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MEMORY MANAGEMENT | N A RECEI VER/ DECODER The present invention
relates to a receiver/decoder, in particulLgyr to nenory managemnent

therein and data transfer therein. The invention finds particul ar 5
application in the | MEVIORY'MANAGEMENI! INA RECEIVER/IDECODER2l devi ces.
The term "recei ver/ decoder” used herein may connote a recelver for
receiving either - encoded or non-encoded signals, for exanple, .

tel evision a r L 0; SL.anal ich . e broadcast qr
transnitted Egﬁ és)cprrré?eglk h%& %)gnz?latvl\éhefot & ﬁ?%&ﬁr@%‘?ﬁ’éom}gﬁagﬁ ar ?% BEOTE
for decodi ng mensientet thereil and ERS dirsfRRS tHabeif.UC THeC GfViedGor Ctﬁfdadgaﬁic
i nclude a decoder integral with the receiver for decoding the recelve

si gnal s, $or applicationsinathg|interfaging of applicationprsgrams e physidalotesizes.f unct i oni ng

I n conbination with a physi cal |y separate receiver, or such a
decoder including additional functions, such as a web browser, a

vi deo recor deThe fim'réc¥iwyidsédder" dfed herein nhdy GorRbRAsefvefl sl dxfeééivﬁ%' ditfler’ ON
system received signals are passed to a recei ver/ decoder anQd thence

to a tel evi siehgoded or pen-gucoded signals, farraxamplentélevigionadnd/or radiot sigmmis, svldch
systent incl r | e any.satellite, .terrestrial, cable gnd other

system The ﬁ%ﬁP@%ﬂ@%ﬁ%%&ﬁe sl?ya_s%?rﬁﬂ?g %“Mggett% may s corpate a
20 tel myi Sipdecoi@nol désedidgecdiPEibRil® "ESBbdinidntd &fsﬁeﬁ‘}éceidgfrfi%%\éio th te

control |l er handset, through an"interface in the receiv The
recei ver / decdtelnde ¢ deseden imtegralcwith the receivendor decoding) the recsived aignady) dor

i ncludes a varie of appli.cation nmodul e i ch cause . he , )

recei ver / decod@FPt% lﬂegf SFACR RR%rt &P 8 a?‘gaf’? g\“‘%‘?ﬂm& HbF°F’|&PFﬂ?PPBn‘é’!"h a5
Such a recel siysidgipsparaleiectives of suéi & Bbobdef ird AL AIERMU FthokiBnd, onci? HE
as a card reader for the user to pass an authorization car tHrough
to confirm w WRb beowset.ca videe recorder, gs ertelewisimnt hori zed to use, a hand-hel d
recei ver1§ontrol wand, a video display unit, and a second card reader
for use wth bank cards to allow the user to perform hone banki ng
functions. |tnmay badsloasiavdirifal Vtldvision OfysRan,! Tescdvtdl % idr e XRTH] €,
a 30 nodem f or access tofgtlhe | nt er net }_’a_nd for conducting h%négggankl ng

t ransact i ons receiver/decoder and<thereentopa delovisiont set.prAs used hewein; thalern t"digitat a

receiver/ deccegighmtog éﬁe%"f fiicfudds tt%r example any satellite, terrestrial, cable and other-
system. The receiver/decoder decodes a compressed MPEG-type signal into a
20  television signal for the television set. It is controlled by a remote controller handset,

through an interface in the receiver/decoder. The receiver/decoder is used to process

the incoming bit stream, and includes a variety of application modules which cause

the receiver/decoder to perform a variety of control and other functions.

25  Such a receiver/decoder may have a variety of devices coupled to it, such as a card
reader for the user to pass an authorization card through to confirm which services the
user is authorized to use, a hand-held receiver control wand, a video display unit, and
a second card reader for use with bank cards to allow the user to perform home
banking functions. It may also have a variety of ports coupled to it, for example, a

30  modem for access to the Internet and for conducting home banking transactions.

