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t hrough the cache nenory (13, O 26), by ahost device (1,15, 21) being
associated wth file system managenent neans (6), characterized in that the
.cache nmenory (13, 26) is |oaded upon control of the file system nanagenent
means (6).Application to nmultinmedia termnals and especially to digital

tel evision receivers or set-top box.
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8 May 2006 WO 03/ 054706 Al Declaration under Rule 4.17: Fo, -Obgtter
codes and ot her abbreviations, refer,to the "Quid- - of i nve%l\/%l\lg\'?h! P (Rule
4.17(iv)) for US only ance Notes on! Codes andAbbr evi ati ons" appearing at -

t he begin Published: Wng of each regular issue of the PCT Gazette. - wth

:\Ar&}\lizz‘gj/tEil\rcl)'n‘?'lhes ?ﬁ&éﬂ?@%ﬁ@ém Céﬁg'gg Méﬁm@ as e Nﬁewngm and

its associated cache nenory, said storage nmedi um being intended to be
accessed in read node or in wite node, through the cache nenory, by a
host device H&engvarUYEicanesmsia leviceeinsludingnansiatagenmedivraaand West ~ of

st or age hi r "ﬂ&g I .0 order to. ephance the

drive pé‘fd’%'?'ﬁ%ﬁjc??shgo%e #f&g@n@ﬁf@%gﬁﬂg{ ﬁ%‘%‘rﬁq ym?ef{‘dsetdort%g_ €devices is

a grgat accéssddeingeadomiater ov in peitd onddy) dhfough Hestace nidtdoRatyi gul arly
Lned pit rate kept. This is particularly true when

g?g?agzﬂ§§€?%%%e qing %@8&%& Wgﬁ&'@ Aystomyagnagement mMeRABwn systens, the

cache nmenory included in all storage devices is 15 managed by the

. controller or firmvare associated with the storage nedium itself. Such a

firmware conMuastof staragadesicesrave\pracided seith andchbanemonaiyeordeedd um
tch is based on the | ast accesses done by the host

_ e cache. pref
323?§Z.ét‘§$ﬁ%e@§cﬁb‘%p?%f%{‘°ﬁ§sed on the | ast accesses done by the host

20 Hevi ce 1 efHgemananshitt ! Yadtie rERBRPT QordgBRaBAIEs lis3a dlags st or age

nmediumis not aware of the data organization on“the storage nedium
Nanel y, chafienggciie pmpiovec iperformanoes sofstsysteniss dode pastiowariyt avhen i cs on t he

. . 4 N h
e RS TS Pl R PR, 2o

fit wi tére used for storing video data. |

- In known systems, the cache memory included in all storage devices is
15 managed by the controller or firmware associated with the storage medium
itself. Such a firmware controls the cache memory accesses and the storage
medium accesses and cache prefetch is based on the last accesses done by

the host device.
Using cache prefetch based on the last accesses done by the host
20 device reduées considerably the chances of a cache hit as the storage
medium is not aware of the data organization on the storage medium.

Namely; the cache prefetch in known systems is done using statistics on the

last accesses done by the host. In order to get a good proportion of cache

hits, the designers are thus obliged to provide a lot of cache memory to fit with
25  the statistics. Increasing the size of cache memory to increase the cache-hit

probability is expensive and not suitable especially in embedded devices.

Moreover, during write access to a storage medium, and especially

when data to be stored are continuous bit streams, such as for instance

30 isochronous data, it is often necessary to provide a high capacity buffer
memory at the input of the storage medium to sustain high bit rate. Using such

a buffer memory increases considerably the cost of devices.
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25 the statistics. Increasing the size of cache nmenory to 'W$§E1 '
cache-hit probability is expensive and not suitable especia in enbedded
devi ces. Moreover, during wite access to a storage nmedi um and especi al l'y
when data to be stored are continuous bit streans, such as for instance 30
i sochronous data, it is often necessary to provide a high capacity buffer
menory at the input of the storage nedi um t o sustain, high bit rate. Using
such a buffer menory increases considerably the cost of devices.
PF010162_PCT as filed 8 May 2006 2 In accordance with one aspect of the
present inven qeﬁcorgﬁ%qeewwg Opf SFPadPt the pessand inveationyithgredsdteyided nedi um

and its asm@tmhcn@g:taestmrmdm @ma@am.é{eelda@hse}h@&omtmed to be
te node, through the cache penor by a

accessed |jn read or jn i |

host dev?toéa%ee %3& ch{iadttﬁ he %Gesaﬁetﬂéwe%wager%m Wiide, mode,

char act ettireggh ithe tdaahetrh@mégcftﬁy HEHBRE Yelige IbRm@esbseBaRACHIH fiRl syseimthe file
system nagement neans. The inventors have found particularly interesting

to inple 9%{“8%&%3"5;)?*@\*%@%%98&?%56 N ﬁ%ﬁh%ﬁmm*ﬁlﬂaea@ EPRHEYMH®! £ i r nwar e

nmanagi ngot e fitd YeREEmanRsimint heaheal i ze cache prefetching at a given
~address. In case of read node, if the requested file conprises video data,

the video data can be stored on several sectors. The file systemis aware

of this organiraatinemtes iﬁd@gmﬂaparﬂmw nﬁt@ﬂé%tmg?%‘ iMpRMeHE 4 hacrsldr ess of
t he next ésﬂictor where the re ileis located. Thus, the size

of the cB C'Freq?ma%%%ewa@?r'@g@e@om tth%th%@wgl%@eprs&Ha% ity of

cache hi hiediukhits résiRdeccaghefppeficting at KigiterPhd#eas] fni deReRsrabal Ghbday

opposi ti with th statistic, prefetch nmade by traditional prefetch
control | @@%gﬁ%ﬁ%tegtﬂ I SRYRPTISERV l‘?g?é’ﬁéf’ ”F\%t"dﬁ?/d?é‘e%\‘rﬁ hestetesh hsaYRIabased on

t he WDStséﬁﬁ@Wh%CméSﬁrswhd@@Waﬁﬁoﬁﬂﬁis 6ﬁgaalmzdt@ﬁadrlfﬁugnﬁéntéi@hean@rthwe di sk.
According to an, enbodi nent the invention, the file system panagenent

f
means asSYLPEVIP i RIYRES stf‘e de¥t sectebther theysemaingain el theyfls & ch duri ng
t he accepsgdi Thigate BRCof the cache memory may be decreased without reducing

the probability of cache hits.

