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a storage device, 1t can be use is not limted to, nultinedia
terninal s suchheglesign. obﬁnmé@rd)rdlsiﬁ QTIY%IStqf@GeW%tP'@ﬁ igehased 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. 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 mulimedia devices. Muitimedia devices manage 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.

In accordance with an aspect of the present invention, there is provided a
storage device comprising storage means characterized in that it comprises
- file system manager means comprising self-sufficient file system
means for managing the organizatibn of the data stored on the
storage means,
- interface means enabling a host to access the storage
means by sending remote procedures calls to the file system means.




The evol ution of the enbedded term nal market, and especially of nultinedia
terminals, such as Digital TV decoders for instance, has str&dagd®00be point
that such nultimedia termnals require high storage capacity, quality and
performances at |ower cost and higher integration. The hard disk drive
technol ogy has been driven by the personal conputers market needs and has
been evol ving steadily. The design of2 known hard disk drive storage systens
is based on the personal conputers architecture and the access of the hard

disk is fully controlled by the conputer operating systemand its
i nt egrat ed fi F&argpletasphodgneis gf 816 pressantinvention pieppsk A dihsystamwiich despi t e

its Comf%rhd{%rt'dhﬁ@ﬁ?ﬁ@fdé%%% lo Cofindifistf) an BkiEhial B, Quel Per sona

conputers i s not lant Wwth the expecte per or mances of
mul ti nedPaadesh Mdemlstqrﬁédr%ddj@w ces manage data such as v0| ce or video

that require Rj Qﬁe hRpsWedt | ff’a@dstB‘:‘ 98 M@érﬁ@éf@@&rﬁﬁ;llb&‘ ﬁg:ﬁégw Ea‘FH?SS In

particular, in the comon architecture of devices or ['s” each
devi ce ofapagerpaaas. Ahis file Is¥StemnMmaprEerd MaaANs hereh @seessipl ém simpleaccor dance

with an ashg@hd hid, Rehidd &?r?é%bohd“‘t’c?ﬂph‘?é\/el E&ﬁ@%n@ sﬁér%é de & wied age

devi ce conpri sing stora nmeans characterize It conprises - file
syst em néiveréle- Ha%ﬁ@ceé@?mmreﬁtmgg%meﬁn%@fthertmén@gerd beths it systenhitsalis f or

managi ngwithéut HiIBhtRAld tik st he data stored on the storage neans, -
i nterface nmeans enabling a host to access the storage neans b sendl ng

renote procedTP%giecsé(ﬁie@ tsdoeaied £iope ta; et doraae arans anEhu iegnizresanyl e
embodi Mepiiesh td SoRIgBSREYnS éﬁbet%'rfaﬁﬁ BEVRIOSSes Jt'tﬂaﬁssafﬁfh%@amw g& 1s not

part of the host acce55|ble by sinple commands by an external deV|ce such
as a hos®f cammaidges it tanspaiteindinowasystamsa. Al | the accesses to the storage

means are CO”Tﬁ@lth@r?thYbét\ngerf &Heestﬁbé'@%ed@wc@a&ﬁigﬂe ﬁﬂ%@r‘ss not'd 'sépér’a{l& system

manager neans are accessi b y command calls, whi correspond to

hi gh | ev@?t""%’hﬁ@ﬁlﬂ%e”!ﬁ%‘ﬁedse ﬁ'@%ﬂ'edﬂameﬂ@nﬁ orgtmehpstusn@ arméwea%le&s to the
storage g&acsor fheldtf? sTRMBURIinRY kP drensS MadiIRIEnES RShbved 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.

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.

In an 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
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




wilt hbut i ntervention of the host. The file systemis |ocated close to the
storage neans and thus the interface between the storage neéhMayad6t he
host devi ce does not transport the sanme types of commands as it transports
i'n known systens. The interface between the storage device and the host is
not a separation between the intelligence (i.e the file managenent) on the
host side and the slave device on the other side of the interface. Part of
the intelli G4 moved to the slave device. Thus the,si.atage device is
a nore inte [g}gé‘r‘l]t devi ce and the hagst device's workl oad izs jggcr eased as
It does not deal with the file systemitsel, but l_'{us,t sends sinple
commands st MeagrogrigelistuPl Neadpia, owffiec BIOaR et oS de ISy st em whi ch
file rr?_st Qfsﬁéﬁ%é qﬁ,»_ s;?hgml?n ﬁu?w]fmﬁl@?pgnemermm pedfetn pm0|@$ @m WL _heh
generation o ese hij vel , function r _procedure. S ich are
then. t r ansKMeRYSINS 'ﬁg’a ‘?fg?" Fﬁ?’ﬁﬁﬁﬂ"E%_E‘Sfﬂ?é??eﬁc‘go"ﬁgyﬁge k'%étt he file

syst em managé&tienBantain wjoel pidpettionahagede hitsge.gadate sxpested by lttee fi |l e system

