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8 May 2006 1 STORACGE DEVI CE CACHE MEMORY NANAGEIVENT The mvegMn&rboﬁgncerns
a device including a storage nedi um find Its associated cache nory, said
storage nedi um being intended to be *accessed in read node or in wite
node, through the cache nenory, by a host device being associated with

file systemmanag V|ded with a
cache nenory in or @Wéﬁﬁmcﬁ%ﬁﬁﬁemwm&o The managenent
of cache: rrermry in storage devices is a great chal I enge to inprove

per f or mances systens, and particul arl E{Jd sustained bit rate nust be
kept. This i J?‘Sa'PVP'&m'hPPQCQTMea Wewieesinsluging aeﬁpm mediurasadl fter storing

fevi ges rsooigfect Ao SERGRY. <aif, FBRLE: BRI Mg BBl ta PRt ne
st or &ge aneessad in tm fnodSuohlrawﬁ'lté medes thasighothie b@@élwéiﬁorge By’ § accesses
nd cache prefetch is based on the |ast

and the stg \ge I’T’Bdl um ac ‘?fi E
accessedOgbievigs beingassgeia ita dile sistam MapAgeHest @e@Asbased on the | ast
accesses done by the host 20 deV|ce reduces considerably the chances of a

. cache hit as the storage nediumis not aware of the data organization on

t he storage Mﬂﬁt winstoragersleyicesare qaotided vifrea dacha riamory sysidersoi s done

. using S%ﬁéﬁ% ﬁ]so n the. |ast accesses done by the host. In order to get a

good pr ""c?a%%"m?ﬁ"c? the designers are thus obliged to provide a
| ot1@f cacheTHeMREMabmieht ofi Ehched rﬁé}ﬁoﬁat%'s%ﬂa@% dle(?i%é@%?s'é‘g?rte%? si ze of

cache nmenory to increase the cache-hit “probability is expensTve and not
sui t abl € @'@'&Q@l do| imprevenipederraness cofs sydemvand gartioulany iwleermccess to a

st dat a t t t bi t
31 oL 20 BB el SRS R AR B SR SRRSO

provi deare bsgghfor apming vidboibes. menory at the input of the st orage nmedi um
to sustain hjgh bit rate. Using such a buffer nenory increases
consi der abl y'"t knpowy systgmsg g @@@he 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 reduces 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 i§ 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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PF010162_PCT as filed 8 May 2006 2 In accordance with one asE? g, het he
present invention, there is provided a device including a storage medl um
and its associated cache nenory, said storage nedium being intended to be
accessed in read node or in wite node, through the cache nenory, by a
host device being associated with file system nmanagenent neans,
characterised in that the cache mem)r%/ i s | oaded upon control of the file
syst em managenent neans. The inventors have found particularly interesting

to i npl enent g}cachg refetch command that would indicate to the firmware
managi ng the $18FY a”‘%eﬂitﬁﬁﬂ?ésla%%il ¢fABe Presrnt JrueptienHhag istrravideden

addr ess. alde\@eﬁmdUdum@dstm%e metfunt BAArieNHESIstel | daRhE ABMLRESsald deo dat a,
t he vi deo, dat a C%ﬁn‘HH stored on several sectors. The file systemis aware

of this 8Ijags Mad ng yignAss g hoACCRTEef iR Eead mRdR 5 ih HEite MOdRddr ess of

t he next tr&aﬁgi@ﬁhe\hﬁbﬁetrh@mb jyngefosodelibe bfelnlgeas!sﬁmaieﬁc\ﬂiftrﬁﬂle R the size
of the cache nenp ecreased without reduci n{%@dt he robabl lity of

cache hi P?."as?mentaﬁ%a{@ ﬁ?aé?cé?r&:‘%? i that (e, gactie reergaiive’s (Padgd BP%W EPNEY
opposi t i entheifildsyiskten mahaddnsdnt eBh€f €t ch nmade by traditional prefetch
~controlled by the storage mediumand not by the file system and based on

the nbst recent access and not on the real | ocati on of data on the disk.