This cache prefetch is a kind of cognitive prefetch by opposition with the
statistic prefetch made by traditional prefetch controlied by the storage medium and
not by the file system and based on the most recent access and not on the real

- location of data on the disk.

According to an embodiment of the invention, the file system
‘management means associated with the host device control cache memory
prefetch during the accesses in read mode. '

In known systems, the cache prefetch is managed by the firmware
associated with the storage medium and no external action is defined. This
embodiment enables a file system manager to act on the cache loading in order to
“modify the behaviour of the cache.

According to an embodiment of the invention, during read access, the file
system management means contains means to send prefetch commands to the
cache memory in order io download data requested by the host device from the
storage medium to the cache memory.




In known systens, the cache prefetch is managed by the fir Lo BBgOci at ed
with the storage nedi um and no exteryal action is defined. nlI,% 4 en%odi ment
enables a file system manager to act” on the cache loading in order to
nodi fy the behaviour of the cache. According to an enbodi nent of the

I nvention, dw--A&ki ; i : n cont ai ns
nmeans to sen:}:lk cg?‘gjf"(ifgcﬂa@g%ﬁgﬁ%@ %]@ (Stfhtég 'gg%ﬂ@%%ﬁn%p;e&? ﬂ;’%o%%gw Sdownl oad
dat a r egostdirdndanst tocindiwsite dew iaddrdéssem rg)mg]e sma@?ma;]mm the héx fﬂ.c he
menory. 3.8 2006, Accordi ng ,t o an enbodi nment of the invention, e

pr ef e%/cﬁ’a%m%%aée%@@ﬁﬁéﬁ‘n‘%%ﬂ%e F®MAYi cat e the addresses on the storage
medi um of the next data to be prefetched in the cache nenory. 5 According
to. an enbodi nent of the invention, the storage device conprises an

i nte?face coecoming Wbt ant émbsdimant afivthe cimtemtiomnthe gforaget detioent

st andar wth_the Parall el vanc echnol ogy ,Att achoen t andard. The
Seri al ga&ﬁ’ﬁ'ésg ﬁcﬁﬁ%f%é‘y Cﬂm@d@?ﬁew&ﬁs%&n%’@?(&mgedlggchpﬁﬁ’ﬂé{ce bri ngs
maj or  bamekthirent atarkkird Grawith he ! Ra@llePASVASR T@§I@|‘i‘<_§]b§if | Attacheigrir €d with

the Parall el Advanced Technol ogy Attachnent (PATA) inlerface. According to

an embo8tangidrd.of the invention, the storage device 15 conprises

encapsul ati o . or, u | e h c ngs ;| Fr ame
| nf ofmat i on Zp%c uraé ﬁdglﬁﬁégd‘zf h%ge:hﬂlglﬁb{)hé&@%w‘gﬁ%%&\%fgﬂ (%J%Jm ogy
At t Behminterfacd érihgs emajorebémefite, laaf beingt & dright level pratscelefdspediallp t he

context of SATA. |n . order to be conpliant with the SATA standard, the
i nvent oFSMRPE leE'hdth%al?a'ique' 2Bdvanded pkechaplagyulAftachmentt sBAEA) o

~encapsulptgaddre APl in the transport |ayer and therefore propose to use a
FI'S for sending the renote procedures calls. According to an enbodi nent of
the invention, during access in wite node, the file system nmanagenent
ngans contai chc?r ﬂasg c()) gr? néjmgomn%én? of the invention, the storage device
| 15 comprises encapsulation means for encapsulating the prefetch commands in
a Frame Information Structure field defined in the Serial Advanced
Technology Attachment interface.
The Frame Information Structures defined in the context of SATA. In
order to be compliant with the SATA standard, the inventors have found that it
20 ~ would be particularly suitable to encapsulate the API in the transport layer and

therefore propose to use a FIS for sending the remote procedures calis.

According to an embodiment of the invention, during access in write
mode, the file system management means contain means to send a write
- 25  cache command to the storage medium in order that data to be stored on the
storage medium are first stored on the cache memory and transferred from
the cache hern_ory to the storage medium when the cache memory filling in
has reached a predetermined level.

30 The invention concerns also a multimedia device, preferentially a digital

television decoder, characterized in that it includes a storage device according

to any of the embodiments of the invention.

PF010162_PCT as filed




25 cache command to the storage nediumin order that data tgsgﬁ %Qéed on
the storage nediumare first stored,on the cache nenory an FAAST err ed
from the cache nmenory to the storage nmedi um when the cache nmenory filling
in has reached a predetermned | evel. 30 The invention concerns also a

mul timedi a dg)és%ﬁe é’ESﬁﬁﬁ@t‘i‘h%@'cfif%h% et gilefe ﬁ!t?a‘éieﬁi&{'s%ﬁ@ﬁgse,rthe
characteri zed i that 1t 1ncludes a storage device according 'to any of the
enbodi minventars have fowrehthainit cBERILO&GRarRCTady ifferesting ® baye 280heDespite a

common use f thhTs ce%ghe $re{9ﬁ$c$ based on statistics, the inventors have
found t REFTEIGh UbHIerasl ape3S O HPYS nteresting to base cache prefetch on
the real access to be done. 5 Qther characteristics and advantages of the

invention will appear through the description of a non-limting enbodiment
- of the invenQther cheracterisiidsl apd ativantages eaf, the tihventenhelib agpaane encl osed

drawi ng ich. -~ figure 1.represents.a blo di agram of, .a system
represeﬁ?r?ggﬁgn%gg%%@@r@nﬁo%" etﬁw Pbadiment Of-cgf'lei '&Mﬁg'ét'@’r"ém? sents an
embodi muilt befllustrateth With ticdiath ohthehdiesed diawiayS hRBng-whitgure 3 represents
an enbodi ment of the data transfer fromthe storage mediumto the cache

