WD 03/ 054706 PCT/ EPO2/ 13368 1 STORAGE DEVI CE CACHE MEMORY MANAGEMENT The
I nvention concerns a device including a storage nediumand its associ ated
cache nenwoyg/osee st orage nedi um being intended to be 5 paamresesses n read
node or in wite node, through the cagdhe nenory, by a host device being

associated with file system nt S devices are
provided with a cachEO P?ﬂ'%@@%ﬁpﬁiygh@#merformances.
10 The managenent of cache nmenory in storage devices is a great challenge

to i nprove performances of systens, and particularly when sustained bit
rate nust be Képtinvéhiien iconpamsi & ulexideyintludingvaesiosage awedidevaneédts are used

f tori A d . k ) t t he, h i | di |1
Storage ABOPEEEY Sache’ FemR Ty Hloradsh RTLET Tnd: Mehoed 2058 at ed
Wi th the 3besageinRHd Modd 8L wrigd Ghode,f thf the @BERS riefndey,aRche menory

accesses and the storage nedium accesses and cache prefetch 1's ‘based on
t he | ast hastdeges baingeadspciated withdile systegemansgemend B1eansr ef et ch based on
the | ast accesses done by the host 20 device reduces considerably the
chances of a cache hit as the storage nmediumis not aware of the data

organi zati on Qodthtf sidragadieviges 4@ probiedl with Bheachecienirgfietosder o known
systens i s done using statistics on the |ast accesses done by the host. In

order toegbeNge Yodrve BRUPTM@ICES cache hits, the designers are thus
obl | qu to pr %’edﬁ’uﬁ%g%?négﬁ GACHERSERBMY qnfé;ttorz%lfﬁ-i:'3 rHceé/('i;%tatsh‘?s o Yréatt ! Cs.

I ncréasing the size oOf cache nenory to I ncrease e-hit “probability
i s expenghatteryyl tootimprovealjerfearaeceal by systembedaret! piErticulesy wheneover,
Stor od arHSEURY BLsate TBiet BF KB M ScrpricuIREY Tga Bre S10r3g8 A idhRonous
the | npuf oo BT BRI AL delal O et ain hlah bit rate. (sing such a
buf f er menory In knowasysteros,thd@asheymemerycinstudet idalli steeage 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 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.



WD 03/ 054706 PCT/ EPO2/ 13368 2 The invention proposes a device including a
storage nediumand its associ ated cache nenory, said storage nedi um bei ng
i nt ended WO lB@s5476€cessed in read node or in wite node, tRCIEPA2/13368 cache
menory, by a host device being assockated with file system nmanagenent
nmeans. 5 According to . the invention the, cfalche menory is Icﬁaded pon control

of the file J@St' MERHATH REPRATES R deviceTinEIuding: A: $iPEagR e Hiing@n gﬁt icularly
| nt er est lagodigidiTREERE NndéryC Shid PEBFAIL ImEAIRRNSbihGaintided! tondcat e t o
the firmvare managing the storage 1 diumto realTze cache prefetching
at a gi vewsceskboemsreadmogeeonin naitel madis, thidughhthe egales treembry, dycanpri ses

vi deo dai}a, wéhe viodeo dat a. can %f@toreid on severa} sectors. The file
syst em i SOFHAPUCHPEIR; ASSH) @3‘?\9’ YA TER S e MAPAERTEN! BIF4Rd t hus can provi de
the agldress ofackHRIIMSIS tREHVBAtIUM BN chdie mePiBHyslRsaddld Ghsn tohkolisr | ocat ed.
Thus, the size of the cache nenory may be 15 decreased w t hout reducing

t he pr obdle filetsystem caanagamenrt mgans cache prefetch is a kind of cognitive
prefetch by opposition with the statistic prefetch made by traditional
prefetch controlled by the storage nediumand not by the file system and

based on the mhetinv@tiors haes éamdpdrticolatly dmtetdutingetdl implemienta adchdat a on
the disk. 20 According to an enbodi nent of the invention, the file system