According to aneeinmmraemeofomhepammﬁw Gitercst®y fid lidpRYfrea dBRagenent
means assoi%tabed with the vi ce coptrol cache mermrineepr efetch during

host g
the acceR@GEICh Lommand il wed ingigates J& thadfirmpgee (BrpEING $1eestiag9e nanaged
by the f meaieneo r@@l&@%a@h@%rm&mﬁ@@t atgcwargedmdsunmﬂc?d%@ dfGe8dnfddqeal action
is defi nggh Thi s gg@r odi nent epabl e %l | e system manager to act on the
cache | 0B EFAURSIEH & CQBPrisEs yide d@ﬁ"e Mf&@?eataw%eo Qe seYRi@brding to
an enbods@abis. afhet file syawﬁmg SRaredof Ihid of Rtz ARBEST Sragnthitdtioh@indaies em
managenent nea (?e[ cont ans to send prefetch commands to the cache

memory i FPbPERIYE %8 Pé%ﬁ&aw%aﬁ%@f ders the, demaiagery ofithe e dm t he

located. Thus, the size of 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.




storage nediumto the cache nenory. 3 8 May 2006 Accordi ng t@Nﬁgzﬁa$odinent
of the invention, the prefetch co ds <contain neans to indicate the
addresses on the storage nedium of the next data to be prefetched in the
cache nmenory. 5 According to. an enbodi mnent of the invention, the storage

device conpm ; ' SR R tinwd t |

Technol ogy ,tht%g@]ﬁm Qb%rﬁg:g;gl or v]\cﬁtﬁ ﬁ '?%ge'&%gr ?I?? ?Féfg?@aﬁgﬁﬁgghnol ogy

At t achmenntairs aeater t. indlvatsdne addfebsasond thee stonade gyeditiinachtienhexdt andar d
(SATA) 1 {nt erfgce, brings maj,or benefits, as being a high |level protocol,
especi aPr‘ﬂ?P SN sﬁhﬁﬂﬂ%g}%ﬁa glemYadvanced Technol ogy Attachnent
(PATA) interface. According to an enbodi nent of the invention, the storage

device 15 conprises encapsul ation nmeans for encapsul ating the prefetch
comm@nds i n AcFeriing Itaf an nembodirgentuof uhe invehtionlethenestoriaget deviSer i al

Advance hpol ogy. Akt achment,. i nterface. _The, Ffanme |nf tion Structures
defi nedg‘PWBt?%Sgc%ﬁt %’%‘? E SRFpliank nggtg}e &gk é@Yﬁﬂqegnﬂr E%Ef'ﬂ'olgMe SATA

st andar dttachfment\seirideirg diawih fte Parallal Aivanci® WaBhsbIBgy Patdchebitr | Y
suitable to encapsulate the APl in the transport |ayer and therefore

proposesta?% a FIS for sending the renpte procedures calls. According to

an enbodi nmen f i L.on, ' C S, Lte d file
2yt om mnag HenHEknDURhEAT, TethhBRoR" BN el Sne B mand 1o

t hel@t oirdgdace diringsi majordeendfitsl adabeingoa bisight leveld pRstotdle espleeiafige medi um
are first stored on the cache nenory and transferred from the cache nenory
to the §?{5§p§§%? N uFﬁ%]éﬁrquﬁb ndvancede niaghnplagy fyjtachments (PAZ&ed a

predet efb l'evel . 30 The invention concerns also a nultinedia device,
- preferentially a digital television decoder, characterized in that it
includes a storage device according to any of the enbodiments of the
' nvention. According to an embodiment 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




~ bBandwi dt h and a sust ail ne

prefetch based on statistics, the ipventors have found that
particularly interesting to base cache prefetch on'the real access to be
done. 5 Other characteristics and advantages of the invention wll appear

throughthe@feg?' ' ~thiami i d [ - tion,
which wll be ftFEésF rBQ}ng(gn %\?\F?ﬂ t’b t?g(l' %}dé‘[égp%?a? ﬂe@%@l%{sggﬁgpg%%ﬁgs anong
whi ch: - inveintprsehadve épureb dmatsit aoblcobe mhrtiguiarty dfiterestiygt rbasproashet i ng an

10 enbodi r?spi_l of ..t he iinventio - figure 2 represents an enbodi ment of the
cache pPEEIGPRBING B2 apgq:gg{}gqg €0 figure 3 represents an enbodi ment of
the data transfer fromthe storage nmediumto the cache nenory, 15 - figure
4 represents an enbodi nrent of the data transfer fromthe cache nenory to

. the host deviber cheragledstsr @pre advantaged| afc khaliingentionowith appstaem

| : i of .t he | nvent | - figure 6 r t
enbo nupUg (6 eBSHnis B eCRidione BBt Setne. Pl Ry ccents
an enbodiibatliustratdis; wit e Nalof tHEPESETBE PArafihg S anioh@ Whithe cache command.