menory, 15 - figure 4 represents an enbodi nent of the data transfer from

the cache nenory i i aur n a bl ock di agram
of a system represf n{{e ﬁgegge;%et“ﬁsg%{ bg%o%?%ﬁogﬁsﬁyﬁﬁﬁ%iﬁ%ﬁggwg ?nfigure 6
rept@esents an enbanibeditent of tie ineehionw i te by a host 20 device, - figure
7 represents an ernpodi nent of the data flow |inplenented during the wite

cache command. Thd'9hFe<dRPresapbtipembadimeatatihecachediretateh hkding conpl i ant
V)V' th file system,
| - figure 3 répresents an embodiment of the data transfer from the
storage medium to the cache memory,
15 - figure 4 represents an embodiment of the data transfer from the
cache memory to the host device,
- figure 5 represents a block diagram of a system representing
another embodiment of the invention,
- figure 6 represents an embodiment of the cache write by a host
20 device,
- figure 7 represents an embodiment of the data flow

implemented during the write cache command.

| The present embodiment is based on interface means compliant with

25 the Serial Advanced Technology Attachment (SATA) standard defined in the

document “serial ATA, revision 1.0, 29 Augdst 2001". SATA transpoits the

ATA protoéol. 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 invention is of course not limited to video

30 data type but also to audio or any informative data. Video data type is taken

, -as an embodiment as video.déta‘request high bandwidth and a sustained bit
rate '

. Figure 1 represents a system that impiementé the invention.

PF010162_PCT as filed




25 the Serial Advanced Technol ogy Attachnent (SATA) standardg%é,izlagg in the
docunent "serial ATA, revision 1.0, 29 August 2001". SATA transports the

ATA protocol. It is also related to the storage of video data on a '
recording mediumand in the present enbodinment, the storage nediumis a

e to vinSsYicettS ndRing b Gbrdae oot hih J6 TR IDRAICASATE L Gar oo
Vi deo datterfaged4] whichiiefinked tan storagdidmive 46 antdebufiat 7 aeseftedhi gh

bandw dt h, and a, sust ai ned hi rate Figure 1 represents a systemt hat
i npl ene¥it& 3 ﬁ@”ﬁfﬂ\llll%rnf#-gﬁ?e gﬁé’fOW?W@%'dfﬁlﬁ%@egwlfW&? boadamaligdst devi ce

ani ch i S 1T BRETRGE A RRet FRelRE: Sipetie (PEAE ey M dae SRR, 11

cont¥ ol The ugterTheisSikiked ot anidereoutpuit d9alThe video enitputetd byndepanal | el  ATA
interface, or, any ot.her i rface suitable for accessing a storage devi ce.
The buf fggenlaf qog%ppﬁ%ﬁa ?B'I\ES% YHYRN G MEgs th‘?"‘ﬁ@aﬂ‘/ﬁ?ﬁ%‘g%ﬂ'f BCe8S can be an

ext er nalideaniRgtypg) to a TV set or any other nean that can receive or
process video data type. The storage device 11 conprises at |least a hard
.disk 12 and a cache 10 nenory 13. The host CPU accesses to the hard disk

12 through t i e 14..The st, devi ¢e,. 15,1 S rocessor - based
devi ce nanel ?ﬂg%@é@g %gr\ﬁééqu ColpRIISE eatg%ﬁﬁ Egﬁr‘gr’iﬁs}@éﬁ@ %Fﬁ?gﬁe_

appl0 catriepnory61 heTing hast CRUNVateesteddicetie hakl digk 1 8irangie thé Sxdedl in a
menory assqciated with the processor. The host device, or nore precisely

the fi | it &t unni ng on the host processor is aware of the data
. Location on the hard disk 12. The file system nanagenment neans send
. commands through the ATA interface in order to control the cache nenory

13. 20 A cachbe st decibe diddisa pachesowbased devies aanmheableftordiiieas
| ndi cat gt%rggeelz g\;l)vb!ication 16. The storage application 16 being a software program,
15 forinstance, loaded in a memory associated with the processor.

The host device, or more precisely the file system running on the host
processor is aware of the data location on the hard disk 12. The file system
management means send commands through the ATA interface in order to

_ control the cache memory 13.
20 A cache prefetch- and a cache write commands are defined as
indicated below.

The command is implemented using a sub-comrhand of the ATA

£ command “Set Feature”, which code is EF (in hexadecimal).
| This sub-command code is 83H and is defined ccording to the following
25 table.

Register 7- 1 6 | 5 | a 1T 371 217171 o
Features 83h

Sector Count Cache Segment size

Sector Number Cache Segment number

Cylinder Low na | na | na | na | na | na | na [ WR

Cylinder High na

Device/Head | | | DEV | | | B
Command _ EFh

Sector Count register

Cache Segment Size: size of the cache segment here defined.

PF010162_PCT as filed



gy

The command is inplenented using a sub-conmand of the ATA ¢ %Set
Feature", which code is EF (in hexadecimal). This sub-command cdde s 83H
and is defined ccording to the following 25 table. Register7 6 5432 10
Feat ures83h Sect or Count Cache Segnent size Sector Number Cache Ss nunber
Cylinder Lowr na na na na na na na WR C Linder Hi ghna Devi ce/ HeadDEV
CommandEFh Sector Count register Cache Segnent Size: size of the cache

segnment her e Séetartumb&FRLL62_PCT as filed 8 May 2006 6 Sector Number
regi ster Cache Se nt nunber: order nunber of the cache segnent Cylinder

Low r egi st er CRCHEoq@EnyImRe: ofderurgherofiihe cachesagmeanent, set to for
a read cache segnent Device/Head register - bit (4) 10 DEV shall indicate
the sel ected device Figure 2 represents the cache prefetch according to an
enbolli nent ofCylinter iow eegisten - bit{8) cache prefetch is managed by the file

t 15 T Il temis usually |ocated close _to the host, devi ce,
f%Zteims to swélb%eﬁot%gatﬁ’é & ANRE; ﬁ?%% é@@"}%‘%sﬁ% dor & cgchRit can al so
be | ocagegmeht er

Device/Head register - bit (4)
10 DEYV shall indicate the selected device

Figure 2 represents the cache prefetch according to an embodiment of
the invention.
The cache prefetch is managed by the file system.