It has been proposed to provide the capability for a receiver/decoder to interface with
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a variety oYOd"¥%t ent ports, such as a nodem a serial chanREFIBR/EH0,) | e
channel , an MPEG (conpressed and coded video signal) channel, sw pe
card readers, and so on. The recetdrer/ decoder includes a virtual
machi ne which_inclu a run-tine,engine, - . The vjrtual hine is
coupl ed to fﬁ%&@gﬁ%ﬁ%%rpoﬂﬁi %’I‘fhia§g‘irﬁ°@‘?5?’rf‘ é‘?%‘bf’gﬂmf% atl??éaneri%ﬁm’ﬁﬁﬁ’i cal
| nter faces qipEeR(asfip édﬁﬁlﬁéﬁl?ehszi&oasig&y BB w2 dar rdlbé i 0 on.
The present 1nvention is nore particularly concerned wth a

r ecei ver/ decBhterechivei/degoder includesmie virtuatomechine whicht inoludes diuedind enginer e
coupled to orts or.devic qugh whi ch i nformation

. th
can be passechie BryALmARRF it eoupled 0. iPvire ManagesSvingy is M turn coupled i the

the varigpus ﬂh??i‘cél Hieoefacel of ﬁ@%oﬁé‘éﬁﬁﬁbﬁ%&%&ﬁ@s irﬁr%m\?er in data

I ds°recei ver

rates roma few bps (bits per secon or a

control wand to many Mops : (for an MPEG bitstream. It is therefore
usual to prqyide a device nmanagenent, nmodul e, whi ch,in effect forns an
i nterface bgﬁ\ﬁe@ set“ﬂé“"&ﬁb?’? WBW%GHP"&" Witk a receiyqridecadpr haying,, s

the appli caty I e \ LA d | |
oAUl & vi Sherors s POl mOMIR whichiry coupled o SRER, ARrEbit GPUNRRs
t he transni tkiough wdiieh tfomedtionrcapdegpastedrio dnd fomm diel epplization tvelubesndi ti ons
I n the receiver/decoder. For the reception of information, however,
the trafnmission rate 20 wll often be determ ned by external conditions.

T id | Lt | f i ' dul
0 avoi 0|5[1)§/ g:éf&ecﬂflg ége’ gﬁc%ug I']vloﬁta have diffE@| BhfictekiBesd &% ﬁﬁn{ﬁﬂ%m@ ute

wi |l normal arrangenents o that 't Re i ncom ng

i nf or mat i on (fremsa femelpsi(bitepdrstéand) fortd hantlField meceiver cogptrol wand &pmany Mbpsn
nodul e 1s ready t t it. S The devi ce managenent .nodul e ma
Conveni ent | $Htbea SO dilstreiil 1 s Sperelis el do Brovde 3 QSYPRSABESBIN e s,
so all owl Ng idditd RhRnGRNEIAL fthls b RidRINYBARRICH (1S PARAbA tnodules and the
application nodul es, the device managenent nodul e, d the ports.

The badiSc ppprisi dhis diovsuthe application médnlesctodievsimptiBedder is that a nenory

section in 30 a nmenory is designated as a buffer. Incomng data fromthe
port is fed into the buffer, and the application nodul e reads the

i nf or mat i on Wh&imadh hgphdatio 'modROSishd30to send in®dinfatichURBWANGEEA YehsblOUbf er
size may be chosen to be | arge enough to accommodate
control the transmission rate and other parameters in dependence on the conditions in" -
the receiver/decoder. For the reception of information, however, the transmission rate
20  will often be determined by external conditions. To avoid loss of information,
therefore, the device management module will normally include buffering
arrangements so that the incoming information is stored in a buffer until the receiving

application module is ready to accept it.

25  The device management module may conveniently be designed to define or designate
a variety of buffers, so allowing flexible communication arrangements between the

application modules, the device management module, and the ports.