manage e i efﬁg‘éhgo'ﬁgt?@@i @ﬁéd"%lq indigaterigdhe disiwase JpaRAYNY 65@ [$0r@8Ror v
pret 8¢ middfibindid *ﬂgang%c Bace ArirciGiflg TCE gildh 'eREsYR ElBe dilfRaBache

pr ef h'I's manage r maar e oclated wth t storage nedi um
and no exhade)dl thecequested filketompdsed hideo datbatiernsadeo datebtas ba stored syst em

manager to act on the cac |l Qading,in .order to di fy the hehavi our of
the cachén AREVEH; ﬁ%CtPFf‘-aH%Qn‘g'@%iﬂ&ﬁ?mofs t%aﬁen\fgm'ﬁn,\ér M2 &d access,
the 30 %ﬂd{g@ﬁéﬁma@mﬁ@@esﬁtp_raﬂaa&hé%aaaég@,somerﬁeme%mﬁé@fmbch

commands e cache nenory in order to downl oad data requested by the
host deviremainder of the file is located. Thus, the size of the cache memory may be

15 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 controlled 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.

20

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

25 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
30 file system management means contains 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.



fromthe storage nediumto the cache nenory. WO 03/054706 PCT/ EP02/ 13368 3
According to an enbodi nent of the invention, the prefetch commands contain
means t o wodBost7e6 t he addresses on the storage nmedi um of Plog/EPEeXI3368lata t o
be prefetched in the cache nenory. 5 According to an enbodi ment of the

[ tion, th t devi . | . L.nterf liant with th
Serial AdvanchecrBkRE B mRdEEREhIE rRaiPY Bie Refechonidpat e
Ad d ti lcdhetiila T I

ALt aches e O o O e e ot T e ot bei n a

hi gh | eveatapodieoprefetcbeg écihel dachedvem@nsd with the Paral l el Advanced
Technol ogy Attachnent (PATA) interface. According to an enbodi nent of the
i nvention, the storage device 15 conprises encapsul ati on nmeans for

encapsul at i ngA&&&queftst@m SAPBEIRMt] of tife AneeRtidm | iemstorage Stieviceure fiel d
defined in the Serial Advanced Technol o%y Attachment interface. The Frane
| nf or mat C@MPEses canr istertase eempliant math: dheeeriat Asivanrcefl, TeghpelPgy o be

conpl i an | N N ifeRind 20
wourd perpabbeh SiERy R JRHE i, RtBI A ReD Tadiony eictimark 2

| ayer angtandlagf.ef ore propose to use a FIS for sending the renote procedures
calls. According to an enbodi nent. of the invention, dyri a Iin wite
nmode, the fil éhaysasial nﬁﬁ&@@?ﬁt*ﬁﬁ'&@@ogﬁn ﬁaﬁhﬁ@&ﬁssqu&gﬁdigmhe 25
cachg, CORBRSL Bl aGndTRSl Y8 b&ing" & 5igh haleldplctobdl, kspsbrilgd on the
storg)ge ne iurﬁ grrﬁasi Ir%tsa?‘ia'rstoré('a’fgg’oﬁgllhengachelgmermryaand trans??jerrgd from

t he cacheompared/ Wwitht the sParadige Addinoedwi@chnblogyaditachenenty (PATA)ng in

has reached.a predeterm ned | evel. 30 The invention concerns also a

mul ti mediM€ ‘ce, preferentially a digital television decoder,
characterized in that it includes a storage device according to any of the

enmbodi nents of the invention. . ) .
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 calls.

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 memory 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.