15 The file system is usually located close to the host device, that is to say
before the SATA interface as shown on figure 1 but can also be located after
the SATA interface as shown on figure 3.

The file system is in charge of managing the organization of files on the
hard disk and thus knows the location of data on the hard disk.

20 In one embodiment of the invention, the file system is a multimedia file
system particularly suitable for the common storage of video data and
informative data. _ |

Such a multimedia file system dedicated for storing on the same

recording medium video data and informative data features a first type of

- 25 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.

unit is a mﬁltiple of the size of the second storage unit. A unit of the first type

' is allocated either for stream storage or is split into a plurality of units of the

second type, for storage of non-stream data.

30 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 11 can store‘informati\ie data (non-stream data) or

_audiofvideo data (stream data) in an efficient manner, avoiding a

PF010162 PCT as filed




the SATA interface as shown on figure 3. The file systemis j ge of
managi ng the organi zation of files %n the hard disk and thus Hows t he
| ocation of data on the hard disk. 20 I n one enbodi nent of the invention,-
the file systemis a nultinedia file systemparticularly suitable for the

Cyat om HedrEafin of BT A CRE. TR ERhntEa AR arat B iftc b aar & ana”

i nf or matiateeanthb dixbdarea & audioNVileotdygre. of 25 storage unit for storing
audi o and/or ,video streans and a second ty of stora?e unit for storing

non- st r eam dAd¥antagepusly. aHikph thesfirst Fﬁépq ﬁPE‘tmER arrlya@lity,af tnits of rrul tiple
~of th
o1 1 ocat DI Soctind BPe2R Gt ARSIHNY of A ikde Hits SFnG selbnfitife . ¢

al | ocate INto a ura

of the apndaondrdiypin ttfeotypetqfrdm:mt@bersﬁmreslt nemm;mt uﬁadpluceﬂ&y efrbodi ment
of this file syste there is only one directory tree for both types of
storage upits PE § 'g%twetypes of files. The storage device 11 can store

| nformtive ¥hbDAnIWhISAATANISh O thediist of W dAa KliitPrasdepaskglata) 10 an

efficient manner, avoi ding May 2006 7 fragnmentation of ard disk
12, wi thmtlsa@edrfpngeakmgﬂbe tmréa;ilslodnvmt;ecm i Nigherthecbandwidthf isxed ar ea

for aud A ant sl a.unit e fijrst t it into a
for audglt HEom A HELABEPES it he Pl 18 Sbabotfly 3901 o
thepe uthe ﬁ(p@foﬂdEait@WﬁoFétpﬁmlﬁ e Gedf9'sdafth hAd thereforBdediicéiat a to be
stored, no nore split into a plurality of wunits of a second type. The

~ bandwi dthe #rgess timmbuisdacreasesthessustaiped dityatey burst transfer, less tine
~+.s used for seeking the hard disk drive sectors, higher the bandwi dth is.
" Thus, the multinedia file system by managi ng the hard disk 12 according to

10 t he type Dhhe dardh disk ban ther &e ini addosddrive adthttbestypeafatatand deéer ef ore
r educes ac ess time thus increases the sustained bit rate. The hard

di sk caﬁtOf Ith qeceratione cap the tortinpiged. of higataay onuove  the
15 fragmentatlon of the hard disk 12 when there are only blg size files to store.

These ones are stored in a big block, whereas when there are a lot of small
size files to store, big size blocks are split in small size blocks as long as there
is a need.
Using a file system such as the muliimedia file system can improve
20 greatly the access time to the data, as the file fragmentation can be

considerably decreased.

Preferably, at least one first data structure indicates at least for each
first type unit whether this unit is free or not, and whether this unit is divided in

25 a plurality of second type storage units or not.

Whén the host wants fo read data from the hard disk 12, it sends a
prefetch command to the hard disk 12. The prefetch command is defined as a
new command supported by the ATA protocol. . _
30 The prefetch command gives instructions to the storage device 11 to
load into the cache memory 13 the data which are the next to be read by the -
storage application 16. Namely, When the storage application stores video
data, these video data request several disk sectors to be stored as it usually

_ represents'a huge amount of data. As shown on figure 2, these data are
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stored and its occupation can be optim sed. This may inproveghmﬁd%%ﬁ
fragnentation of the hard disk 12 whgn there are only big size FiTes to
store. These ones are stored in a big block, whereas when there are a | ot
of small size files to store, big size blocks are split in small size

bl ocks | ed. | fiak: ] ; he
mul ti mﬁ%ﬁ@?&@i@%@mﬁgﬁé Fﬁg%’vg’ déjggg%?' gglt:1 W'ﬁhgg@%&éafpﬁé@} t he dat a,
as the fllobk dheapmpmefetéhin based bm statisticde thablcacHe aneareyd. whlildf leadbl y, at

I t ' t tructyre indicates at |east for each first type unit
whet her SERIOGS dhv B 16 Br Eosp e Wéhﬁa AttcbRida: fi 00 €ache BityThed 1 25 a
plural i temtsﬁdiﬁ]@ﬁpafitﬁewa@erﬂtdm%dég'é $06% mbss tﬁé‘é%é]ﬁbﬁgf&hs to read

data fromthe hard disk 12, it sends a prefetch comman ard disk
12. The cprunand hsioiehding cashelotéemery 43 ta load frooo tineuhard digkothiecoiexty t he ATA

pr ot ocold%%% %&ge%)ig&%é@%ycomnd gives instructions to the storage device
I | :

11 to menory 13 the data which are the next to be read

by the stor jgsreopsr, ithatist ol @ nafimbitia Méeﬁ?/étaﬁ\ akOofadFibeaPAbGR, i On st ores
video data, these video data request several disk sectors to be stored as

i t usualnofeasenths efficiensyreigbheapaihe poifetelt as itaeptimizgs e hargudisk2, t hese
data ar g ,BF010162_PCT as filed 8 8 May 2006 respectively stored on sectors
A C, D and F. Wth conventional prefetch (look ahead prefetch), based

- on $0atisticFigurbe3 crphesentetdry enbddimenacf #rcidats thansfer FonDithE and thus
woul d no% grovi de a 100% cache hit. The enbodi nent of the invention :
provi deStag@MeddRHa the Caghe MegeNehe prefetch 5 command instruct the

GfTectivery, TprEB b e kel MBS itiStecd % ARGt HAOA AT e
above, datcopdbeharthalisk frieditmncOnaostep e, dhersmcorefahbér pistersophidm zes t he
hard di ﬁ1ke sector count register are set by the host. The sector count value has the
15 same vamue as the target cache segment size. On step F3, the cache
prefetch or load cache command is issued by the host to ask to the device to
transfer the data from the storage medium to the cache memory. On step F4,

the data are transferred from the hard disk medium to the cache memory.