I n an epbodi nent, the stor evi,.ce co | S€S, cac hared between
‘the stogggg"%a?{ S%H“ﬁﬁgaﬂ%?%%”?ﬁ‘ee%%%g%@?w ﬂb@%ﬁfg@& o‘% 8% upon control
of the fil thusysiigethtorpmaige relatbalydargSamoagicackamenoan | ncl ude a st orage

medi um a cach > ' [rm(- r; : | 4 e nmenory and

t he storage majr%. lh‘}éﬁsﬁ%\{m@ fé% ené@le{rﬁéntg%gﬁlggoﬁeﬁ@%ﬁ e{?\ﬁgfﬁu ed in all
storage neasefetthspropessafelimbiest tache frmivereenaraging e sfdrass meAlfe nedi um
However, t Bé@ du cgtﬁ!e (REEIHING 3 algiteh 84dEsDfin FNBodd, IiheABqldigdst Or age nmeans
is not aware of the

. 'next accessSes done by the host, as it _‘Ls not aware 8
‘May 208% Witecarpines yilepdriaBr X ides3et: cap Rs stord inPysral 28R EnI 6 t he data on
{Hhe st OL agfle 'rﬁﬁg?@éraﬁ)etwisrbrbémmOn Szﬁém’r&ﬂdﬁ%nﬁiﬂh& fﬁﬁ(ﬁﬁiﬁel ies with the
ost. The gache prefetc rocess,in nown sy.ste i ase n statistics
on the |as ea?f’é@g§é°§?%ﬁgﬁb%‘?°it°ﬁ§’hﬁ@stp? Go\ﬁﬂ’”@%%f’% @Bt’saﬁjﬁgtgg‘good
proporti onTiafs, heciese & ths chehegmdmby mabe seadadey witheut reducing the
probability of cache hits.
15 This cache prefetch is a cognitive prefeich by opposition to the statistic

prefetch used by traditional prefetch 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 memoty 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 fo transfer a large amount of data

from the host to the storage medium.




5 host is present in the cache before the request by the host), the
designers are thus obliged to provide relatively |arge anoudMaydéne
menory. The inventors have found particularly interesting to inplenent a
- cache prefetch process that nakes to the firmvare nmanagi ng the storage

" nedium car ry out cache prefetching at a given address. In read node, if

the requested 10 file conprises video data, the video data can be stored in

several sectoars.. The file systemis aware of this orgﬁﬁi i or

f ragnment ati%vﬁogl%%{?hus can provide jhe address of the né%t%dssg@t or where

the continuation of the file is located. - Thus, the size of the cache

menory nay be diéemedsetidish divestare éehignedgvithlzecache bhitbinableyealfirecache hits. 15

- This cache . 4 bkl b he statistic
Hfe nl‘PéPncS td

prefetch us*@ﬁggfﬁ%a"aﬁ?@&(ﬁg?mﬁée e?@ﬂ%%ﬁ%?é?qﬁggﬁhgl ed rgy t he storage

devi ce fi r iveainasd dlislf dristardywhenalata are sspiie dhm castic sy BAY eledheidst recent

access andtﬂagéfteﬁéu i@y td 016 AllcsiOdrivdabRcR & dddy Hitskns ABedgcording to an

enbodi nent o e Invention, the file system manager neans control the
cache mBnomMPYvEE-cBuUshehknawn Gaghe Wateslealwes bthus netadaPied de large buisti ng. t o an

embodi ment y@hsbhRsity i the dil6 hbé Iemewsitearieas@is! neans is confi gured
to send a wite cache,_ command to the cache%c[rgrr&rfy. i nt25 t?,rd r that data to
Y & eRe.

be stored on th&MRANHEYEEMREFUNHI%TF PFEPS menory
during acceafsfentoihi cachsbeiemarydartrdons fuaingetle icacira hbmoneaidewherenory to the

storage nedi um when the_.cache nmemory filling in C

pr edet er ni dcﬁcggéﬁlgm%ﬁ@fﬁzw asmﬂglg?%edc%gﬁge%(%%@n%%ﬁ% |ca%%sar o store the
.dat a i not h&ansfetned tontbestoyags nkdium. fTham $ieedisk hgad moves anigditened y to the the
storage nedq| A BRRd, Lhd Glefldky.in order to transfer a
| ar ge anou t&ﬁerﬁgggauﬁhm%@ﬁteaqﬁost t% t % étoreagtéy medium 8 May 2006 WO

03/ 054730 PCT/ EP02/ 13369 4 Known hard disk drives are designed with a

cache wite enaRlgdfgatiyr an SABMRIARINL (HRES of | @fvigdoemnipakedir i ve the
transfers fromthe cache nempr he hard di sk drjive and Y\@en data are

' o t
.sent to t hge@ggqn{@tiqq@?ﬁﬁn§ tq H:ﬁargyti rtée FTF@I? into several segments according

15 the number of simultaneous accesses io 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

s ."j} 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




- data const

transferred imediately to the hard drsk drive, which is costly in terns of
. head 5 nobves. Such a known cache wite feature is thus not ali¥ay@@0€o |arge
. burst transfers as the head of the drive has to nove at each transfer.
Wth a wite cache conmand as proposed by the invention, the data transfer
to the cache nenory are done using the cache nenory and when the cache

menory filling in has reached a predetermned |evel, the data are 10
transferre storage nedium Thus the disk head y when a
predet erm (rj?‘é%%éung |ty of data is stored in the cache IJr%r:‘g}r‘r:gorszg}93]3%6\0cor ding to