WO 03/ 054706 PCT/ EPO2/ 13368 4 Despite a common use of this cache prefetch
based on statistics, the inventors have found that it could be

parti cul awby3iont7e6 esti ng to base cache prefetch on the reall/EPovesssto be
done. 5 Other characteristics and advant ages of the invention will appear
through the description of anon Limti e | ment .of the iLnvepntion,
which  will bBespited eemawen wpe Bf tg qﬁ‘éﬁg ngPegﬂbgg‘ﬁ@ﬂ&bﬁtag?té% ﬁﬁ% anong
whi ch: - VeCRYLRge Cle HaretiAam P intBretinet® b&SS B8Rk ng an
10 enbod!" &é h]% fHUE’\%/{e dﬁcgl-jleflg%? re 2 re)gr esentsban enbodi ment of the
cache pr peféich dwtheheal écdessstpixeednne- figure 3 represents an enbodi nent of
the data transfer fromthe storage nediumto the cache nenory, 15 - figure
4 represents an enbodi mrent of the data transfer fromthe cache nenory to
the host deviggner chhfdtt ngns'iud’seahaswéqtagé& stk il aevartons val

representing another enbodi nent of the invention, - figure 6 represents an
enbodi nethrough the deachptldm of @ mgn-timitingt empodinesntcef the 'FW@GTI'Q!‘ MWhIERr esent s
an enbodi gent . of .t he d fl.0 I cache command.
The pres¥ G H? %hg&e&oﬁﬁ% c;%e?g%'%r%g saFcT{(g)(?l M@%ﬁ with 25 the
Seri al Advanced Technol ogy Attachnent (SATA) standard defined in the
docunent "serial ATA, revision 1.0, 29 August 2001 ". SATA transgorts t he
ATA protocol . It-i sflgallf%d reprenests a blacksiag@m gasystan depresenting,an

recording medium @Fpodl ment, the storage nediumis a
hardE@i sk but coulaé(]ﬂ "*émr?gﬁ%ts'ﬁ%n ype. The invention I s of course not
limted to video. 3cf|gmea feppesents anlesubadimentiobiher cache prefeichiyithe dat a.
Video data type is {]aken as an enbodi nent as vi deo data request high
bandwi dth and a sudt@sWe§Mbit rate

- figure 3 represents 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 August 2001”. SATA transports the
ATA protocol. 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 data request high bandwidth and a sustained bit

rate

Figure 1 represents a system that implements the invention.



Figure 1 represents a systemthat inplenents the invention. W 03/054706
PCT/ EPO2/ 13368 5 A host device 15 including a storage application 16 is

| i nked t owe 03#3¥&06 i nterface 14, which is linked to a stor&ga/EPevidses 11 and
a buffer 17 associated wth a controFler 18. The SATA interface could al so
be replaced by a parallel ATA interface, I nterface_suitable

. | or .any ofher
for accessi ng/ahesireriee d8Jneleding arstorags ?BP“@%PS{Q Isrlinkedite %gg‘i-ré\eo out put
19. The v : 1.9: Fasbs%e [ : or any
ot her méﬁ@ﬁﬁggqﬁ%@ggﬁwegﬁo%‘%tge a%\?édeegqgat aétbegg qz'%esges{?%fégge devi ce
11 conprivsttsaadonteiet 18. Mhe GATA intéface doaldcalshebe téplaserbby algarallae host

CPU .to the hard dj,sk .1 h h the SATA .interf 4., The host
CrU accesset igdbe Rerd sk ae it el e, SEIA LB SLLCE adyThe oS
appl i gat ifgp B@FferTmﬁoilﬂiﬁk@@@o %Oﬂhéé%tdtﬁlﬂ 16 5d VHied é@lfphwalgecdw B8am 15

for instance, loaded in a nenory associated with the processor. The host

devi ce, axternakconnasitionltp a h¥ set beasy sthanmeamihal can negeivesetpProgesscessor is
awar e of t&&e &ﬁféﬁ | ocation on the hard disk 12. The file system nmanagenent
means sen®f% YRS+ hrough the ATA interface in order to control the

cache nmenory 13. 20 A cache prefetch and a cache wite commands are defi ned
as indicated below The command is .inplenented using a sub-command of the