20 Figure 4 represents an embodiment of the data transfer from the cache
memory to the host device.

On step G1, the sector number is initialised. The value is the same as
the first sector number of the source cache segment. This condition insures
the cache hit as expected by the cognitive data prefetch. On step G2, the

25 sector number registers and the sector count register are set by the The
sector count value has the same value as the source cache segment size.

On étep G3, the standard ATA command Read UDMA is issued by the
host. The accesses are instantaneous as the data are already present in the
cache merhory. On step G4, the ATA command is performed and the data are

30 transferred from the storage device to the host device through the ATA
interface.

Figure 5 represents another system where an embodiment of the

invention can be implemented.
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10 Figure 3 represents an enbodi nent of the data transfer fr@g&&@@o st orage
mediumto the cache nenory. On step F1, the sector nunber is inrtialised,
it gives the location of the data on the hard disk nmedium On step F2, the
sector nunber registers and the sector count register are set by the host.
The sector count value has the 15 same vanue as the target cache segnent
size. On step F3, the cache prefetch or |oad cache command is issued by

the host to &Egure® répresentisce hbst devieasit and tdhstoflijeadéviea2t Becditiibigage nmedi um
to the cache nory. the data are transferred fromthe hard

ry. On step F4, : ed
di sk nedf @ e H@%%Weﬁ\?emﬁﬁ'o'i@ﬂdi- gives afyncipaaledescripionrdfoltienent of
t he dat f.ar fg@ . ho L8 tep Gl,
t he sec;ﬁ (())rgf ﬁgﬁl%grar{cgé‘ﬂﬁe{" |§tg | eg?ViFE'renr \bélide%titdsé%’tc%eéinaﬁgyéasg s[tc%?e%g?i r st
sectbr applieationf 3,tareinderfaced cavideossgimen 8.antha sideorditputolD.i nsures t he
cache hit as expected by the cognitive data prefetch. On step &, the 25
sector nunber registers and the sector count register are set by the The

sector_count Tral YRrigs ddVics PRombisdant e aERfinesaehE size. O
step G3, the standgé%éATA commr?\éﬁdﬁead UBI\/A ?s%gsﬁeﬁ by Ithe host. The

“accesse$ystes bnatfimwareoprogsamt ha@ndaa hand disk asssayblpré sk hard disk  cache
nmenory. h TA_ CO nd is perfornmed.and th at a e 30
transf ef %%‘%B@%%ﬁ'gﬁgg te{sggtdg{;ﬁég)r?%e {‘ﬂ%‘;'%‘sﬁf"e iac'téa'%ha'ékdﬁ%ﬁe ATA
inte(nfagwenlfémb@ﬁn@m,e@ﬁ@m&m@hﬁmsystem where an enbodi nent of the
~invention can be inplenented. PF010162 PCT as filed 8 May 2006 9 Figure 5

represents a host device 1 and a storage device 2 according to an
oot oFo} REFEL b BBt s Rutd L Bhy SR55PARL 38 85, e b
appl i caproided] with ansterdge elediceaindlutiing so dile systemndvisery itlile dnfewtapet 10, The
St orageeggt\)/liegeaz h%gtrrp[gi %gcs:e&;n ’tihgt ‘é{JrSSS r?fea%sng{f“sgﬁé%g I‘einlngte call
15 procedures to the file system means. So, the storage device is delivered as an
autonomous entity controlled through a simple interface by passing procedure
cails and thus does not request extra work for the designer. This enables the
designers to get the best of a hard disk drive without any expertise in the
domain.

20 Preferentially, the interface includes an Application Programming
Interface, which can make easier the control of the storage device.

. The storage device 2 is provided as a stand-alone and highly
integrated storage device where ali the software that manages the files and
the hard disk assembly controller is embedded.

25 The hard disk medium 8 is intended to store video data from the video
source 9 or any other data provided to the storage application 3 calied non
video data ‘or informative data. The video so.urce 9 can be of any type such as
a broadcast program for instance and can be a stream coded according to
MPEG-2 or MPEG-4 standard. The hard disk is also intended to be read by

30 the storage application in order to provide data to the video output 10. The
video output 10 can be an extemnal connection to a TV set or any other mean
~that can receive or process video data type.
~ The host device 1 can either read or store data {informative data or

video data) on the hard disk drive 8. It can read data on the hard disk drive 8
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system 6, a firmvare program 7 and a hard di sk assenbly 8. R1?§?66dlsk
assenbly 8 includes at |east the stqgrage nedium being a hard di Inth
10 given enbodi nent, and the cache nory. For designers of enbedded
systens, it is very convenient to be provided with a storage device

S or age Siviaoq Py IS YO ARul 16 ok RRRY G2E5 to RPN S BARE pIROREGE: o

means. $Bom theevideosageed@vi ce is delivered as an aut ononpus entl ty
controlled through a sinple interface by passing procedure calls and thus
does not request extra work for the designer. This enables the designers

to get the bWﬁerPihé‘hBé{rHeﬁb?‘ﬂ Wk cWé:chi'é?lHat %tﬁépﬁérh' g'dﬁvé*se domai n.

