers are conpatible with

PATA. 5 The lipk Jayer enca t L an i ved : I port
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primtivefe Passsbrehyep and recsi@giapimitivesrani ¢hé papsigal layesyehich aingl recei ves
primtives fromthe physical |ayer, which are_ converted to control signals

to the tEeomitad ta egrirol signals ifhe tgrsporilayer. ddie lnk layer pegds pahbeof t he
cont ent . . | ayer constructs Frane |Information
Strug(?urgégr}'%%g;ﬁftg?&%ﬁ%rﬁs%?hﬂ%ﬁegh and deconposes received FI'S. Host and
storage device transport layers differ in that the source of the FIS

content A1 ! ehze tinaoph el aorar R s ok Mg et (M
transmission and decomposes received FIS. Host and storage device
transport layers differ in that the source of the FIS content differs.

15
In the given embodiment, the host device 1 and the storage device 2

are physically independent, i.e can be separated.

According to a variant of the embodiment, the storage device 2 and the
20 host device 1 can be for instance mounted on the same printed circuit board

just physically separated by a connector.

The interface 4 and the interface 5 are interface means enabling the
transfer of remote procedures calls from the host device 1 to the storage
25  device 2.
The interface 4 includes an APIl. The API enables the procedure calls 7
between the host device 1 and the storage device 2.
The inventors have found that it would be particularly suitable to
encapsulate the API in the transport layer.
30 The API is defined as a new FIS category. This FIS provides a

structure description that the API procedure calls.

The interface 5 on the storage device 1 decomposes the received FIS.



According to a variant of the enbodi ment, the storage device 2 and the 20
host device 1 can be for instance nounted on the sane printed circuit board
j ust physwoaBloy47separ at ed by a connector. The interface 4ramErPolies3snt erface
S are interface neans enabling the ttansfer of renote procedures calls

fromthe host device to the storage Vi ce nterface 4
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description tha rocedure calls. The interface 5 on the storage
devi ce 1SQERERP ‘é'@%off% ?'5 d éfoema ‘i‘—*f%g 03/ 054730 PCT/ EP02/ 13369 10

Namely, it 6X§ ast s ﬁ|86dﬂ?énp%@m@e&%r sftémgglgtbﬂ AR ﬁrﬁelmc@mﬁg to

transmt the conman to the multi a file system6. The
mul t i nednmoﬁumev@pstda’ta @ndsinfermativel dath yfeatures | first typet eksiosagd Hnltst or age
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f eat ur ess@yrigidn-stréiein Aats! Whésn W izefobthe firstist@ragedirit mnal muitipie deo
streans and a second type of storage unit for storing non-stream data,

wher ei n ohthessize obthe wmdr%tprw@geb\ uRit of the firskiyne |§|aglocg§edt OitheL| yo of
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for |nto a units o € second
type fogtorgg@bag@n-@freanmahr eam data. I n one enbodi nent of this file

t th I di t t both t f st it
and bot h typelt oneanasiment of 108 dle Sylem, dRorec oy AR pRPURE PR dac e
(non- st rﬁﬁrgogﬁhg)escgf stdragBUMHitd/ afldsndides éhiegam data) in an efficient

manner, avol
The storage device 2 can store informative data (non-stream data) or

15 audio/video data (stream data) in an efficient manner, avoiding a
fragmentation of the hard disk, without defining a fixed area for informative

data and a fixed area for audio/video data.

Advantageously, a unit of the first type split into a plurality of units of
20 the second type can be, upon availability of all these units of the second type
and according to the type of data to be stored, no more split into a plurality of

units of a second type.

The bandwidth being function of the size of a data burst transfer, the
25 less time is used for seeking the hard disk drive sectors, the higher the
bandwidth. Thus, the multimedia file system 6, by managing the hard disk
assembly 8 according to the type of data to be stored, limits the sectors
search and therefore reduces the access time and increases the sustained bit
rate.
30
The storage device can then be configured in accordance with the type
of data to be stored and the hard disk drive occupation can be improved. This
may improve the fragmentation of the disk when there are only big size files to
store. These ones are stored in a big block, whereas when there are a lot of



fragmentation of the hard disk, without defining a fixed area for

I nformative data and a fixed area for audi o/video data. Advantageously, a
unit of twe Bios&Botype split into a plurality of units of PCZEPINE3s®coNd
type can be, upon availability of alllithese units of the second type and
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data bur orb ifA R the 25 less tine is used for seeking the hard disk
drive sectors, the higher the bandw dth. Thus, the nultinmedia file system
6, by managing the hard disk assenbly 8 according to the type of data to
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stru:f(%ure indicates at |east for each first type unit whether this unit is
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call's 7 ang tRBMBrdgRt fvidd'2. Some of the procedure calls 7 are shown later on
figure 2.
15
The multimedia file system 6 accesses the hard disk drive through a
firmware module 7. The firmware module 7 manages the low level accesses
to the hard disk and to the cache memory.
The firmware module 7, the multimedia file system 6 and the hard disk

20 assembly 8 are very close and can interact.