ATA command "Th& stosage devicewhl sampgses gt least @ Ranmkdishicls Add p caghies

g dver ooty 13, 758 W GelabE S AS o SR T Ya 1P ol BE BT C L2

Sect or Nuntegfac€ddhe Segnent nunmber Cylinder Low na na na na na na na WR

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-command 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 e [ 51 4 ] 3 | 2 | 11 0
Features 83h

Sector Count Cache Segment size

Sector Number Cache Segment number

Cylinder Low na | na | na | na | na | mna na | WR

Cylinder High na

Device/Head | | | DEV | | |
Command EFh

Sector Count register

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




Cylinder Hi gh na Device/Head DEV Command EFh Sector Count register Cache

Segnent Size: size of the cache segnent here defined. WO 03/054706

PCT/ EPO2/WB38854766 Sect or Nunber regi ster Cache Segnent numo@rEPODII$e8 nunber
of the cache segnent 5 Cylinder Low fegister - 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 shall indicate the selected device Figure 2 represents the

cache prefetc | ; enbodi mrent of the invention. The cache
prefetch is éﬁ@@gﬁf@@ﬁ@?ﬁ}e system 15 The file systemis usually

| ocat ed cl oseCtohé¢ Seghestt ndenbereordeh aumber b theagachsesegraenhe SATA interface
as shown on figure 1 but can also be |ocated after the SATA interface as
shown on figure 3. The file systemis in charge of nanaging the

orgary zation itddréovPredidter - ba@) di sk and thus knows the |ocation of data
on thrye har d dueg‘i'ﬁdéio I'n c?trlle enbo (igi)rrent of the invention, the file systemis

a mul timedi a W/Re seéytot @fopaa twrital eache sagment,esglolo ol acrAfbFaSRSr age of
video data and, informative data. Such a nultinedia file system dedi cated
for storf EAtt he same recordi ng nmedi um vi deo data and informati ve 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,
wherei n t he sPgwicefHeaskragistel - B ¢dhge unit is a nultiple of the size of

t he cond st Eglﬂ&é"qh& Ebéﬂ%it%elg&gp%vfderst type is allocated either for

stre storage or-is sp'lcla urality of units of the

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 multiple 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 informative data (non-stream data) or
audiolvideo data (stream data) in an efficient manner, avoiding a



second type, for storage of non-streamdata. 30 In one enbodinent of this
file system there is only one directory tree for both types of storage
uni ts andwbaios479pes of files. The storage device 11 can PCAEPIL/N368 mati ve
data (non-stream data) or audio/vided data (streamdata) in an efficient
manner, avoi ding a WO 03/ 054706 PCT/EP02/13368 7 fragnentation of the hard
di sk 12, frsomeniatierpf thenard disk 4, witbautdpfining a fixgtiarga ferinformaiive i xed
area for ' i ly, a unit of the first type split
into a pld%gkﬁéé@%%uérha go%%gﬁéo%%g@%%d type can be, upon availability of
all these uni tgivahtddeousitanahit ppéhe Sirstridpasplit titna plaralitg of wynitsadf data to

be stored, no nore split into a pluralit f. units of ,a second type. The
bandwi dt ®EERENT BRE FIhbes upomakpilabIgy of all frese s Of F%é%?",dd BES ¢ o
Is used f I+ j HeV t ' hdt h i s.
Thus.  he B R A B B e o e PRI g o
10 t he t ynisof adscanddy® stored linmts the sectors search and therefore

reduces the cess ti. hus 1 ncreas the sustained bit rate., The hard
di sk can t hena@'@ 6‘?\"%’&'5@} hﬁ'ﬂge#uﬁﬂq{" Pﬁ_ﬁﬁ Ji5& ‘?Lﬁa gg{]aagy@t E@nsgr Oleesg and its
occupat i g RNussd fiH ddBKERtheThard diBK drive'seceorshRighdb the aanawidhiign of the
hard di sk 12 when there are only big size files to store. These ones are

stored i Mhasbithe mulidredighile systamndy maspgingrihezhargidigk 12naggordigigAe files to

2! nedt, "t NAEoP pAE R 86 St dinitR{Bctor) farth SRR fodiiods"> B 12
20 gr eat liye bbeescimethiis Merdascsithe dabtainetbbit hatef i [ e fragnent ati on can be

consi derably decreased. Preferably, at |least one first data structure
indicates at |east for each first type unit whether this unit is free or

TOb g unr o 10 R o o8 A sk poafte Bl Wghpq of koS58 (VEe,
12, it setoledaand its occupation can be optimised. This may improve the
15 fragmentation of the hard disk 12 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 multimedia 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.