The present enbodi ment is based on interface neans conpliant with 25 the
Serial Advanced Technol ogy Attachment (SATA) standard defined in the

docunent "serial A LAV 94 T, ansports the
ATA protocol. It ﬁ&ﬁgﬁegg‘\épg%éa%{ﬁéslda% (I)O%hde'ég't%gﬁ é&é%&%tew E%’Jéaéétg{é)%na
recbrdi ng nedi umemnidodimenbef thecimesiti®nbodi ment, the storage nediumis a
hard di sk but cogjd be of any other tycﬁe. The invention is of course not
limted to video JGUREICPESENR AN gnpdimeptef thegracheprefateh hithee data.
~Video data type i jd 8§Bm,as an enbodi ment as video data request high

d" i t

- figure 3 represents an embodiment of the data transfer from the

PF010162_PCT as filed 4 8 May 2006 Despite a comon use of t@l}fayggg 3 e

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




rate Figure 1 represents a systemthat
PF010162_PCP as filed 5 8 May 2006
application 16 is linked to a SATA interface 14, which is linked to a
storage device 11 and a buffer 17 associated wth a controller 18. The

SATA interfa - . -epl .al Lal. . ' e, or any
ot her interf g&@ﬁ%@% ﬁg#’%ﬂ‘gﬁﬁgﬁﬁ%ﬁa@?‘@gﬁgﬁ 1@@3#@2& Hllhgé’%ﬁgf er 17 is

| i nked imfedace ddpwhichistink&d torhastoriagealevidepit ah8 burfdrel aassoekited nal
connecti Q a of her mean that can receive or process video

dat a tyﬁ’étP‘ "’t\' %@” g@%@ﬁi ﬁ&,g'&r A interfaes cadd also beaeplagefdnyadiagaliel2 and a

' - ' , h th
SATA | WTATE e br oo ier iniEhabd SEARE o Botdiaitfa Stdfblg deiddl Onam 1 Ve

ost roces vice nanely
abl &5 t o Thei budfex 1% isolindegpel topavida dbotput d9. e wideo agtpupld caatbeoan16 being a
sof t war Fforo ram éLS iﬁorgi\Pstance | oaded in, a rrermr(é,associ ated with the
pr ocessSFETHASLANECIORYT ad vV 8Pt oRAMly Qthet mean thahcan receivg ok BRACESRni ng on.

the hostideprdtgdysy. i s aware of the data l|ocation on the hard disk 12. The
file system managenent neans send comrands through the ATA interface in
.order to control the cache nenory 13. 20 A cache prefetch and a cache

wite conman fi i ndi. cat bel ow. Thg ,c d is jnplenented
usi ng a sub- ?ﬁ%ﬁ%ﬁ@(&%&ﬁ% ii&onglgﬂrlﬁ%n% §8{ a@@é@ﬁ%‘ ?ETV%' C%C'E‘Bb% is EF (in
hexawechmamhory THhi Fhe Wost OPhadcessts ioSthEShamndisk St DHrbighl tise §AFAg to the
foll ow ng 25 ta‘li)l e. Register7 6 54 3 2 1 0 Features83h Sector CountCache

Segnent Inggrace 14.

I mpl enents the inventy
host devi ce 15 incl udi ngg/giys Og?age

r

. ‘The host device 15 is a processor-based device namely able to drive a
storage application 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



Sect or Nunber Cache Ss nunmber Cylinder Low na na na na na nag R@\quﬁc
Li nder Hi ghna Devi ce/ HeadDEV CommandEFh Sector Count regi ster che” Segnent
Si ze: size of the cache segnent here’defined. PF010162 PCT as filed 8 My
2006 6 Sector Nunber register Cache Segnent nunber: order nunber of the
cache segnent Cylinder Low register - bit (0) WR set to O for a wite
cache segnent, set to for a read cache segnent Device/Head register - bit