20 Preferentially, the interface |nc es an |1 cation ogr amti ng
| nt eF f alt sianasapplicatioks3 sendecalt cmmamdlsdb té mtﬂtﬂnedlarﬁigsystem 8e. The

st orage | o | i nt at ed

storage® ﬂEKY,%E SSO(%Q gg\g? ?hvéagﬁ? %t mi'a%&&st c%‘é/c}fé’l Ted ‘ga t he hard
di sk asﬁ-ﬂgmme 5w&m@b{cﬁégeaeei&‘@egjded 25 The hard di sk nedium 8 is intended
to store video data fromthe video source 9 or any other data provided to

the storage application 3 called non video data or informative data. The

vi deo sour ceTRaC a gram,for instance

and can be a 5 r%gﬂﬁe %ggﬂg%té%ry é%i\'/]es ﬁ)ﬂiﬁéa&ga&ﬁ%&‘}ﬁé@ 3%3?%. The hard

di sl0 i ssadiee 9.nThedestage d;mhcamh hﬁs?z@ sttre theoidgs steali 6Atth@marg order to

. provide dg(g& to the video output 10. The video output 10 can be an
ext er nafiSKshiy€& i on to a TV set or any other mean that can receive or

~ process video data type. The host device 1 can either read or store data
(informative data or video data) on the hard disk drive 8. It can read

data on the Thbhedniifskedt ianel thePRbaaG? SPIE ofstHe bamiel§p8 ibyrd2P@6 request ed

by the ui dgg UL ON 10 OioR S aah nb hedl Sehte Tl e Sldnes Sespg g from
' 15 As mentioned above, in the present embodiment, these interfaces are
compliant with the Serial Advanced Technology Attachment (SATA) standard.
The SATA interface defines three layers: physical, link and transport

layers.

20 The physical fayer is a serial type interface. The SATA interface can
provide a high integration and 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 SATA interface. SATA interface is designed to be

25 transparent with the PATA interface. '

In a\nother embodiment of the invention, several types of interface
could be implemented on the storage device and especially both PATA and
SATA, as SATA is software transparent to PATA.

30
The link layer encapsulates and transmits frames.
The link layer transmits and receives frames, transmits primitives

based on control signals from the transport layer, and receives primitives from
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30 . Wen the host device 1 wants to store data on the hard g 1\%%, P kve 8,
5the storage application 3 sends cgll1 commands to the nultine Il
system 6 of the storage device 2 via'the interface 4 on the host devi ce 1
and the interface 5 of the storage device 2. The storage application 3

ot catromaitef S MR, 2l Lol BRt FanBot BERalt o B IR & mhe

i nt er f atzyet. ﬁm@lhmhmyemheeﬂamt Be@bgntzbntbﬁtmtémnﬂﬁam@.der to enable
t he conmuni cati on between the host device and the storage device. 15 As

menti oned above in the present enbodi nent, these interfaces are conpl i ant

with the Serirf %ﬂﬂa Ie}taﬁqﬂ(? The SATA
i nterface de |nes three %y-é???)@g{reaﬁysi ca *?Hﬁmr? ﬁ“r@n@%g ayers 20
The phytaoamidsiyer and desmmpases ymeeivaderﬁlﬁcel—los]thanﬂAEtbragéedéwce can
provide,a high inteqgratio nd hi gh-s d.inter or the consuner

mar ket . TARER I?W%%ff%{én ﬂ}%é@e §98Wea‘§f%ﬁ‘8r#|§ iﬁ\’&é" &% Paral l el Advanced
Technol ogy Attachment (PATA) can al so provi de a hi gh-speed interface but

provides less integration facilities than the SATA interface. SATA
i nterface islithg given ewbbdimars, theahopldeyice vii ahd the sRAZge idevisef 2ce. | n

“anot her .nvention, several types of interface could be
i mpl eneﬁférgﬁgéiggwmg?eéﬁ(g%‘tdew ce and especially both PATA and SATA, as
SATpis software transparent to PATA. The link [ayer encapsul ates and

- transmts frames. The link layer transmts and receives frames, transmts
primtives Hsserdinghtaavariant ef tbﬁaﬁfﬁbqiq“mﬂfﬁ,ﬁéeta’f@rﬁgpcﬂ@quﬂﬂ@@ﬂd thed receives

Vi o 85 Q0ER L Pt e iofrich, S e Bg el BRRE B Moty O i

| ayer nphyscalbt sdparateghbhyzarebnoéctohe content of frames.

15 The interface 4 and the interface 5 are interface means enabling the
transfer of remote call procedures from the host device 1 to the storage device
2.

| The interface 4 includes an API standing for Application Programming
20 Interface. The APl enables the procedure calls between the host device 1 and
the storage device 2. |

In order to be compliant with the SATA standard, the inventors have

; found that it would be particularly suitable to encapsulate the API in the
| transport layer.

25 The APl is defined as a new FIS category. This FIS provides a

- structure description that the APl procedure callls.

The interface 5 on the storage device 1 decomposes the received FIS.
Namely, it extracts the API from the API FIS in order to transmit the API
30 to the multimedia file system 6. |

, The multimedia file system 6 is controlied through- the API, which
mainly enables the transfer of procedure calls between the host device 1 and
~_the storage device 2. |
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The transport | ayer constructs Frame Information Structuresd§ ﬁai)zof}gr 5
transm ssi on and deconposes recei veq FI'S. Host and storage de e
transport layers differ in that the dource of the FIS content differs. In
t he gi ven enbodi ment, the host device 1 and the storage device 2 are

hysically i . ccar di to a vari,ant, pf the odi nent, the
gtgrage dgvi i‘gggﬁgﬁﬁg&qﬁ%%ﬁ’%%%%&ﬁ %%C%Sgﬁﬁﬁ%@¥6ﬁ§mgp¥ﬁgg?%mﬁe same
pri nt edfichwart indeedy @. Thetfirniwarel mablile ? MRaARjeR%hBYIow 1B08NS&dcREes 15 The
interface 4 and the interface 5 are interface neans enabling the transfer

of renot®theardgige®dures fromthe host device 1 to the storage device 2.