The hard disk assembly 8 contains standard hard disk drives, as well
as cache memory (not shown separately on figure 1). Using a cache memory
is a means to counterbalance the hard disk drive’s lack of sustained

25  bandwidth, mainly during access to different files.
The use of the cache memory by the multimedia file system 6 is

described later on figure 3.

Figure 2 represents an embodiment of the procedure calls exchanged
30 between the multimedia file system 6 and the host storage application 3.

The procedure calls 7 are also defined as the APl and are embedded
in a Frame Information Structure of the SATA protocol.
Different procedures are defined among which, for instance:



figure 2. 15 The nultinedia file system 6 accesses the hard di sk drive
through a firmvare nodule 7. The firmware nodul e 7 manages the | ow | evel
accesses womswhgihard di sk and to the cache nmenory. The fiPCmEROB1336¢uUl e 7,
the nultimedia file system6 and the Bard disk 20 assenbly 8 are very
close and can interact. The hard di sk assenbly 8 contains standard hard

di sk drives, adnmms'cé%ateﬁiﬁ?éeﬁéc%ry (not shown separately on figure 1).

Using a cache g 0 count erbal ance the hard disk drive's
e dpBnopar AT

| ack of sust ai mai nly during access to different files.
The use of the Intiginefs+solone: ¢ldse 4 file, mul tinedia file system6 is described

| ater on figure 3. Figure 2 represents an enbodi nent of the procedure calls
exchanged 30 ﬁB"EtW@@Jﬁg fjtqp{ﬁ'@di a file system6 and the host storage

appligation 3. Iﬂ_ﬁﬁmﬂ‘&%ﬁgu\ﬁ/ﬁtéélﬁies 7 are also defined as the APl and are

enbedded in a Frane ormation Structure of the SATA protocol. Different
procedures are defi ned anong which, for instance: WO 03/054730

PCT/ EPO2/ 13369 , 12 nt reat:.. cre a file, . l.nttmfs open a
Fier it Acosind' i ol Praeeit “CBbfiinfirt. Guiaie, bAFReRRY oare

| nt t mf s-asbbritedithethdsé ffunﬁ:tuoﬁ@cmedsnﬂa addrebs oP rt?waf dateadt RS File certain
paranmeters are associated with these functi ons: | e size, address or type

of data tigintended{o plore.is intended to store. 10 The nultinmedia file system
6 reqﬁlves t hese procedures calls and

The multimedia file system 6 receives these procedures calls and
executes accordingly the operations on the hard disk assembly 8. The
execution of the procedure calls 7 by the direct control of the file system,
without the control by the host, can improve the performances of the whole

15 system as the multimedia file system 6 has a better view of the organization of
the hard disk than the host device 1.

Figure 3 represents an overview of the hard disk drive cache prefetch

process used by the file system, according to the present embodiment.
20

The multimedia file system 6 is aware of the disk partitioning. The data
are stored on the hard disk according to the strategy defined by the
multimedia file system 6. Namely, the hard disk drive 8 is partitioned
dynamically according to the type of data to be stored on it as mentioned

25 above.

So, when the host device 1 requests some data for the video output 10,
the multimedia file system 6 knows the address of the next data it has to
output from the hard disk as it is aware of the data organization. The cache
memory is then loaded with these data, as the data stored in the cache

30 memory are the next data to be sent to the host device 1. The multimedia file
system 6 itself controls data prefetching and stores as far as it is possible
large blocks of data in the cache memory. This cache prefetch process is a
cognitive prefetch by opposition to known statistic prefetch processes
controlled by the firmware 7 of the storage means and not by the file system



executes accordingly the operations on the hard disk assenbly 8. The
execution of the procedure calls 7 by the direct control of the file
system wotodost73¢ he control by the host, can inprove thePoardfPor/nmBrces of
the whole 15 systemas the nultinmedi al3file system6 has a better view of
t he organi zation of the hard disk than the host device 1. Fiqure 3
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file system®b6 Is a e disk partitioning. The data are stored on
t he har d latationasfdbe diateyon the diskst r at egy defined by the nmultinedia file
system 6. Nanely, the hard disk drive 8 is partitioned dynamcally

according to the type of data to be stored on it as nentioned 25 above.