(4) 10 DEV sisslctoriNutnbat regidter sel ect ed device Figure 2 represents the caﬁhe
prefetch according to an enmbodi ment of the invention. The cache prefetc

i s ‘managed b qch@gqqgr@e@mr. erderquimberofdha caphe segogat | y 1 ocated cl ose
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
figufe 3. ThE&ylinder layws regisies - bit (Bhar ge of managi ng t he organi zati on of
files on the ard.di s nd thus kngws the | ocatjon _of data on the hard
disk. 20 In W/Ee?ﬁ'}o@i ﬁeﬁ’( Wi ec?ehﬁeﬁﬁﬂmﬁn'tﬁ%t q fr & sashcaghe

mul ti medégmiah{e system particularly suitable for the comon storage of
video data and informative data. Such a multinedia file system dedicated
for storing on the sane

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




recording nedium video data and informative data features a §Ma§'[2 ype of
25 storage unit for storing audio and/or video streans and a second type,
of storage unit for storing non-stré€am data, wherein the size of the first
storage wunit is a nultiple of the size of the second storage unit. A unit

o ol ur al PPJTeiRR ot PeiarERCEa St oyt & BR5) 3h84 B imelvElm dac .
30 In odatmrhﬂndlﬂxedtareéfctﬁm.a:hé/wideosaaiaem there is onl y one directory tree
f.or both typ s of storage units and both types of files. The storage device

11 can store F’H@WPSEPP ¥ adinit ehitie ﬁ'isﬁéﬂ?ﬁ aﬁlﬂta')‘t%ﬁ P'ﬁt?d!%?’flpﬂ'é%oélata
. t f tati
OF ¢ ho i cepridyDd C2R b ifon ARAIREIy OV i Gl (e eiind dibEdme L ac ! O

and & fand@caogtmgj mtl"mjtype/oﬁm:mtmihéestorédyaotragmosmitmtoaa ploralitpbft he first
type spli ]p r;})étjra ity of units of the second type can be, upon

avai | abPP'i?? BFEEPIA IMPEse units of the second type 5 and according to the
type of dataThg md%&h%m%%ﬁmm éfpthbts.zélbf)aad&h%@ée gangrar sb.le%ts of a
second type. The bandw dth Deing function of the size of a data bur st

t r ansf elimel igdisedt fomsegkingdbe ﬁaﬁg diglediivey settors chigheli thie andvddtheist or s,

hi gher he nul t.i Ve, system b naglngthe
orer: TH6s RN e SUMBbY SpI G0 Peld bRCYS R AR L2010
sect@r stikeppelofaiida ttd Decstorad iRy aRe seblts 3eaRFP ahdl MRerefvte redae@ases the
sustained bit rate. The hard di sk can then be in accordance with the type

- of dat athecagsessdims Bwsdnereasss s sipteined bitietde optimised. This may inprove
~-the 15 fragnentation of the hard disk 12 when there are only big size files

- fo store. These ones are stored in a big block, whereas when there are a

| ot of smallTheihaed iiskesan dha becin Midrdane Withcke tgpe ofildth torbsal | si ze
s a need. Using a file system such as the

bl ocks as | on s.there
mul t i me%ﬁoéecf g%‘?s%t ereuRAtionmfagy de Z‘QPtﬁF'éﬁtj{ yThifie MR 8PPV th® the data,
as f.‘f‘e fragPehtABRESH AL iitd bk S when there are only big 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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consi derably decreased. Preferably, at |east one first data §§&Hﬁk@6€
indi cates at |east for each first type unit whether this unit T's tTree or
not, and whether this unit is divided in 25 a plurality of second type

storage units or not. Wien the host wants to read data fromthe hard di sk

12, it @ﬂ&@c 0 r s J h command

i's defize astﬁglyp%]tg\f;v&%:gmgg%%’pgf tqégg ﬁ?‘at ﬁéwA%C%@%n-égﬁ?Pﬁ%%ﬁe prefetch

comrand (lgokeshéar tprefetdhon based tdre statistiage lt)hr‘eE\ciacge J:fhetnﬁ)ry Iwcfuﬂdi lolad t he cache
13 th iLch ar he next, to be rea e .stora

opl | SatrEiers b Ra el O EoAbd i WS ayidRe 8 fohdoscasteshl: 4B8  daa,

these Vighfshdhdlent bEMSATeRR) l%bid@/is%%@%t@é&etmt 08 1% ea&ﬁee eféﬁ:husua' ly

represents a huge anmount of data. shown on figure 2, t data are
PF019I| 6 Zopwrand istrusd tise 8ache nroery €3 dedoad dloyn shehad] diskstbetned A, C, D,