-an enbodi nent, the storage device conprises segnentation neans to
partition .Ia{h%r %ﬁrféhG{or' Rk Br&S B midgnie BN tie disk QESlbNgz4)0n ckderttbe nunber of

si mul t aneou nmeans. In case of requests relating to
a pluralitSP '8*'3 otﬁ?regplgﬂ?ycfflapk%'gadt’qughe storage neans, in order to inprove

t he chance of cache hits, it can be worthwhile to share the cache nenory
into segnents in Egrdardipitel | \vided sheant.asheh rfideroaygtem20may t ptt dierdi f f er ent
requested &inkg qﬁsé%ﬁﬁ'édags tTﬂe%ﬁraﬁ@EQ@fﬂ%%grcél%cfté Gy Rxgtemeeans feature
afirst ty é g uni t %r St lﬁ q @E‘g Oféﬂ%‘gf fyérg%ﬁ streans and a
second tyrfgagme"tag'f’Br HE GRTIIUPEF YR IR érein the size
of the fi regicalthledkgle a®thaniand jray,theiaferiephe péffpoftﬁ’éa’b’r }fés y#ed % second

st or age Uniiect a¢xtl opaatidit. Thiy tdaels tocangiedrses niéws global avdileblat i ng a unit of

the first ﬁa\‘rﬂﬁrdﬂ tlrlﬂﬁtrheF brdS HthS ARS8 redlbs He RPbihar@ed!Bf theOf the first
units of "the second type, for storage of

. type into a
- non- stroearﬂaé‘gfj Fr I e systens are used to store and organi ze data on a
,storage medi um such as a hard di sk, other types of storage nedia not being
~excluded (e. gTb@ts{omge dhviee san mbﬁmmﬁve& dath (dbregrsansddta.cbushat e

menori es. ars) aﬁ%cﬂmoué f‘?sr iu“r?é‘:%"’aﬁ'% ! |<§e‘3Qia JBg‘érﬁﬁlr' th@nal information

: ogrca a blocks (basic unit
for di sk sqmsmrbgraauohmwdewﬁﬁt@rﬁt@a@ @ ispelironoos d¢E B3Ny 5

PCT/ EPQ2 %‘ﬁ% rT RblGg SiRYnlent@bn bhe Qtdisde, WithbRaRkitingG8 figdd &g di sk sector

.size) 1 n or
) for asynchronous dataand a fixed area for audio/video stream data.

According to an embodiment, the interface means fransport 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

ST 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 Advan_ced Technology Attachment standard.

The Sefial 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




optimse the efficiency of disk space use. For a digital video stream such
file systens may not offer 5 satisfactory performances. The8 3mi3008i ze of
the logical blocks nmay lead to file fragnentation. As a consequence, the
di sk head may often nove fromone |ogical block to another and may
therefore be proportionally |less used for direct read operation. This

| eads to a decrease of the global available bandwi dth. In other words, the

fil ersyste%%gﬁ%es t he perfornmances of the 10 hardP '/EIL%ZIimt;osgelf. The
storage device can store informativegdata (non-stream data, sSuch as

asynchronous files : electronic program guide data, program code,
dat abases. ..) ofcopidindiodrderobagiment,tee cgrmeansdianspriiise d0d} in an

ef ficient 15,0RHAC call@HGIncH RBstBidriROARIRERIGNOB 1RE fild§sBhPraASer W t hout
defining a fixed area for asynchronous data and a fixed area for

audi o/ vi dednesns &% enerisglatinghaidn Aranee berawbioasivesture fiele i nt erface means
transport the renote procedures calls froma host storage application to

the file system manager . 20 neans. The hast device and the storage device
are |inked thr g8 ”ieﬂtegg’f’g'g@”fs’@rféﬁf‘?ﬁﬂo ik u&%’Fﬁw‘ﬁﬁF@lﬁdénand exchange

data and t hge eait@t&r JATEC &6l ords i€ B lcSm@hant ithSatSAI stgndund,ehé St i ng
interface hetween, the t vices. 25 . Accprdi,ng to an enbodi ment, the

i ortace MERNERIaRiopiOmef § ¥iolitie EPHATREN Slidide 'S AReSTRE e

enbodi ment ,ARi iretheritaespat eyereanisherraepopbsatot use a RIS BOsergSbe i al Advanced

Technol ogy dard. The Serial Advanced Technol ogy Attachnent
st andard (é%[?%%tgérregtg%e&bri ngs maj or benefits, as being a high | evel

spr.ot ocol0, especially conpared to the Parallel Advanced Technol ogy

Attachnent ( PATA ot dMoBlekB8ihe BrerfioNiYa /AR @%Héﬁﬁr@%rgﬂﬁﬁ 02/13369 6

_set-fop 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
= 3 | interface between the file system and a host storage
| application,

25 ' - figure 3 represenfs an overview of the cache prefeich 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