So, when the hesjrirdexire8d hetess!amhen senhodttiaviter! rdifuestsiecfilewtored 10, the
multinedia file system 6 knows the address of the next data it has to
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far as it is possible |l|arge blocks of data in the cache nmepory. ,This cache
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i nvent i otharskctors barstedtsoahe¢dk afothe sectenreqguastad day thel hasbtanghthuse
requests m or, dat n,the disk hese ,request containing the |ocation
of the dé(‘(oéﬂgﬁist%@a‘fﬁ @ﬁaeésee%%mso ﬁ@a‘&acé@c'ggg‘,o%en the host device 1
requests a file stored on the hard disk drive, the multinedia file system

6 knows that the file requested by the host device 1 is stored on sectors
A, C, D, E andSuich cache memory management, in most of the cases, can reduce

15 access time and provide a real time access to the data on the hard disk drive
and may be of great interest in the case of video storage.
According to the present embodiment, the cache is managed as a ring
buffer, but other memory management methods may also be used.

20 During multiple accesses, the cache memory is segmented according

to the number of simultaneous accesses to the storage device.

During a write access to the hard disk drive, the file system
management means 6 send a write cache command to the firmware 7 which
25 sends the order to the cache memory, so the data to be stored are sent first to
the cache memory and when the burst size is reached (for instance 128K
Bytes) or when a predetermined level of filling in is reached, they are written
on the hard disk drive. The write cache command is defined as a new
command to control the hard disk assembly cache memory and it is thus very
30 convenient and avoids having high capacity buffering means at the input of
the storage medium as it is usually the case. A small buffer (512 bytes) may

be needed to adapt the bit rate between the incoming flow and cache write.



Therefore, the nultinedia file system6 will |oad into the cache nenory
these Dbl ocks one after the other and thus no useless data is | oaded into
t he cachewo®3metmery. Conventional prefetch, in oppositionPCrEeds13i3nt o the
cache nmenory the sectors contents ahdad of the sector requested by the

host and thus _would al so have | oaded sector B into the éFChe menory. Such
cache menory nBeabeisead and wilteracoesses thadwads of the baid-disk dEvg&@ss tine
and provide a_k i i 1 and may
e of or Biseafigfied briTRe(HERAE chiden o {RERaRME MaXtidhdterh Gider e 1 ccont
enbodi nerdducelthecrchss timemranaged as a ring buffer, but other nenory
managenent mnet hods may al so be used. 20 During nmultiple accesses, the cache
menory i s segnented according to the nunber of simultaneous accesses to
the sforage dey ' idcPu thé RodttRrdighdheicontdl bihe the file
systzgm mnageyeﬁfcang%?%g@\r%‘@ew@fg§cache corm%nd to the firmvare 7

whi ch 2Muléimddia file systear 61 ihethust davice daesoat reguwire axira memery, SUCRt ored are

sent first to the e r nd .whe he burst sij. i 2ach (for
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reached, they are witten on the hard disk drive. The wite cache command
is defined as a new command to control the hard di sk assenbly cache nenory
and it is thus very 30 convenient and avoi ds having high capacity buffering
means at the input of the storage nediumas it is usually the case. A
smal | buffer (512 bytes) may be needed to adapt the bit rate between the
incomng flow and cache wite. WO 03/054730 PCT/EP02/13369 14 For both
read and wite accesses, the heads of the hard disk drive are
pre-positioned on the proper cylinder to prepare the next transfer in order
to reduce the access tine. 5 The cache nenory being used by the host
through the control of the Miltinedia file system 6, the host device does
not require extra nenory, such as dynamc RAMfor buffering the video data
as in conventional architectures.



WO 03/ 054730 PCT/ EPO2/ 13369 15 Clains 1. Storage device (2) conprising
storage neans (8) characterized in that it conprises 5 - file system
manager rm&ans/o§630 f or nmanagi ng the organi zati on of the d&Ca/EPowiIad on t he
storage neans (8), - interface nmeans 14, 5) enabling a host (1) to access
the storage neans (8) by sending renpte procedures calls (7) to the file
system means (6). 10 2. Storage deWl@®Sccording to claim 1 characterized
in that it conprises cache nmenory shared between the storage neans (8) and
the host (1), the cache nmenory being | oaded upon control of the file