The interfac J Lng. f | j ' Proar ing 20
I nterface. Tﬁre]éﬂlg{'l' w@ﬁ%@ﬁ%@??ﬁ%@%@‘@%?@'%@ﬁ@gﬁe&# &e%&ﬂﬁeﬁ%®s$gg‘evi ce 1l
and 5 t hdries Braageedeviose aRd dam iatedact.t o be conpliant with the SATA standard,

the inventorg, have, fqund that it would be particularly suitable to
encapsul at e ?.H%Ehﬂﬁl'] c{'ﬁ( aﬂ\ée coIHainsy s dpdard hardilisladrives, aiepchRd as a new

FI'S cat gigph T I H%; taur ol t he AP
pr ocedur e c%rpli g%ir%]g Ci%r?ﬁg?pgce q%?%ﬁ%“s@o&égﬁé@élﬁgqﬁeﬁ%n%gges t he
r ecei vedrive 8 lack\ainstisfgined bartiwith snainky d\Ring maliipldiacd®ds. FIS in order to

transmt the API 30 to the nultinedia file system6. The multinedia file-
system 6 is controlled through the API, which nainly enables the transfer

of g ocedure ERlks GORIPIMESENS h RASOHRGHE Of Jthé“?ﬁveﬂt@ ﬁ%&@éﬁﬁs% ice 2. 8

May 2006 12 The nultinedia file system 6 accesses t r I'sk drive
t hr oughwate ¢achaggemaddul e 7. The firmmare nodul e 7 manages the | ow | evel

| __‘--?ccesses to Ar?ﬁgi&"ilw Bie0 is connected to a buffer 22 via a link 28. Buffer

22 is connected to a storage device 24 via a SATA interface 23. The storage
device 24 comprises a hard disk 26 and a cache memory 25. Link 27 is a data

15 - bus connecting the host device 21 and the buffer memory 22.
in this embodiment, the transfer mode is SATA UDMA (standing for
“ultra direct mode access”) mode 5 at 100MB/s and thus can sustain AV

application.

- 20 ' The digital TV source provides video data comprising packets
including each 188 Bytes, at a bit rate of 0.25MB/s (Mega bytes per second)
to 4 MB/s.

\ | The Host device controls the SATA interface by sending commands
as described for instance on figure 1.

25
Whgn video data come from the digital TV source 20 at a high bit rate,
video data are transferred to the SATA interface through buffer 22.
A small buffer 22 (512 bytes) may be needed to adjust the bit rate
between the incoming flow and cache write.
30 Thanks to a write cache command, the host device can enable the

direct transfer of video data from the digital TV source 20 to the hard disk 26.
‘ ' The host sets the sector number, the sector count in order to be
compliant with the SATA procedure.
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The firmvare nmodule 7, the multinedia file system6 and the‘?@kg29}§k 5
drive 8 are very close and can interact. The hard disk drive ontai ns, as
standard hard disk drives, a cache ldenory. Using a cache nenory is a mean
to counterbal ance the hard disk drive 8 lack of sustained bandw dth mainly

duri I ti - . 10 Fi 6 t mbodi t of th
mventi on i |1 466 PRSI HEaH® heGachecREROnE SRR ALVIGIGP 2 & PR Blr co 20 | <
connect geinkaha viitbiceichécofhiafd! WHenZ5e \E}i&fc%ﬁ re gAitle, QQQRB?&%& 0 a

storage device 24 via a SATA interface 23. e storage device 24 conprises
a hard dfswrigénanithe barchdiskeatdhg 1@Gatidn ptevibishis set bathe hdst dedceonnect i ng

the h deyi ce 2 d the buff 2. Ip thi odi ment .. th
{r anst o s sl Korpie FaEIR meToporo © e PaldiiRkdl Bauldetieser) node
5 ats 109N3/tﬁgdge?é§_btyhblé g 18VSllGTitRe BYch@Rdm&@tan. 20 The digital TV

source provides video data conprising packets” including each 188 Bytes, at
a bit rate of 0.25MB /s (Mega bytes per second) to 4 MB/s. The Host device

o't gure 1 B0 I, vENeRERe Ao ERRBER PRIE gPT 1097 ghbB ke, 0T 2"
hi gh bi uriag the wiitaleactia¢amaramd! ransferred to the SATA interface through

buffer 22. A small buffer 22 (512 bytes) may be needed to adjust the bit
rate bet weenln $i€PiEbdhe fgciargwnaber wheresthgrdata argdo tieasireed Bndhéyr it e cache

oS hgkf kR A 58 RISy ingdSRt A=l er of v, deo ol from
nunber, the sEb¢mrorstapt ER2nther cemntandhe senid ip thaafitmwatehtd imelicaéd o pr ocedur e.
;__'EFOlOth%TePngv%gré i’d'llee dse%to'\t{a ur121 ng W ?ére fo store the data. A counter called
| sector count is also set. This avoids indicating the sector number at each
transfer. The sector number for the following blocks of data will be the number
15  of the first sector to which is added the value of the sector count.
The data are then transferred to the buffer (for instance buffer 22 on
figure 4) until the buffer is full. When the buffer is full, the file system sends to
the firmware a write cache command, step E4. The write cache command
indicates the data transfer to the cache memory. When the cache segment is
20 full or when it has reached a predetermined level, the data are transferred to
the storage medium on step E7. For instance, when 256 blocks are written,
128KB of data are written on the storage medium at the location previously
set by the file system. This operation can be automatic, triggered by the filling
| level of the cache memory. ‘
25 | If the amount of data loaded in the cache is greate'r_ than the size of a
~ sector, the sector number is also incremented, step ES6.
The write cache command allows the host to write data into the cache
memory without writing the data on the storage medium itself.
Thanks to the high speed of the ATA protocol, the data transfers