According to an enbodi nent, the interface neans transport the renote
procedures calls froma host storage application to the fil e§Mat2®6nanager
nmeans by encapsulating themin a Frame Information Structure field. 5 1n a
preferred enbodi nent, a Frane Information Structure is defined in the
context of SATA. In order to be conpliant with the SATA standard, the
inventors have found that it would be particularly suitable to encapsul ate
the API i transport |ayer and therefore propose FI'S for
sendi ng thQWB:ag%{sg procedures calls; 10 Another obj ec%{?glfzﬁ?/h%@i nvention is

a multinmedia termnal, preferentially a set-top box, characterized in that
it incl udesin\a%nﬁtmbisagsoweein@bilfaléﬁddﬂd-‘il%@ daja Hipg orde theneordaxbdelingdnt of t he

invention. Ja O her characteristics and advantages of the invention will
appear through the description of a non-limting enbodi nent of the
invention, which wll be illustrated, wth the help of the encl osed

drawi ngs anong pRieN: regflsdftsfd B4k Bevicd § AdR a6taglidaGEam REo@ingystem =

i ncluding a host ‘device ,and a storage device according to the enbodi nent
of the 3i nyeARewodimeghffthednyentigny, ock di agram representing an embodi ment
of the interfagguiet yoed atiActivhbledessyaptim Gfrtde dobosdvicet andagktheappl i cat i on,
figure 3 rePrese‘nts an-ov rnggw.of t he cache [ﬁé%f et@g. b#/ the file system
The pr esent &A% EPHER T7% NEaS 8VIGH PAPEPTS fe SRR s Mart i th 30 the
Seri al Advartedabe e alvidob egyrcd\btaad hmideo atmndér d defined in the docunment
"serial ATA, revision 1.0, 29 August 2001". It is also related to the

'storage of video data on a recording nmediumand in the present enbodiment,
the stdPage medThensiomga deiat @i sdnpyises cayulidefaseo$, anpubmedia flppe. The 8 May

“2_006 Wo03/ g?égr’f‘ioﬁ %ﬁh%@é%@%@@ 7 and a hard disk assembly 8. The hard disk
assembly 8 includes at least the siorage medium, being a hard disk in the
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 fo 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 aﬂtonomous 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 expértise in the domain.

, Preferentially, the interface includes an Application Programming

LN 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




~ description of the host device and of the storage device. The host device

7 invention is of course not limted to video data type or. to the context
defined above. Figure 1 represents a host device 1 and a st®MuayeOfevi ce 2
according 5 to an enbodi nent of the invention. Figure 1 gives a functional

conprises a storage application 3, an interface 4, a video source 9 and a
vi deo out put 10. 10 The storage device 2 conprises an interface 5, a
multimedia file system®6, a firmvare program 7 and a i assenbly 8.
The hard di‘g‘%”’ogg%enbly 8 includes a} |east the stor ag@%&?ﬁ% being a
hard disk in the given enbodinent, and the cache nenory. For designers of
enbedded spovidasiata to ths videe puipsh{Rnihentidegoyeut W%r%?%@ﬁemaf h a storage
device i nclcéh%ie&%nae{g {c%a gws&i%%ﬁb bRE ot 9hdaAS Snateiaplkesivéohost to access
t he storagé neans’ by sending renote procedures calls to the file system
means. Accprodéssyides tyeedai-esent enbodi ment,. the storage device is
delivered as an autononous entity controlled through a sinple interface by
passi ng procedure calls and thus, reduces the r 0 requjred for

i ntegration. THihg hoshapvice 1 5an RllLpyicE s°"t‘°5°r§e‘¥a\%f h@f%g'é%t?’ 0 taag’hard di sk
drive withgybo ag) @K[ARS hbkedisk absumity BailncarPreati afatntiestinky fotthee i nt er f ace

i ncludes an pl'icatiop Progranmn terfa ( ) h torage device
2 is provi H@é?éé'tpé‘t é’t“aﬁﬁ- é?rgngsﬁrﬁ?gﬁméﬁl § ©fi (réf%ggr@% '_egl s%oo}aggédevi ce where
all the sopfosedsed tndtcommpias thdeided| sairendo thehart alisk afssmbiskenbl y

~controller is enbedded. T d disk assenbly 8 is intended to store video
data (as mﬁ?m'nggrgmggegﬂ%‘?%idrat a) fromthe video source 9 or any other data
provided to t haVissnchadestalepice davansntosstersl dasaion B1e hardidisk @a3eRlY i nf or mat i ve

‘data. The yigeo C 6AB REn@ caMndndP&aIIs Us hh@sn@tihediadi@st program
for i nstang'eglgnaﬁ%grﬁ %ﬁ%atlsgtrea?n cgded i EG 2 or MPEG 4

) >d accor di to the
st andar ds. syRtem B regstanege 48\¥esnd Vip tﬁei"%te'gﬁ“?o‘{ P’hﬂgrﬂ?éﬁé?vbcebl\fa?%ad by the
storage appliigdlii@b o thdlsteragedetice 8. May 2006

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 siorage device
2 As mentioned above, in the present embodiment, these interfaces are
compliant with the Serial Advanced Technology Attachment (SATA) standard.