E and F _Wih ventiqnal prefetch (look ahead prefetch), based on
stati st idé‘g{‘m@%%‘fﬁgeﬁa’ﬁb’ry woul d load sectors A, B, C D, E and thus
woul d not pr qdréever, 1h8%waeher RdltimEar: fiRMBosteERl QésdribRdi ANeW,i on
provi des a 100% cache hit as the cache prefeich 5 command instruct the

cache nipegsemthe effisiancyr Intheneache arefptch asdt aptimizegathe hardbdiskead
effectiyghy. Mreover, the use of a nultinmedia file systemas described
above, ‘ITncreases the efficiency of the cache prefetch as it optinizes the

- har @0 di sk uFiguré03 Fiepressends rarprepsissdiment efntiedidaenttrafsféh Godlattaet r ansf er
fromthe, storage nediumto the cache nenory. On step F1, the sector nunber
i s initSrpgemedivmdo e caghe MsMARYon of the data on the hard di sk medium

- On step 2. dieshect ping Wi dipbS RifinaRthd, 6y e ToGRUR or gl Ster are
“Set by the host. The 'sector count value has The sane vanue as the target
cache sdgteeon the hard @isksinediurl, Onhetep dtd)dhe meetat mimber rexistersaahé command
i : i
'S Ssu&de Qgctgp %oﬂr?ts ltegtts?era grléa éé)t t%yhﬁmdﬁgét?q'heosector 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.

PF010162_PCT as filed




transfer the data fromthe storage nediumto the cache menory a%oﬁ&ep F4,
the data are transferred fromthe hagd di sk mediumto the cache“nenory. 20
Figure 4 represents an enbodi nent of “the data transfer fromthe cache
menory to the host device. On step Gl, the sector nunmber is initialised.
The value is the sane as the first sector nunber of the source cache
segnent. This condition insures the cache hit as expected by the cognitive

data pref et clFigube SramreSentstdtogbdedct dr and abstorageodsvies 2 assbrihg sect or
count r&gi ster are set by the The sector count value has the sanme val ue as

the soul®&@cgRbedupeniceh the ywention andhaivss a Rnclipaalbidescrintianceinthgnd Read
UDMA | S i e L st 3 e data are
al ready "oy eagae o R Rora0d BeR TR M He®' GHthAGRY'S okl ¢

per f Br mapphcatiann® areinterface 40a vidensfource 8 dndoanvidee aitputalfe devi ce to the
host device through the ATA - interface. Figure 5 represents another system
where an enbodi nent of the invention can be inplenmented. PF010162_PCT as
filed 8 My 7000sRrkid Uil 2RAHHMS B REASY iCa Infiihguia! fleae device
2 according to an enbodinent of the invention and gives a functional
“descri psystendf, alemwarst proguarne’ and aharddisk assegeblydi e hankdiskst devi ce

' L ' ' f 4, i,d 9 and
2V deo cateph’ §0REurgs R paitiiecBioraod ueslisft LBI 7 ndreppRdnge 2T
mul 16 rregi\,@nfémaodim@ﬁ,em(ﬁtheacédrfermmr?r ogram 7 and a hard di sk assenbly 8.

. The hard disk assenbly 8 includes at [east the storage nedium being a
hard disk in the 10 given enbodinent, and the cache nenory. For designers

f enmbedded t L} \.eni o;.b rovi i,t h st orage
~devi ce ol ulithg™Rigndre 4F bdudian RIS, IPiendenP SKEEAL Rob 1o aecess
t he stopemddectavith bysieeagk nigvicemiricudiag |a Te pyseat Wi tive tilkrfacke system

nmeans. So,, the sthora e device |s delivered as an )
enables a host 1o access the storage means by sending remote 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 cah read data on the hard disk drive 8
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aut ononous entity controlled through a sinple interface by pgaﬁ,%g%%
procedure calls and thus does not Iy quest extra work for the si gner.