The basic principle of buffering in the receiver/decoder is that 2 memory section in
30 a memory is designated as a buffer. Incoming data from the port is fed into the
buffer, and the application module reads the information from the buffer. Depending

on circumstances, the buffer size may be chosen to be large enough to accommodate

T
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nost or all incom ng nmessages, or the buffer may be operated cyclically,
W th two pointers, one for the poinB-where fresh inconming data is
witten into the buffer and the other for the point where stored

data i s read MoshPt AW IRcAMRIAE messagesc v e buffer may be operatesoeyclinalijat wish two

devices i s noj.. i bl e c e sqnewhat.. 5 nr.esponsi.,ve
since a buff ebmﬁ%zgséﬂeof%gﬂ%jpﬁﬁgﬁgé g’ﬁéh %P%%%ﬁ%‘?és a‘g{tffnclg?? g’& ‘?“3%6 and
from that buffiRrother Fo© e poin®Where stored datal i réf@i fromi MeCbufiidte Hh@ﬁﬁﬂ&ent
I nvention is to provide inproved nessage handling arrangenents I n

systens of theoramypicatignpbetwegn devices inmod passibley and ¢he system tcain rhee samewhat

et vi ngS mos iaisgisHE” SHEE a BHTRE efi i b et oy por? el dhta da G fead '

(first-in-fir fomPthad befFét toCihother port. at | east one application
nodul e; and 15 FI FO control neans coupled to the or each port,
the nenory and the or each application nodul e operative in response

to a nmessage ,ZB ear.i ng_at a}?port to wite the .. .hessage into the FIFO
section of th ‘?ré’i‘ﬁi? n®f 15 Present  iR¥entons .t proyide; imapreyechmessage handling on
of the ménorya@isehfniin %h%%ffiﬁéam%eor to a further port. 20

This can allow for efficiént passing of € inconing nessage to an

appl i cat1@n nodul e with mnimal interference with the operation of
the applicatign dule. Unlike,in | previous, buffering systens, data
transfer is U‘gﬁ“éﬂ&t“ﬁb thsRressnt veptigropEyides resgiyge/decoder Comprising:o
controller, and noj§ le%egyBﬂ fof RN in®f plication. 25 The FIFO
control neans is preferabl arranggzw%lgnll%%%%g’te the reading out of a

message from the R BE@mueytincudinf at REFOréfirst-yn-fiestsat)dseaign;i cati on or to said
further port hefore recei P‘t of the nmessage is conplete. In this way,
a continuous fl ow Yfleast one applicatippRodMe a6kt or device, to another port,

or devic may be ' | r ta. r Lye m_an EG
source dg%/i ce may E?@F?%tgﬁnqueagﬁ?rc g‘é?ch)l/ t? ﬁ@%‘gh pgﬁm e@gﬁg& &J%%tq{c?ﬁf any
i nput from arappfipdtionanodule operative in resporist 6 a Bwsape lappEing af@pobodriRiaed
to flush a massage f rog; tﬂ? FI FQ secti on.

message into the FIFO section of the memory and to read the message from the FIFO

section of the memory-out to an application module or to-a further port.

20  This can allow for efficient passing of the incoming message to an application module
with minimal interference with the operation of the application module. Unlike in
previous buffering systems, data transfer is under the control of FIFO control means,

or FIFO controller, and not under the control of an application.

25  The FIFO control means is preferably arranged to initiate the reading out of a
message from the FIFO section of the memory to said application or to said further
port before receipt of the message is complete. In this way, a continuous flow of
data from one port, or device, to another port, or device, may be maintained. For
example, data received from an MPEG source device may be streamed directly into

30  a video device without any input from an application.