B 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 Paraflel Advanced Technology Attachment (APATA) 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. '



- WD 031054730 PCT/ EP02/13369 8 provide data to the video output 10. The

vi deo output 10 can be an external connection, e.g to a TV &Mapl2806or to
any ot her neans that can receive or process video type data. 5 The host |
device 1 can either read or store data (informative data or video data) on
the hard disk assenbly 8. It can read data destined to the vidéo output on
the hard disk assenbly 8 or send data, nore or |ess processed and com ng
fromthe video source, to the hard disk assenbly 8 t he vi deo
source 9. YWY he host device I gwants to store da%argr%gm%?'ggnhard di sk
assenbly 8, the storage application 3 sends command calls to the

mul tinmedia fil mar&metr%mb@dmentmhamera@e davera dyp@s off itdrlaces areer f ace 4 on

the host dewice k288 wd B LA BLIACERaBhy! B BAfAUR dMheas2. 15 The

st orage adB‘ T s streamfroma vi deo source 9.
The stor am’laqotslsoﬁwanedranspdrram mdSﬂTérdéN@ﬂS@r@F@EDﬁf@ier\@ﬁ\ﬁ%%the hard disk
assenbly 8. The interface 4 and the interface 5 are of the sane type in
order to 20 enable the communication between the host device 1 and the
st or ages devi ceThe link layenencapsdatgd dpaes raceived BpwsBatraBsRofdAYRInt . t hese

interfaces,gr ol Wiy fdpgesSer i al Advanced Technol ogy At t achnent
( SATA) sta tPa Sﬁ‘ﬂ% %E%p prot ocol  defi nes t hree ge.rs sical, link

“and transport Tb‘}'é‘ﬁls IBYESG"Pﬁé"aS?!(‘Fﬁ pirgtgsoPassH ﬁfggm sug@lsaﬁ'? ely high

i nt egrati GRe §aRspo Ihdt! ﬁﬂi Je)éewéﬁ ;ﬂmlﬁa&eﬂ%m mﬁyaca l&yer, witieh arensuner nar ket .
QO her interface types su |ns nce

h nced
Technol og;ﬁoﬂ’f’?rﬁ?ﬁﬁéﬁf’mﬂﬁﬂf‘ﬂg t‘&ﬂ\’?tﬁﬁ“ P’%rv E%F%kl Y%rhneg%seég%lgnt erface but
~provi des | @gRizhditor gicadontmt bfeintdst | es t han the 30 SATA interface. The SATA
‘interface is designed to be conpatible with the PATA interface. 8 May 2006

The transport layer constructs Frame Information Structures (F1S) for
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.

3 .""j..t; ' 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 APL. The API enables the procedure calls 7

petween the host device 1 and the storage device 2. |
The inventors have found that it would be particularly suitable to
éncapsuiate the AP in the transport layer.
30 . The APl is defined as a new FIS category. This FIS provides a

structure description that the AP! procedure calls.

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




WO 03/ 054730 PCT/ EPO2/ 13369 9 In another enbodi ment of the invention,
~several types of interfaces are inplenented on the storage &bley@806
preferably both PATA and SATA, as SATA is software transparent and SATA .
drivers are conpatible with PATA. 5 The |ink |ayer encapsul ates franes
received fromthe transport layer and transmts the encapsul ated franes.
The |ink Iayer also transmits primtives based on control signals from the
transport nd receives primtives fromthe phy Wer whi ch are
converted t% @HV%OI signals to the fransport |ayer. 'sﬁ?g%k?zﬁ‘ ?ayer needs
not be 10 cognizant of the content of franes. 15 The transport | ayer

- constructs Fr aerrIetyt (readio theSiFilohurarst @RI therAPIthidumserdsstoon and

deconposes rec e ransport layers differ

i n that thé rgglur Rpﬁéoﬁhmé@s%"g%ﬁ?ﬁ@{@ ??ﬂg\éwﬁ‘%he gi ven enbodi mant t he

host device 1 dhe nithigmertia filegeysttav Bde partictlegy hijahle &l the icagsendent , i.e can

be separ at&g@gﬁg %ﬂd&@aéﬁh iﬂonrﬂétLv@r@i%taOf t he enbodi nent, the storage devi ce
0S

2 and the evl ce can i nstance nounted on the sane printed

“circuit5board S}JG!Sta fley aysten | dedicaiedy Br eHOMREY: 0 Hith 88 TeCTHBYi nt er f ace 4

and the '%@&Lﬁ\cﬁd&) 848 dnBliSbinadife @E@%aﬁf&bé RO typBef sfofa@jé&frﬂr of renote
procedures calls fromthe host device to the sto evice 2. The

i nt er f ace 18 plaEng audio gpd/apyideorpiteants a%%ﬁ?%%”dttﬁge {38'@8&“8’{ Als 7 between
“the host obwr@enoh -ghadmidaga, mreagmemlfﬁm&nrsﬂﬁeragwemswmulnpme found t hat

It would artic éarl t abl et ul the transport
layer. ‘;mge #es OH %‘Pﬁé e Lﬁ"thééf)"ﬁf)gﬁ'%i'{%@’ Ql%ﬁpted Igiﬂée provi des a
.struct w e fdesimanpsiomgetdiras sblitantaR plpmtyewfwmtsoﬁlﬂhes secPhe typet &f ace 5 on the
“stor age de\f&r%&e%fn%% COIRLSES t he received FIS. 8 May 2006 WD 03/ 054730

In one embodiment of this file system, there is only one directory tree
for both types of storage units and both types of files.
The storage device 2 can store informative data (non-stream data) or
15 audiofvideo 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 audiofvideo 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 muitimedia 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