This enables the designers to get the best of a hard disk drive wthout -
any expertise in the domain. 20 Preferentially, the interface i ncludes an

the. ot orhosted B AR oMpSL ABEE 5ol Gk E8hLTR Lo 1B e and

hi ghl y from thgr éided setimrea@e devi ce where all the software that manages t he
files-and the hard disk assenbly controller is enbedded. 25 The hard di sk
medium 8 is intended to store video data fromthe video source 9 or any

other data piyhdriash hest evieb of AARISRPSIoHE'del o t‘ﬁ%‘ ha&d GO0 drivk 40 data or

i nformative data. The video source 9 can ype such as
br oaticathe ptpm%apptmatrons& a@m aailjcannmamisetoﬂne aadhlmedlad" lasystedi ﬂg to

the st oPbdle aieBLARURe T Vi doe hfrficaut i Bof hash R todeddbbpar 10,

The Vi jperfacd glﬁftﬁé)smgg@geme%ternal 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 (|nformat|ve data or video data) on the hard

di sk drive 8- d 0101 PCT as
filed 10 8 I\/EQEZ%%E&Q%%@@I'?&&QB ‘%e é@ Mﬁ%ﬂtéﬁ "(38fr nd Hgé(& to the
har 0 di sturdei 9.6TiRe storagg apfphcmxdmhas\to dstoresibier vided strédm olfige Harg host
. device é g/aﬁpts to store data on the hard disk drive 8 5 the storage
appl i caf'S68™efinds call commands to the nmultimedia file system6 of the
~ storage device 2 via the interface 4 on the host device 1 and the
interface 5 of the storage device 2. The storage application 3 receives
this video sThednteffacem 4 anddthe int€fsmbearedof tHeesamer iype iappidecadi on has to
t t har d
store t he t\{ltedtﬁg csorrrn(ta't%mc%rtlton rt:-etv\t%{;)n the host device and the storage device.
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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disk drive 8. The interface 4 and the interface 5 are of theg ghype in
order- to enable the conmunication tween the host device an he st or age
device. 15 As nentioned above, int present enbodi nent, these interfaces
are conmpliant with the Serial Advanced Technol ogy Attachnment (SATA)

st andar : | .nt.ar def | t S hysical ..l i.nk and
trans poﬂ—fe H@g'&?ﬁé ' %“ﬂ“@‘t’@%{?‘%@ﬂ‘%ﬁ%&g %@"é{aﬁg{ﬂ?‘gls F%/ﬁé ﬁ%ﬂélpf)gce. The
SATA i niafet dTiee fiak layer oieeds nat be Paghizang bhtheodbradet dfifgimepeed interface for
the consuner market. Qher interface types such as for instance the

Paral | el Advanced Technol ogy Attachment (PATA) can al so provide a

hi gh- speed i r ' € | oy Lt an the
SATA. ; nt or f ad e G layBf REhCREcis Pame IHBIoR BhRfirel (F98) KO, | T e
PATAS i ntrantmuission nawd odeesmposexdi reeeivedf RI8e Hostemindostorageedalickypes of

interfage could be ipple ted on the st e device and especially both
PATA an an%qli,laygs g}fgf‘?&“i‘ gﬁé‘f‘?ﬁﬁ\‘@eﬁféﬁgﬁggﬁ(‘&f’ﬁ dﬁ%ﬁn The link |ayer
encapsul ates and transmts franmes. The link layer transmts and receives

frames, transmts pri rritive_s based on control signals fromthe transport
| ayer, and r bicthes gyveprémbodiments therhesdeviee 1Pand dke fstdrage &leMine 2006 11 t he

physi ca A L.ch onverted to control signals to the transport
| ayer . %ﬁ%sﬁﬁﬁﬁmﬁgbﬁ?Pﬁéi "not be cognizant of the content of franes. The
trangport |ayer constructs Frane Information Structures (FIS) for 5

- transm ssion _and deconposes received FIS. Host and storage device
transport | afeparding fea veRaphelthermbedimant ohetsterageSlayiset 2anddhefers. In

* piyst ool T3 DRgRendem e Rt R 6 el Bambr ide SR BREE Rt 1 e

st or agephsically seprrdteidiey a connector.