When the host wants to 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



prefetch command to the hard disk 12. The prefetch conmand is defined as a
new conmand supported by the ATA protocol. 30 The prefetch command gi ves

i nstructiwodls7dhe storage device 11 to l|oad into the cachEPrnsry 13 t he
data which are the next to be read by8the storage application 16. Nanely,
when the storage application stores video data  these vjdeo data request
several @espectvelycstorachopeseniersed Gs D tE @oddr1 Withy eonvantional arefeled amount

of data. S L Qur t / 2/ 13368
8 res pect(llé%l @9%4&0%2%{9%%5 Z)ca% gcri s&ﬁﬁ%gﬁég’ E{éﬁé&gg&%ﬁ) zgg%@eﬁﬁt !légﬁal

pre}‘ St fh sgéﬂo@@lA,aBsea:g\ lDrBE ghdghuséwdd ot m’oatdlaai 160 %t ba;lgeahhe'lrgnegory )
wou oad sectors A, B, C. D E an WO not provide a cache
it The ombastiaReat therinsaliomiienices n pOOT SREDEC o5 SEF1ES RISIEED 1 ho
cachegpr ; [ ; t he hard
i okt he CRtiend: \EAATER o Ehe WiombP 1335 IeadBERi Xnd hef ] clothel post

mul ti medidatd td lse sgexd effectivetiescri bed above, increases the efficiency of the

h fetch i t tim th . di.sk . 10 Fi 3 t
an- oo ment Msspker. dBeLid Bl SRPRHE flE S GE At Ao0FE cache
Menory. (Acréasds tHe fitferf§CobPthe uaeRs pgéflfejtdﬁ hsal bpifhizes thel HaR Uiy | ocation

of the data on the hard di sk nmedi um step F2, the sector nunber

regi stersis&nd the sector count register are set by the host. The sector

Fa. e cacho! S Bt lapraroniat catiadffork Hiifle P THARII RO 68, (0 ook

to the dewrage ineditivpiosthercaiche nirheryl rom t he storage mediumto the cache
menory. On s':na) F4, the data are transferred fromthe gard di‘ésfk nedi umto
Yy 2

the cache me stepoF 1 Hher ecion riypbakis: Bitighsednibaivesihe decation oflhg t r ansfer
fromthe AT 0 | 8. : rqnunber is
initiali ggggCBﬁhtg va éedl%lg r@{bg”@a?é‘ gai@s Itf%’ethggr%?%tggg%rg?} Eﬁ%‘%%?é %Pdt he

sour ce ciuhsestegreont rédister asmdet bpthe hest. dhe 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 step 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 memory. 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.



the 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
sect or cowpto3wad7oe has t he same val ue as the source cachePsa@pPeni33ss ze. On
step G3, the standard ATA command Read UDVA is issued by the host. The
accesses are instantaneous as the data are already present in the cache
menory. On step G4, the ATA conmand is perforned and the data are 30

transferred f j : ' e ] ATA
it ace. i e BPrErBEaNE £ RULCRalice 1 ihd BIpRRY BBviODHetIRG AT
i nvent i oito eaneimbodimérineihthedinvedti@s/ad84gioés _RATNERORAlld8sEiptionFifghee 5

host devi 1 d t, i 2 di
ebod! eHOSbASVRE et ecsiOmas gRviEe e fost Feuke UBRIT ASIOEES he  host
devi cg a:%%rﬁ)ﬁéatfofﬁ%,?érpirn?éwad@ﬂ,'é@ideﬁd%umésg aflf\d Fille6VUMbUtSRP a storage 5