The FIFO control means may be arranged to flush a message from the FIFO section.
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This can eMsp99%10He processing of the information flow to bePGHIBAIRd in
the case . of overflow of the FIFO section. The FI FO control

means preferably includes occupancy detedtor means, or an 5 occupancy
detector, for detecting the state qof occupancy of the FIFO B The occupzeancy

det ector medmis parycRAblGthe RIQRSSFING B ShriiniprRation fipvs fo bpanainteined i theeas
further tﬁ%@%&?%ﬁ%ﬁ se%ﬂgn.t hreshol d of i npending overfl ow and
, ] i'S

under f | ow off can enable the FIFO controller to send
sui tabl e control nessages to the source of the nmessage being received
by the FIFO section and/or to the _destination of the ssage 10 . being

recei ved by TheeFEi@vontiol jrapans preferably Tinaludes-ocounancy, fefReior: BIeaRS: s&F a0

plurality of FILFE fe i ol I ) gﬁ%'ea

respect i5ve QF?}}PQ%%E*S&% dgertéééglﬁétﬁ%aér:sq)%%%? ?(E)‘ﬁjpﬁnecn%fthg?ﬁ?Fgmé o‘E rggi ster
control | ers defbetor means gy dewey sverBywl diid idterflow | dfcthe FIBOS fand m#c furtder and
t he receiver/decoder further . include buffer control neans, or buffer

control | er, deisetattleast onsthreshgldhafdmpendingwyerdloaw and undegfloye of thedF1EO- aTsr t t o

wite the nessa | nt by f secli he: i
response to can Stg%tl? @TCOFSI?: g%ﬁ nﬁ?ﬁlggn%oa%%g 6 %??bgéf {n{;)h:ld %%8{% s '?(?)(a}ée%gr q[ehoef tﬁ%s sage
from the 20mesfistitRing Reéived Bpd EFO SittibR dtid/er to thesdestimationalflthe fressage

exanpl e, an application to determ ne whether a received nessage is to
be pl adéd i bemgaeedived by therFIFQ sesionon or the buffer section
dependi ng on the nature of the nmessage. ' The buffer section may

conprise two buffers areas defined by respective buffer 25 registers in

the buffer q@BtFIPD §eetibh maghiemprise £ pairhktyt SEFIRO baffexscanidr the | FIFO corttendgl e
nessages between the two buffer areas. The, buffer control S may

be oper abl e meansmgycomnTisa  1eeREEUYH PINALEN of FIFRJsaistsy control means, gf i s

directed into.tgre(:r '[U?lggtly sel ected buffer area and is then swi tched 30
bet ween t he “TERCTHITF S St eas as. each buffer area in turn becomes full. The
buffer 15 control neans may further be operable in a datagram node in

e g era may diher gcios Ao 3505on, 5nd P Ec2fvelfabdbabd Furklc®
include buffer control means, or buffer controller, operative in response to a message
appearing at a .pox’t to write the message into the buffer section of the memory andin -
response to a control signal from an application module to read the message from the

20  buffer to the application module. This can enable for example, an application to
determine whether a received message is to be placed into either the FIFO section or

the buffer section depending on the nature of the message.

The buffer section may comprise two buffers areas defined by respective buffer
25  registers in the buffer control means. This can enable the buffer controller to toggle

messages between the two buffer areas.

The buffer control means may be operable in a bit stream mode in which an incoming
bit stream is directed into the currently selected buffer area and is then switched
30  between the two buffer areas as each buffer area in turn becomes full. The buffer
control means may further be operable in a datagram mode in which the length of an

incoming message is compared with the free space in the currently selected buffer
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PCT/ 18991006@'899,5102 area, and if that space is |ess than 51% of
t he nessage, the ot r"ler buffer area is sel ect ed. P ﬂeﬁ/ﬂ&tsﬂ

recei ver/ decoder may further include a vidgo device application unit fed
fromthe 5 FI FO section and feeding a video chip unit which is also fed

with a video Pid shiG8Mat space is less ﬂ%ggxg%% g?‘ W@ﬁ%ﬁﬁg%ghgﬁﬂ%%ﬁﬁg? ated oigan q