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. |

PF010162 PCT as filed




host device 1 can be for instance on the sane printed ci rCUi$hPa?r?2'0 6j ust
physi cal |y separated by a connector. 15 The interface 4 and e’inmterface 5
are interface neans enabling the t fdnsfer of renote call procedures from
the host device 1 to the storage device 2. The interface 4 includes an API

di f | Gat ' 20 | fage,. ,The AP] enabl es the
o ocedure oaleTBUTHAAE i SRR s dprdsies The el diek SRug dhesitifice 5. |1
order t firrago MUdute 7. WheHiriwar8Ahbdalean fdrthgeshBel IBWEIBYEN Scdiakes found
that it V\%uld be particularly suitable to encapsulate the APl in the

t r anspot@ theRard disls8.The APl is defined as a new FI'S category. This FIS

provi des a - deSHIL BA | 4APL _Dbroce c . Jhe

interface 5 ghémwsat%rage I%Eff,/ilﬂgé;ﬁ&%g@%ﬁfggggs%%r%ﬁﬁ?eﬁéﬂﬁﬁgk Nanel y,

it extrdive 8tare vaRl clbsemnthman/iRterkttS in order to transnmit the APl 30 to
The nultinedia file system6 is controlled

t E?ogglht { gdkg?fhia\lﬁﬁi i %i PR 88 stRrdard hasd dlisle driges R 6aFke cal | s
bet weenydigoiOtksirfde | &Rhé MBRhory I’i”.?taﬁﬁ'fé%ﬁg‘g %ﬁ.}sf‘{géﬁra%ncé %{r@&%ﬁo@ﬂ}z The

multimedia file system 6 accesses e ha ve t firmmare
modul e driverfdadk olnsustained dandwitithanaighsduring maltiplesetessccesses to the hard
disk 8. The firmvare nodule 7, the multinedia file system6 and the hard
disk 5 drive 8 are very close and can interact. The hard disk drive 8

confeai ns, as pigarslar fepraséhtdi sk edibofiment of AE InvaTRITA' Mustrstidly tije cache
I’IVG% acC (6}

menory is a mean to counterbal ance the hard di sk sust ai ned
bandwi divAteneacheycatomang. mul ti pl e- access. 10 Figure 6 represents an

- ""f”bOdi ment OfAtﬁgeitajl Wg'c;drgg éOl ilsLi:So rnae'%.en otahguffé/\:"r ﬁé Via“4 ﬁltl]E 2%9%29 '
7 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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A digital TV source 20 is connected to a buffer 22 via a quggég guffer

22 Is connected to a storage device 24 via a SATA interface %ge st or age
device 24 conprises a hard disk 26 &hd a cache menory 25. Link 27 is a data
15 bus connecti ng the host device 21 and the buffer nenory 22. In this

nmbodi t SATA UDMA (standi ng for ltra direct
ﬁ”odg Qgggss )t}ﬁﬁﬁh‘@ wyi 631@%% '%Qﬁdn?mgyea %3%%'% ahalinm%ﬁyi Bn 20
The di gj,tiply the WiRtEIE&R ar&mrﬁgﬁd]ymg@g shed Bloé‘: Fé wri&%npa%ﬁssof dd§§' udi "9

each 188 Bytes, at a rate o bytes per secon
MB/s. Thee Huslﬁendnvtl'cﬁehamhdtsklai thedo&t‘m pmvmusaceeﬂ)byﬂwéioagdewoerands as

d I b ns fiqure 1. 25 Vi deo ome .fromthe

i g1 t al 2R TBEFIETSG T the rAE remaed i B Lk RESTTUNIRLF 1 ed to ¢ he
SATAs i nhRA tigderbbYUBE fillingl18Vel2d thé\cabmd Indimdiyers 22 (512 bytes) nay be
needed to adjust the bit rate between the inComng flow and cache wite.

30 Thanks to a wite cache command, the host device can enable the direct

Lranster of Vet 2idsai BR SBbbBieroP ML e Reky sbbRrigh O oK 20,
W t h t hduSdg thepweitecatt®e cdthhlbdtic2_PCT as filed 8 Ivay 2006 13 The host
wites to the cache_nenory one 512Bytes block at a tinme by using the wite

cache commandin $gBEhdbeiestarurkerwhereithe datgigme do b@a$t9recbp@ t¢itten on
ey g o] sl sl NSN3GRyl 0! devi co 21, T

transfer romt e cache " nmenor 26 is automatic and
triggered by Thenfon ktepgERethe cmﬁmaimel |saelnet0rﬂ1mfun®5re fo dioatd to epresent s
AN e Rihware the sSalt humber Whers o store The data AScotnter caiedc <M"Y
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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In step E1, the sector nunber where the data are to be storeglh%&ztoag 10
hard disk is initialised by the file system managenent neans. €n, on step
E2, the command is sent to the firmvare to indicate to the firmvare the -
sector nunber where to store the data. A counter called sector count is

al so set. This avoids indicating the sector nunber at each transfer. The
sector nunmber for the followi ng bl ocké of data will be the number 15 of
the first sector to which is added ggeval ue of the sector count. The data
are then transferred to the buffer (for instance buffer 22 on figure 4)
until the buffer is full. Wien the buffer is full, the file systemsends to

the firmware a wi DRveaChRcIEamEEA Gtorah8PmEdium NEndfilst 8s&REISd CaBR&nd ,
indicates the data transfer to the cache nmenory. \Wen the cache segnent is