appl i cat 3, an interface 4, a video source 9 and a video output 10. The
storage device 2 conprises an interface 5, a multinedia file system®6, a

firmvare progeram 7, and a hard i s Y. The Hard di .asasenbly 8
ncl udes at I d88t SE%%Q%t%$Vé‘B% frec&%ﬁfsseggghg‘“gerﬁ%%d &y R iesid g gi ven
embodi merysteand, bhrnfegrRepief@ny7 andra Hard divkr sssEmisiptB:dTies hapdstlisks, it is
very convenient to be rovided with a storage device including a file
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di sk drive wi ﬁgﬁgsgéﬁefggggrﬁe'ﬁ@égfﬁf’ ?a?é*e%%r 15 V8 F‘E‘Qﬁ’@?‘es_ & bs. e
ooy RO A ¥R TSE IEOIRGTEING sybOAA IREE TR, e
as a st aemahlesna #ost hiogldcgess 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
calls 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 all 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 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
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 external 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



I ntegrated storage device where all the software that manages the files and
the hard disk assenbly controller is enbedded. 25 The hard disk nmedium8 is
i nt ended WO 03st7e6 vi deo data fromthe video source 9 or a0J/EPONEI3cslat a

provided to the storage application 3localled non video data or informative

data. The video source 9 can be of any ;{age such as a broadcast program
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standard i |§ also intended to be read by 30 the storage
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out put 10 can be an external connection to a TV set or any other nean that
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com ng fof dhet steraged deviseu? cda Ihevintarfadee 4hows tthe dvdsiedeviem ik andothet or e dat a
on the hard,_fdi slgj q:rt‘]vetS 5.t he %torage application 3 sends call conmands
to the miMErAERICLOHE SIUPIEAFVES Bf 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 streamfroma video 10 source 9.
The storage aphe starags applicationtdpreceikes \thigewidepr stagarmn frofe ahyideo di sk
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devi ce. dlsk dver8nti oned above, in the present enbodi nent, these interfaces
are conpliant with the Serial Advanced Technol ogy Attachnent (SATA)
standard. The SATA interface defines three |ayers: physical, |ink and

SATA | nterf aga TEamiernctlf A B BneliBE bl BF R B I MR e for
t he consemablevtirekeommunication between 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 layer 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 another 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



O her interface types such as for instance the Parallel Advanced Technol ogy
Attachment (PATA) can al so provide a high-speed interface but provides |ess
i ntegratiwpoBasi’héti es than the SATA interface. SATA i nt ePCaEPI2/$33desi gned
to be 25 transparent with the PATA interface. In another enbodi nent of the

I nvention, several types of interface ,could be inplengnted on the storage
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PCT/ EPO2/ 1336 11 t he sical ] ayer. whi are.conyerted t trol
signals to thihﬁr%ﬂ%ﬁﬂrf%ﬁéfé)ﬂ&r i Frame ﬁ&ggpa“c&ré%r &)‘freﬁe@- &558 zant of
the cont ephshfisdiod™ad dBSorhpossd ekelvareFISONdbstuGhE SidraBe! Akoicamt i on
Structures (FI'S) for 5 transm ssion and deconposes received FIS. Host and
st orage Henspert layesa sliffartin thajdhe saurcecwf the HIH gontant dffisce of the FI'S
content differs. In the given enbodi nent, the host device 1 and the storage
device 2 are physically independent. 10 According to a variant of the

enbodi ment, t e tisé gi\Mﬁeﬁrbmdimer&, el hbbedevViost1 drdfithe storage deviéoR i nst ance
on the same printed circuit board just physically separated by a
connectoﬁrePBY$ﬁ@||M indepeadents and the interface 5 are interface means
enablli)ng the transfer of renote call procedures fromthe host device 1 to
the Storage device 2. The interface 4 includes an APl standing for
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bet ween t he, host device 1 and. the storage device 2., In qrder ta he
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physically separated by 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 API 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 API is defined as a new FIS category. This FIS provides a
structure description that the API procedure calls.