br oadcast system conprisihg a recelver orement| one
means for traeketedti ng nessages to the receiver/decoder. 10 Vari ous
functions of the receiver/decoder nmay be inplenented in hardware, for
exanple in a dedicated integrated circuit; this may provi de enhanced speed

of Operggy ,:eﬁaveﬂ?a&t,aés,g@%%‘lr&ei@ﬁé de f{}p&&&éﬁei@iﬁg&c%oﬁ 88 kbR

are inpl enmen pretrerably run rocessi ng

whi ch rurs t HF@psEctiontand feedingha videblohisunit which igratset £4d viltle ¥ividdol bivstream.
requires | ess conponents, and allows the receiver/decoder to be 15
updated nore readily. A receiver/decoder enbodying the invention

Gir avi ngs. 1 n i SainySioisddxtens o o BXARRESEeyeldid Lo iShe BiechReibthder o
t he recei ver /xafadmentioned and mEagufoe tranérRittin méage@&l tHel reediveliegpb@er of t he

recei ver/ decoder; Figure 3 is a sinplified block diagram of the
nmessage nmanagenent systemin the 25 recei ver/ decoder; Figure 3A

I's a norg detpid@d RinBféndbf W BdlvetAScdle? RYF vIBRAIGHER S¥ it vare, for
example in a dedicated integrated circuit; this may provide enhanced speed of
operation. Preferably, however, at least some of the functions are implemented in
software, preferably run by processing means which runs the applications; this allows

greater flexibility, requires less components, and allows the receiver/decoder to be

15  updated more readily.

A receiver/decoder embodying the invention will now be described, by way of

example, with reference to the drawings, in which:
20  Figure 1 is a schematic diagram of interfaces of the receiver/decoder;
Figure 2 is a functional block diagram of the receiver/decoder;

Figure 3 is a simplified block diagram of the message management system in the
25  receiver/decoder;

Figure 3A is a more detailed block diagram of the message management system

showing the buffer sub-system;

30  Figure 3B is a more detailed block diagram of the message management system
showing the FIFO sub-system;



showi ng the buffer sub-system 30 Figure 3B is a nore detailed bl ock

di agram of the nessage nanagenent system showi ng t he FI FO sub-system
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Figure 4Ais a sinplified diagramof a bfffer register unit;

Figure 4B i aS| Lified am of Oregister unit; and 5
Figure 5 i ssF 5% 5’&?@% g% ‘Pfa(ﬂ/\ﬁ?&%' WESCRYBIthandl i ng system can

i nt eract vvlththe mai n I\/PEG bitstream Referring.to Figure

1, a receiver/decoder 2020 or set-top-box for use in a digital

i nteractive Higire vilBs ison simpdifiechdiagram hf reFIRC Hgystetapiig taed.  Det ai s of a
gital 10 interactive tel evision system may be found in our
appl i cations PCT/ EP97/ 02106 - 02117, the disclosures of

sui t abl e di
co- pendi ng

whi ch alse Ngisid 3 RGPLREE Altha ¥howing how MmENGFe hgémmga@&e&f cdnSfdrfaC e

parts descr
are gener al
speci ficati
speci ficati

2020 i ncl udk%faﬁﬁgrta'mg&;etf 2 JBREHEAdeY 2090 (oI EL- tojso&ﬁ(afor ol igilig VPR

signal flow

i'n nore det o or enen SPEcCi
wittdthei maiatMBEGybitsheamef er ence nuneral s used in those

ons. 15 As described in nore detail in the aforenentioned

I ons

ons, referring to Figures 1 and 2, the: receiver/decoder

i al er’face a paralle

card reader $ntéfadfive televidion systands tsdmmhtib@lrlyrﬂeﬂcﬂedr tDethild bEassuﬁitﬂmcﬁgifhlone
for bank 20 cards l(used for meking paypents, hone banking, etc). The

r ecei vaP/ deSBeR@FUYR Sl6

i ndi cate pr

producer. Thefereacei Emdadecbﬂ&remdespamdascmbmnm&ardeﬁxhﬂ{liﬂgﬂofe&nenuoned 4008,
a Devi ce Manager 4068 and a ngsr lity of Devi ces 4062 and Devi ce, Drivers 25
4060 for rufRfCHIFAHARS gFc gepea

15

20

25

30

eferences, etc EVISIOH Sl gna

eplg&gtpg Alags geference numerals used in those

specifications.