30 between the host and the hard disk drive may be very short.
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The host wites to the cache nenory one 512Bytes bl ock at e%fﬁdg?ogg usi ng
the wite cache command. Wien 256 bl ocks are witten, 128KB "0 ata are
witten on the hard disk at the | ocation previously set by the host device
21. This transfer, fromthe cache nenory 25 to the hard disk 26 is
automatic and triggered by the filling level of the cache nenory 25.
Figure 7 represents an enbodi ment of the data flow i npl emented during the
wite cache command. In step El, thgagRctor nunber where the data are to be
stored on the 10 hard disk is initialised by the file system nmanagenent
means. Then, on step E2, the command is sent to the firmvare to indicate to

the firmare yhe seetfe MHahBg"Brabe Mbaif ¢ BRY IR Bssobidtontathe cal | ed

sector count is also set. This avoids indicating the sector nunber at each
t r ansf er MEPRIYsERIE GforagmBEediyng rbaing intendegvip g acsesed ipfreadMPdgiariinpe t he

nunber ﬂv’?’it@ﬁnoﬁ@?tﬁrbtﬁ%{ theQ@cAE Mdmdl B al FoA @dGRet BeinY & sdBcigled Wfn sect or
count. The data are then transferred to the buffer (for instance buffer 22

on fi gufile shtamymanageenl peans. claragterized jndhat the cache @emogy figloaded ne file

syst em s@pélscéritrol bihe filel SPRAEmANNMdnict ARGRE . command, step E4. The wite
cache command indicates the data transfer to the cache nenory. \Wen the

cache segnent is 20 full or when it has reached a predeterm ned | evel, the

data are trangferraskvice abdbdifg b a®BmMediHARCALz8HaR thdt tHeOfilel figldpce, when
256 bl ocks are witten, 128KB of data are witten on the storage medi um at

t he | ocafMBAIPPENV BIgENy assecigipdt wigh fthe dosl deyise TIANFOLEBSNE MSAEEN be

aut onat i grefdtth BGRIEHe B¥cdsBBs fnirkhd RBdel evel of the cache menory. 25 If the
anount of data |loaded in the cache is greater than the size of a sector,

the sector nunber is also increnented, step E6. The wite cache comuand

all ows the hogt 10 M&Viée adadringNid claif £ ahaPacteERN ¥ WakNaUfingWrédd Ng_t he
data on the storage nediumitself. Thanks to the high speed of the ATA

pr ot ocol 34458 Hift Hier ST IPINaGRNPETNRRTS 13001 M tohenepiafeielsk drive
nmay be vegsnimahas to tHeFEHERE Greri&e) Rsorbiéd @iy d88%equested by the host

device from the storage medium to the cache memory .

4, Device according to any of claims 2 or 3 characterized in that the
prefetch commands contain means to indicate the addresses on the storage
medium of the next data to be prefetched in the cache memory .

5. Device according to any of claims 1 to 4 characterized in that it
comprises an interface  compliant with the Serial Advanced Technology
Attachment standard or with the Parallel Advanced Technology Attachment
standard.

6. Device according to any of claims 1 to 5 characterized in that it
comprises‘ encapsulation means for encapsulating the prefetch commands in a
Frame Information Structure field defined in the Serial Advanced Technology
Attachment interface.




14 dainms 1. Device including a storage nmediumand its aSSQ§kﬁggﬁogache
menory, said storage nedium being intended to be accessed in re node or
in wite node, through the cache nenory, by a host device being associated
with file system managenent neans, characterized in that the cache nenory
is | oaded wupon control of the file sgsten1nanagenent means. 2. Device
according to claim1 characterized iASthat the file system managenent
nmeans associated with the host device control cache nmenory prefetch during
the accesses in read node. 3. Device according to claim2 characterized in
that, during rfead Dg¥iegsaccording f¢ |cdaigy 4t ehavamierizge nienthabeduringca¢nead ns neans
to send pf efrié Clhodéiofﬁéraﬂlgs_sﬁs‘?eﬁ]hﬁaaﬁ@%ﬁfﬁer{fel’ﬁgéﬂs | oREE md sdﬂﬁ"'%leﬂ@d dat a
requested by the host device fromthe storage neglun1to t he cache nenory.
4. Devic@ Xttdreadhg cemapdofo clhgi piorager medidhiar aibt eFderethdtndetgattot he

pr ef et chpgopRAdsn e bRrdgd Riddurh O akd AF4 &lt&rebih ﬁ%dﬁﬁéh%eﬁe%r? hgnﬁor age
medi um of the next data to be prefetched in the cache nenory.”5. vi ce
accor di nfapsfesied Bemcihg gache mgmerghie doe starage madiumawhen the mieghe ses an

i nt er f ac temIIP! Al in\Wak Reddhed §?’réc?éterﬁﬁ¥e%ﬂ€\?éﬂ Technol ogy ~Attachment
standard or wth the Parallel Advanced Technol ogy Attachnent standard. 6.
Devi ce according to any of clains 1 to 5 characterized in that it

conprises encgpsul flifRedi®agsvit preverntialRtd Ndightle REGERLC iecogarmnds in a
Frame Information Structure ffeld defineh ?n tﬁg Ser1 al Advagced Technol ogy

At t achmeRfarasiedzedip dhatd inglydesgpdevies accanding dearceisiaimed tod-cl aim 1
characterized in that, during access in wite node, the file system
managenent neans contain nmeans to send a wite cache command to the
storage nediumin order that data to be stored on the storage nedium are
first stored on the cache nenory and




transferred fromthe cache nmenory to the storage nmedi um V\/nengghﬁmghe
menory filling in has reached a predeterm ned level. 8. Miltinedia device,
preferentially a digital television ‘decoder, characterized in that it

i ncl udes a device according to any of clains 1 to 7. 8 May 2006 16 Storage

devi ce cache nenory S ct 5 The invention.concerns a device
(2, 11) including a %?ggﬁg%a%ﬁé‘e memonpinanagement s oci at ed cache
menory (13, 26), said storage nedium (8, 12, 25) being intended to be
accessed in read node or in wite node, through the cache nenory (13, 26),
by a host device (1, 15, 21) being aAB¥EAHted with file system managenent
means (6), characterized in that the cache nenory 10 (13, 26) is | oaded
upon control of the file system managenent neans (6). Application to

mul t 5nedi a t dihel inedstiamdoresras baddvcd (2, di1yinolding hestbsigemedigae{g/er s or

set-top 1%?)&5) and its associated cache memory (13, 26), said storage medium (8,
12, 25) being intended to be accessed in read mode or in write mode, through
the cache memory (13, 26), by a host device (1, 15, 21) being associated with

~ file system management means (6), characterized in that the cache memory
10 (13, 26) is loaded upon control of the file system management means (6).

Application to multimedia terminals and especially to digital television
receivers or set-top box. |

15 Fig 2
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