PCT/ EP02113369 10 Nanely, it extracts the APl command call fromthe APl FI' S
inorder to transmit the APl command call to the nultinedi a8 Mdy208¢st em 6.
The nultinmedia file system6 is particularly suitable for the commn
storage of video data and informative data. 5 Such a file system dedi cat ed
for storing, on the sanme recording nedium video data and informative data
features a first type of storage unit for storing audio and/or video

- streans an econd type of storage unit for storin - st r eam dat a,
wher ei n thg‘@f’iﬂg‘ﬂof the first storagg unit is a nmulti %ICE&F%E%G e size of

"the second storage unit. A unit of the first type is allocated either 10
- for streansmslbgiagitesn stose, big site blacks ate pplitirasnnallsizefblegikistas layfg ashe second
. type, for }elgggl%e(?)f non-stream data. In one enbodi ment of this file
system th«'é'? onl'y one directory tree for both types of storage units
and both types of files. The storage device 2 can store informative data

(non- stream dag) o3 g 18 Ak ¥ AROr i baleis SARIAF dln infprgve ef i ci ent

manner,. avoid ragment ati on di sk, without defining a
fixed af eathE@ﬁGQSﬁﬁlmerﬂ%ﬁWéta aathe i Bagmentalion indeseas8r- audi o/ vi deo dat a.
Advant ageously, a unit of the first type split into a plurality of units of

20 the second type can hbe, upo v ility of all e units of the
second type an %f%'@B'V-cﬁ‘tr{@asE@”?HEﬁt‘%ﬁ% g'fc"éfﬁt' a(Besb%t *9?33%8'219 2% nore split
into a pl ugad t;yﬁé/uﬁlf whétlﬁ&rttﬁlsmimtas free anedof, wpe whather fhisnuhii idtdividssli ng f uncti on
of the size aﬂ%@ (féft nsfernr thet25lesst|rrE|s used for seeking
the hard- o‘f‘?ka RIbralY OE3eCP'it WPe SIS RS "the bandwi dth. Thus, the
csmultinedia file system 6, by managi ng the hard disk assenbly 8 according
o the type of 1l il 8idtin & ldRubiE ARELA" o AMANEmAND ther efore

reduces the access reases the sustai rate. 30 The
st or age ‘dewpioly erahles fhentransfaraffireeade® Fallsacedvaemte ipsterise ftype of data

to be storgd @odidhe Qe Mistknedsf te pRESHRBLMNT GRNshéw MRsrowed.  Thi's

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 muliimedia 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

RN

is a means o 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 prdcedure calls 7 are also defined as the AP! and are embedded
in a Frame Information Structure of the SATA protocol.
Different procedures are defined among which, for instance:




may i nprove the fragnentation of the di sk when there are only big size
files to store. These ones are stored in a big block, whereadap?dfot here
are a lot of 8 May 2006 WO 03/054730 PCT/EP02/13369 11 small size files to
store, big size blocks are split in small size blocks as long as there is
a need. Using a file systemsuch as the nmultinedia file system 6 can
inprove 5 the access tine to the data, as the file fragnentation is

decr eased. aply, at least one first data struct g dphifls5at €s at | east
for each fﬁl‘?{)g’(ﬁt%e unit whether this unit is free or not, and whet her

this unit is divided into a plurality of second type storage units or not.
10 The rmul ti medilatthirfecregi created file, control | ed through the API, which

mai nly enabl es t @_g&ge ocedure calls 7 between the host device |
and the storage 'ngﬁge 2.n'g%éf?r]fea@fé’ the procedure calls.7 are shown | ater on
figure 2. 15 Thelnfitinfs-¢les: slope Pdlesyst em 6 accesses the hard disk drive
through a firmgaaniddligedd atike firmware nodul e 7 manages the |ow | evel
accesses to the hard di sk an o the cache nenory. The firmnvare nodul e 7,
“the mul & nedi a flirfeMSeitewEesfle-t he hard disk 20 assenbly 8 are very

cl ose and can interact. The hard di sk assenbly 8 contains standard hard

di sk drives, as |1 . as cache nenor ot shown .separ n figure 1).
Usi ng a cache rrs&%f’gﬂ‘"q goa e RIS, ‘%F%’H’t"% aPaeS 7{3%%%%% aﬁ?sk drive's
- lack of susisedaded wth tHeaa dwictiors; fiessizel, pddhess ontype obdata that dief filer ent fi |l es.

The .use of i fﬂ%nﬁ%& St yRMOr Y by the nultinedia file system®6 is described

| at.er on figure I'gure 2 represents an enbodi nent of the procedure calls
-exchangéd 30 between the nultinedia file system 6 and the host storage

‘application 3. the muiimedia 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 conirol 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 dafa

are stored on the hard disk according to the strategy defined by the
{4 multimedia fle 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 fo 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 prefeich process isa

. cognitive prefetch by oppositi_on.. fo known statistic prefetch processes
controlled by the firmware 7 of the storage means and not by the file system.