The interface 5 on the storage device 1 decomposes the received FIS.
Namely, it extracts the API from the API FIS in order to transmit the API

30 to the multimedia file system 6.

The muitimedia file system 6 is controlled through the API, which
mainly enables the transfer of procedure calls between the host device 1 and

the storage device 2.



found that it would be particularly suitable to encapsulate the APl in the
transport layer. 25 The APl is defined as a new FIS category. This FI' S
provi des WO 03054706 ur e description that the APl procedure @®ariEPo2/Ti368
interface 5 on the storage device 1 dgconposes the received FIS. Nanely,
it extracts the APl fromthe APl FISin order to transmit the APl 30 to
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rive

The hard di sk contains, as standard hard disk drives, a cache
menory. Usi ng Thechaidediskrdbive 8 sontainsarast standarst batshdiskadrivesearcachedi sk

drive 8 |l ack of sustained bandw dt.h mainly, duri |t ple- 10

Fi gure 6 MYPPBsErRIEY £hCaMo JISIERY 1514 m@%mgﬁvrﬂ%wn#?ﬁéékheaﬁ%@a%e wite
cache cogiRe® labk ¢f susRinetMbawias Atinls dammd anligslelaecaspuf fer 22 via a
link 28. Buffer 22 is connected to a storage device 24 via a SATA

interface 23. The storage device 24 conprises a hard disk 26 and a cache

menory 25. Linl. [ Cld t; " and t he
buffép menory ?ﬂ?nétrﬁpgeastgﬂ Soéﬁn%ﬂp?agﬁ%ﬂtéfaﬂ%f @v‘égﬂ@@ "."Esge"@\@g %%MA
(st andi ngvrftelcachdlcorfmaihd.ect node access"”) node 5 at 100MB/s and thus can

conpri 51 ng pacierigal fYispueR 20 it oMy o8 buler 22,18 & b BTN <
(Mega bytbesisRennetk ' 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
“uitra 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
When 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.



to 4 MB/s. The Host device controls the SATA interface by sendi ng commuands
as described for instance on figure 1. 25 When video data cone fromthe
di gi tal TWoOgcs4es 20 at a high bit rate, video data are tPCarEPhpiizesl to t he
SATA interface through buffer 22. A swall buffer 22 (512 bytes) nmay be

needed to adjust the bit rat between the in ing f] ow and cache wite.
30 Thanks to a lWeihastyitete ?mﬁ@%eﬂeﬁa%%éﬁ%ﬁé@ﬂ@?m di rect
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The host sef’s the sector the sector count 1n order to be conpliant

W t h t he aBAWitienoor dine dard\Oisk3atothe 706atiT perRioUslB 868 by 1Be Tost kesicewr it es to

th h 512B b k at ' i ite h
command. 2MnaReFBTIREaAne crens rionbaRs TS bard BIskzs a7 e
hard gi slgngttrigdéredasipiicaiing RVERsIthY caehe yerhbg 2®st device 21. This
transfer, fromthe cache nmenory 25 to the hard disk 26 is automatic 5 and

triggered by the filling I evel of the cache nenory 25. Figure 7 represents

' Step Bt nb'rB: {rrehThsu ArEPIBBRENGR of the " o lirierignien Como

hard di slgurigithé Wrié icaele Bgnintend.i | e system nmanagenent nmeans. Then, on step
E2, the command is sent to the fi rrr\/\/ar?l to ingi cate to tgg fi rr%a&re t he
be siqe

sector number W#hé&tep Ed, freosectohaumacaWhae et 8@ 1o dan®sunt is
o o4 L SRR O B e, eoch L onerer The
the first sect dhehpontstep B2; theldethmare isaserd tofthe Hismsearedo indicate. toThe dat a
o e g e et FeciBE e i, 8T, B K Aol el )
the firmageracdirittis 86 Wt CTRRBAbIdS isdickting The sectdrenameBe ot aasand
transfer. The sector number for the following blocks of data will be the nhumber
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 greater than the size of a
sector, the sector number is also incremented, step EG.
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.