20 full BIEMAENsSAIE sipage adhbr heing Brndedriphepqoesead intrped MR0E o

transf er (eite Made! HoFgHOMBARACAB MM bF Befb It Gevicel bbinglAREEiatethBity 256
bl ocks are witten, 128KB of data are witten on the storage nedium at the

| ocat i onfijsr $Fies §13pageBentypednse charpetedzad Brhatithe saghremgmonn ¢ aded

aut omat i gpori Eorl@ebEeHe Ak dyBRnf ibhddtnent Mé@hs 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 command

al | ows the hogt to puvideeabl@rding M6 Qidife1 CHaRRoterPRATR Yin¥f tH2OHE $Wstdnk Ng t he
data on the storage nediumitself. Thanks to the high speed of the ATA

pr ot ocol MaPRGEMGRtaMEPRR s AsFacialgd WiEh e hoshdeMiset coRtot RecheaMeMrgk drive

may be Vgefetshiiring thEQdEL8ds RGdadfmobie! ed 8 May 2006 14 Cainms 1. Device
including a storage nediumand its associ ated cache nenory, said storage

medi um bei ng i ntended to be accessed in read node or in wite node,

through the cache nB&REy ackdrdmgN®s LiafRV2 ChaPRitéitedS MOHaAL 8Grivg tBad fil €
syst em managenent neans, characterized in that the cache nenory is | oaded

upon conffeisSotha file $ystemJyanagamRHJaedrstCaRtaiRg means to send prefetch

commands to the cache memory in order to download data requested 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.




2. Device according to claim1l characterized in that the fil
managenent neans associated with the host device control cacﬁhffa@bﬁgn
prefetch during the accesses in read node. 3. Device according to claim 2
characterized in that, during read access, the file system nanagenent
means contains means to send prefetch conmands to the cache menory in
order to downl oad data requested by fthe host device fromthe storage
mediumto the cache nenory. 4. Device according to any of clains 2 or 3
characterized_in that the prefetch commands contain neans to indicate the
addr esses on t'he sO§Vvisgeaccpitincuie slaimhd ehexacierized inotheb @urinbesetssd in t he
cache MefPhitite %o&@VtrféefulﬁcggédrhnHaahQ SH¥ntOfeSh Wonthird anlar%h?c{ %%8’“ zed in
that it conprises an intertace co |ant with the Seri dvanced

Technol ofy Wi t 6%hEe §PMEIAREd 40 dther s\fmr{ﬂgﬁ t Fedipar al lnelordmvénﬁiedataedthnol ogy
Attachmepp stsfcansiaiih sRrad®WmiRCars A Sibaash 1R cgéhae' %Oaéd
characterized in that it ~conprises encapsul ati on neans capsul ati ng
t he pref EFEERfeEEnEPMsthencachemngmery nﬁ%ﬁ'ﬂ%ﬁ%ﬁg%ﬁﬁﬁﬂdﬁfﬂurwmnéhg ag@eh¢ ned in
the Seri menﬁﬂya‘ﬂﬁ@in%yﬂé‘éﬁhggﬁ préididfifiBRibyd Nt €r face. 8 May 2006 15 7.

Devi ce according to claim1l characterized In that, during access in wite
node, the file system nanagenent neans contain nmeans to send a wite cache
conmand to the st opggendRsli H@@:bé‘ %’éﬁ%?erﬁlgﬁ% Sagigithio telg@isﬁ)horo%g Q& the

st orage msdl umare first stored on the cache nefory and trans?erred from
the cach€3afBAZEY B thatd iRdlutesedaiien areipies te ﬁ@y@fa&mﬁms nerfery filling in
has reached a predetermned level. 8. Miltinedia device, preferentially a
digital television decoder,. characterized in that it includes a device
according to any of clains 1 to 7.