The procedure calls 7 are also defined as the APl and are enbedded in a
Frame Information Structure of the SATA protocol. Different pMayeiibes are
defi ned anong which, for instance: 8 May 2006 WO 03/ 054730 PCT/ EP02/ 13369.
12 Inttmfs-creat: create a file, Inttmfs-open: open a file,

I nttmmfs-close: close a file, Inttmmfs-read: read a file, Inttmfs-wite:
wite a file. According to the present enbodi nent, certain paraneters are
associ at ed se functions: file size, address or,ilyRe, dat a t hat
the file |‘>£6Pir})t£e7§(5ed to store. 10 The nultinedia fllePsyste/fran;G receives

t hese procedures calls and executes accordingly the ogeratlons on the hard
di sk assensbyn the praeent éwertioniand ¢ basrd B?‘@&B@F"e‘r&ﬁ%ﬂtl%‘ eFSBY e direct

control of \tng, fHd t%q§é’s°€§ Rle foMdaRosH tHeh@islE ARédeteqiisst tb@talPgtine can i nprove
the performances t he whol e 15 systemas the multinedia file system 6 has

~a better vl@@ﬁ'%oﬁﬂ‘l%dﬁ?ﬁameﬂikr on of the hard disk than the host device 1.
Figure 3 represents an overvi ew of t he hard di sk drive cache prefetch

process used by the file, sys ord| Se di ment .
The nul §i nedi a fli?qr@g@@@gﬁié%as &' ﬁ\gced ‘%3% ‘?}?‘8 The data
ar Ft st o(rjedo?rtlhé hearhafisk divek tlw:muftuhetdya tﬁte BYﬂemtﬁ% ame\gay thﬁf ﬂhaeféje?yt t he .
multinmedia file Vo s riyve i itione
dynani cal | {P%‘&% dt?yng1 gostt U'?‘L e Pl%(j&faoqt%c sl\’o()%le gnal‘?%as ment i oned
25 above. Sherefunerihe heltinegi ﬁtl@wswnﬁmlé@@émt@ tf@oﬁrﬁéh@lm%ﬂ‘eﬁ%e vi deo

- output 10, blo%%bgor@ ﬁérqp?éjgtﬂenf éAoeth é%%[@sé‘ﬂé’t‘é‘ﬁs [AGe ARl eSoRhe L Ne next data

it has to romt as It 1s aware of the data
-or gahl 20t i ovemoThCenyentional prefetch ;n opposition, loads into the cache memory

the sectors contents ahead of the sector requested by the host and thus
would also have loaded sector B inio the cache memory.

Such cache memory management, in most of the cases, can rcduce
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 muttiple 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
y management means 6 send a write cache command o the firmware 7 which
25  sends the order to the cache memory, so the data to be stored are sent first fo
the cache memory and when the burst size is reached {for tnstance 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.




menory is then | oaded with these data, as the data stored in the cache 30
menory are the next data to be sent to the host device 1. Ths&Muayal0fedi a
file system6 itself controls data prefetching and stores as far as it is
‘possible large blocks of data in the cache nenory. This cache prefetch
process is.a cognitive prefetch by opposition to known statistic prefetch
processes controlled by the firmmvare 7 of the storage neans and not by the
file systenw§0»@¥B%006 WO 03/ 054730 PCT/ EP02/ 13369 13 gspidduish@ Present

i nvention and are based on the nost jzecent accesses and not on the
requests made for data on the disk, these request containing the |ocation
of the data on tFoebaihsdad Hdmyite ALFeaSase Hip hpede akthe WAk HiskEVRGE devi ce |
requests a,.file. ] ! i ik ordik file system
6 knows thg{elécﬁg‘%%gﬁthregﬂﬁéﬁﬁgﬁestc?hgeé@ﬁi!thggbeeﬁﬂg% 1 is stored on sectors
A, C, D, Eregltge the acqesiiei®ore, the nultinedia file system6 will load into
‘the cache nenory these blocks one after the other and thus no usel ess .data
is |loaded into the cache 10 nenory. ent i onal ef etch, _in opposition,

| oads i fito the cHMECHBMSMPTY PRI é@&%&ﬂée%ﬁ?@ﬂ‘t’@éﬁﬁwm&ﬁ#‘ﬁe sect or
request ed Byt TS bystnsl6 1 {hel Rost\devibel d adsot henuire legizal meroeacsoch B i nto the
cache nenory., Such e nor y.__nmana n i ses, can
reduce 153é9¥%§@cﬁﬁﬁﬁgéwg%’P%yrﬁﬁﬂ%gﬁggﬁéPfﬁ@W%@§%¥§L¥%gﬁwggdata on the

“hard disk drive and may be of great interest in the case of video storage.
According to the present enbodinent, the cache is nmanaged as a ring y
buf fer, but other nenory nmanagenent nethods nay-al so be used. 20 During -
-multiple accesses, the cache nmenory is segnented according to the nunber
~of simultaneous accesses to the storage device. During a wite access to
the hard disk drive, the file system managenent nmeans 6 send a wite cache
command to the firmvare 7 which 25 sends the order to the cache nenory, so
the data to be stored are sent first to the cache nenory and when the
burst size is reached (for instance 128K