i ndicates the data transfer to the cache nenory. \Wen the cache segnent is
20 full or when it has reached a predetermned |level, the data are
transf er rwo i3os4706e st orage nmedi um on step E7. For instan®eT/BREm32%6

bl ocks are witten, 128KB of data ar® witten on the storage nediumat the
| ocation previously set by the file &Qtem Thi s operation can be
automatic, triggered by the filling B 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

al l ows the hodt toDevide (2lald) inctuindha stocdge mediomy (& 12,028) andtiisng t he

dat the st di umitsel f,..Thanks, to the high d.of . the ATA
br ot ocol aSagalsr Haehe muertbty Tt 26, akhSkeos eyt R IZraMobIG "ar' ve
My be Vgt -be/ G Ra4A0RaEThoEERY ih3wkEe mbleCthRiowgh the ddece (2,

11) including a storage nedium (8, 12, 25) and its associated cache nmenory
(13, 26) memdry $1r 26k bed hest device, (12515,b81 hpeing assadated withefilgccessed

in read npde or | | h by a
host devio¥® em%éf%’g\%%n%ﬂ?%@s &@sé@#‘%@eﬁ&%"ﬁﬁqﬁ?‘i tggeésgﬁskiéeﬁ#ﬁrrg)n g%e?ffent means
(6), chargyisioaded upantdontrol betheditd eystenpmanagdment fearss (6daded upon
control of the file system managenent neans (6). 10 2. Device according to

claim1l1 characterized in that the file system nanagenent neans (6)

assogpat ed W bh t NHARK adedtfify blaifpd chbkaGBiEEdin FATHE FEPERgYmPT ef et ch

during the acCésses in re vice according to clal

char act emarejementhaieand UB) rgsoeiattd Wihabeelssst déwicd i(1,215y21 poontolagenent
means (6) contains neag(%ﬁto s.eng gref etch commands to the cache nenory
(13, 26) CARNG MRINORPIEIRIAD SNHNE dhe acees588IP £829 {948 host device (1, 15,
21) fromthe storage nedium (8, 12, 25) to the cache nenory (13, 26). 20
4. Device according to any of clainms 2 or 3 characterized in that the
prefetch commi@nds devics acaenmling to claini 2 characierized e dbat dstinghesad

15 access, the file system management means (6) contains means to send
prefetch commands to the cache memory (13, 26) in order to download data
requested by the host device (1, 15, 21) from the storage medium (8, 12, 25)
to the cache memory (13, 26).

20 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 (8, 12, 25) of the next data to be prefetched in the cache
memory (13, 26).

25 5. Device according to any of claims 1 to 4 characterized in that it
comprises an interface (4, 5, 14, 23) compliant with the Serial Advanced
Technology Attachment standard or with the Parallel Advanced Technology
Attachment standard.

30 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.



storage nedium (8, 12, 25) of the next data to be prefetched in the cache
menory (13, 26). 25 5. Device according to any of clains 1 to 4
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with the Serial Advanced Technol ogy &ttachment standard or with the
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medi um (8, 12, are first stored on the cache 5 nenor 26) and
transferrswagemﬁedh@'l d&cre, @siovhen e caehe mempey (13, 026)9@1 iRg dn LhﬁS(S 12,

25) when th 26) filling in has reached a predeterm ned
| evel . reﬂfﬁ?qqaﬂgﬂ?gqgﬁ'{r}%@éjlgﬁ?lef erentially a digital television decoder,
10 charact erized in that it includes a device (2, 11) according to any of

claims 1 to 7. ) ] ) ] . L
8. Multimedia device, preferentially a digital television decoder,

10 characterized in that it includes a device (2, 11) according to any of claims 1
to 7.