syst em manageStoregesdevidd) (ZT)I‘@n%)risﬁihg)s&gageleném @) chvadactgrized it diah 2
characterized in that the file system nmanager nmeans (6) control the cache
menory pHREPEIRIIES8uri ng the accesses in read node. 20 4. Storage device

accorgding to claim2 char Atz Glahdadainckiie (5] ClorsWhbABYRBNaBEr means

(6) is configured to send Wite cache comman 0 the cache nenory in
order that data to be etganizhtion aftiee slata sigredrodithersicage anearis (83t stored in

t he cache nenory during,access in | te nmode.and | tr. ferre r t he
cache nemory to the_'stgﬁ%'g%cmqnﬁ%eﬁ ?ﬂ%&ggcﬂehoség(qiréﬁoégf%ﬁ%@?ng in has
reached a predet erm nedigrgy&imedhs &) Vyessndify réfofs pRIcedRees cal(7)of cl ai s
1 to 4 characterized in that it conprises segnentation neans to partition
the cache nmenory into tetherfie sysemnswamst(8)-according to the nunber of

Si rrum aneous accesses to the storage neans. 6. Storage device according to
any claims | to 5 characterized in that

2. Storage device according to claim 1 characterized in that it comprises
cache memory shared between the storage means (8) and the host (1), the
cache memory being loaded upon control of the file system manager means
(6).

15
3. Storage device according to claim 2 characterized in that the file
system manager means (6) control the cache memory prefetch during the

accesses in read mode.

20 4. Storage device according to claim 2 characterized in that the file
system manager means (6) is configured to send a write cache command to
the cache memory in order that data to be stored on the storage medium (8)
are first stored in the cache memory during access in write mode and
transferred from the cache memory to the storage medium when the cache

25 memory filling in has reached a predetermined level.

5. .Storage device according to any of claims 1 to 4 characterized in that it
comprises segmentation means to partition the cache memory into several
30 segments according to the number of simultaneous accesses to the storage

means.

6. Storage device according to any of claims 1 to 5 characterized in that
the file system manager means (6) feature a first type of storage unit for



the file system manager neans (6) feature a first type of storage unit for
WO 03/ 054730 PCT/ EPO2/ 13369 16 storing audi o and/or video streans and a
second t yWwe dfs#Bor age unit for storing non-stream data, paiv@Pe2/m3the size
of the first storage unit is a nmultiplee of the size of the second storage
unit, and that it further conprises neans for ocating a unit, of the

| |
first typoriagtaedior apd/er vidan sireamgeand 3 seepnd 3yae i $torRges Uniefor r st type
into a pLyrality [ ; r is% riMiplest ream
dat a. 7.&@?@%%&@ é%%e&a;%’%?%%ﬁbﬁ%gggﬁ gﬁéglrgg%&rr%'%?gt%g%s%ar a(I:tl%ri zed in
that t hef thet sié @f ¢hersecond gtorage unibnamobthattibfurthencomppises eneanssforal | s (7)

(6" 5. alosiling abnites tn TBsLvAg Stheh Rr SPeamcstitace S, SIS AALAF, sod | n
that sth éﬂFs?rtgﬁ&%tg_"‘%gﬁ{réﬁtg & uitsSof e Qécéhﬂ)ggié?tfgf ERfragE®ANon-15 9.

St or age devi ce accordi o Claim8 characteriz Iin that The interface

means (4strédmadataconpliant with the Serial Advanced Technol ogy Attachnent
standard. 10. Storage device according to claim9 characterized in that the
interface 20 neans (4, 5) transport the renote procedures calls (7) froma

host stoyage SugHabbCRvic aéddrding fohany bf elaimstietd Fwhagacterizediin (gt by
encapsul ating themin a Franme Information Structure field. 11. Miltinedia
t er m nal thepiniedaesimeansy (4 )i tsansnort tes(grapishpracedieas ealls €0 fram a5 that it

| ncl pdes 8 SLBFRRCatMELS () 10AS HebiMeimaRdge mebas (8). 1 to 10.

8. Storage device according to any of claims 1 to 7 characterized in that

the interface means (4, 5) are serial type interface means.

15 9. Storage device according to claim 8 characterized in that the interface
means (4, 5) are compliant with the Serial Advanced Technology Attachment

standard.

10.  Storage device according to claim 9 characterized in that the interface

20 means (4, 5) transport the remote procedures calls (7) from a host storage
application (3) to the file system manager means (6) by encapsulating them in
a Frame Information Structure field.

11.  Multimedia terminal, preferentially a digital television, characterized in
25 that itincludes a storage device (2) according to any of claims 1 to 10.