Bytes) or when a predetermned level of filling in is reached, they are
witten on the hard disk drive. The wite cache command is 8Mividféas a
new command to control the hard di sk assenbly cache nenory and it is thus
very 30 conveni ent and avoi ds having high capacity buffering neans at the
input of the storage mediumas it is usually the case. A small buffer (512
bytes) may be needed to adapt the bil6 rate between the incoming flow and
cache wite. 8 May 2006 WO 03105473@,RGT/ EP02/ 13369 14 For both read and
wite accesses, the heads of the harg Isk drive are pre-positioned on the
proper cylinder to prepare the next transfer in order to reduce the access
tinme. Theg cac gea I : t 0 ; : of the
Mul ti madiqé fi It?.)zorsystéeor%éé?cb@%ggﬁgg%opéleevrﬁg%&dgieggﬁéwgaﬁﬁg%gﬁ pgésnenory,
such as -dynaifiecsyRI®m fenaper mepns conpasipg del-saicigntfle; sysieonmeans tonal

ar chi t echgingind BharOfonl &l Tordd PR AG8dMdaRE, COMPri sing storage
means characterized™in that it conprises file system nanager neans '
conpri si ng selferéageimeansnienpbling & estetn aecens theostoragsdyeaiy bisepdigani zat i on
of the dalRoRiPsRAURR bl 18 1Y MISyIERRankNt er f ace means enabling a host to
access the storage neans by sending renote procedures calls to the file
system neans. 2. Storage device according to claim1l characterized in that
it conpripses g&%%e d@iﬁé@éd’co?&l’lgé £lclift WRRBralcRFiz8d ﬁmg?-t%sﬁaaﬁse%%ch@e host,

t he cache nenor el n | oaded” upon control of the |‘e syst em manager
means. 3MeHIYY & ed@@gf&@nafe@@ma@me@n%ﬁad theoheshatha caehe memarnbeinat t he
file sysigmba TpoREGTroTBANS filQsieh mghé‘?é?%‘ééﬁs.”e@ry prefetch during the
accesses in read node. 4. Storage device according to claim?2
characterized in that the file system manager neans is configured to send
a write gachegeRagRRgyits atcbsrdﬁ@%eclaﬁmd _ré’haﬁé&el‘(}}%ﬁ:ﬁ'} fh38kne fledsysterie stored

on the storage nmeans are first "stored in the cacrl _
manager means control the cache memory prefetch during the accesses in read

mode.,

4. Storage device according to claim 2 characterized in that the file system
manager means is configured to send a write cache command to the cache memory
in order that data to be stored on the storage means 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.

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 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 feature a first type of storage unit for




menory .during access in wite node and transferred fromthe cache nenory to
the storage medi um when the cache nmenory filling in has rea8May 2006
predetermned level. 5. Storage device according to any of clains 1 to 4.
characterized in that it conprises segnentation neans to partition the
cache nenory into several segnments according to the nunber of sinultaneous
accesses to the storage nmeans. 6. Stdgage device according to any of clains
l1tob characterlzed in that the file system nmanager neans feature a first

type of StBgFudieRNd/ryides siyggms@od 319@00%@ bPe Rfsteiagied Nitien Seringi Refo st r eans

and a sec@BEMIdARE WHersih MdGiSe Bhite firetrstéﬁagé'uﬂg |§‘Q'?ﬁultﬁiié BAR.Gdledor ther ei n the
size of the first storage unit is a nultiple of the size of the second

storage ®AFAND HARICHING ard fhat ttﬁ@'ﬁhecfmmpr@&m@eam@rfaﬁ@c@ng ecuntt ofghe unit of
the fir Sikst tt%'ﬂ% fﬂep Hﬁ' r;agﬁ'lus?értﬁgégk ﬁ:{ ﬁg@g%nﬂroftﬂ‘?e ﬁrg {yPe ‘?ntU% lur% |tyt0$ae first

type into a second t or st

non- st r eamitslaft the sécorﬂttwaa@mg@efmrealm@tao any of cl ai m; 1 to 6
characterized in that the interface nmeans transport the renote procedures
calls froma host storage application to the file system nanager neans .

8. Storage de@t&@g@%a&éﬂaegoramgatayaanofcdlé}h@ﬁ1 {o b&narddidiz8g it inaASAe | N t hat

the interface nmeans are serial typé Iinterface nmeans. 9. Storage device
- accor di nnterdacel gieang dranseet dhe Zemoien prongduresecalist efrdrace hashraiorage e

conpli a”%gé“ctaﬁoﬁ q@th%g‘flé Syﬁtéqﬁfdﬁgﬁ]&ﬁ*@%@m ogy Attachnent standard. 10.

St or age I cCe accor acterized in that the interface
nmeans transport the renote procedures calls froma host storage
application to the file system manager neans by encapsulating themin a
Frane | nfor maBtWadspyies geeording dp @ny 1of clajmst | Fﬁsélc‘élafaéfﬁﬁzﬁ%"n thatdherential |y

a digi taEntér?éc‘é‘fhéér%nare%ﬁéﬁgéﬂntei%ge Ikahbat it includes a storage device

according to any of clains

9. Storage device according to claim 8 characterized in that the interface means
are compliant with the Serial Advanced Technology Attachment standard.

10. Storage device according to claim 9 characterized in that the interface means
transport the remote procedures calls from a host storage application to the file
system manager means by encapsulating them in a Frame Information Structure
field.

11.  Multimedia terminal, preferentially a digital television, characterized in that it

includes a storage device according to any of claims 1 to 10.