As described in more detail in the aforementioned specifications, referring to Figures

1 and 2, the receiver/decoder 2020 includes several ports; specifically, a tuner 4028

for the MPEG signal flow, a serial interface 4030, a parallel interface 4032, and two

card readers 4036, one for a smartcard forming part of the system and one for bank
cards (used for making payments, home banking, etc). The receiver/decoder also
includes an interface 4034 to a modemmed back channel 4002 to the television signal
producer, so that the user can indicate preferences, etc back to the television signal
(programme) producer. The receiver/decoder also comprises a Run-Time-Engine
4008, a Device Manager 4068 and a plurality of Devices 4062 and Device Drivers

4060 for running one or more applications 4056.

In this description, an application is a piece of computer code for controlling high
level functions of preferably the receiver/decoder 2020. For example, when the end
user positions the focus of a remote controller on a button object seen on the screen
of the television set 2022 and presses a validation key, the instruction sequence

associated with the button is run.

evision WFF@NJGB%Y abe | fovadf élbeoﬁow'ﬂe@d&lgmﬂéhﬁé@nﬁack
channel 4003 f‘@ﬁOﬁﬂkeV' Z‘ closures ofP REHIC Gfe h?l%lr} %ar%&gteﬂsﬁ%gan




In this description, an application is a piece of conputer code for
control | i ng Wi | evel functions of preferably the recei r
2020. For eggggﬁgrn&hen t he end user positions the focusﬁg?ﬁgﬁﬁgﬁgte
controller on a button object seen on the_gcreen 30 of the television
set 2022 and presses a validation key, the instruction sequence

associ at ed wi Ah ihteractive applidation phoposes menus and/Exédfted t8minands at the request of
PCT/ 1B99/ 00650 ) T G An
interactive applcPd esiandarapderdataselaied do theaupereef thoapnlisationit Applicatingsest

of th ' r.el ated.t o t r th

appl i cati on. %Rggfﬂfgﬁggés}fheﬂ{ & ﬂlgﬁﬁ?‘?‘géﬁ%|‘§ﬁ3?f%€é2?%"eﬂ?m§38ﬁp?@m 5 ,°(a?eﬁat
i's, stored i mdreolBENmehory) AftteQecaivdififecoder 2020, W2 brolcadt'2h dERARIaEd Rito t hE
recei ver/ decoder_ 2020, _or broadcast and downl oaded i nt o 5 t he RAM or
FLASH nendry e RAM e-ERASH mameny of theorzociver/decoder 2080pl i cati ons are st or ed
In menory locations in the receiver/decoder 2020 and represented as
resource files. The resource files conprise graphic object description

unit files, vapplidations brockorddiih hichRty JoBstidndCin @ §8&Ek?e?/a%c$dek??020 an
application files and 10 data files,” as described in nore detail 1 n the
above- ment i orfépresefitedas s9sewice ifides: | The resource files coppriseegraphie objtet deseription

tai b t | FLASH | . . d ROV
S ume bur ke Al 985eidk o, Bol e 1GrucPioh seilents it meplisstioraies and
or gani zaj0 on.datd €163 a0 ddscriBad fntobe et} ifl e Qf‘d%hﬂéxﬁioﬂ@ﬁ?ﬁbény ?ﬂéémtio?% .

associ ated 15 with the various interfaces. Fromone point of viIew,
menory can be regarded as part of the hardware; from another point of

iew, the me rded a . rei or_. cont ginj t he

ol e of e Byeeeat ahiehFhngins BemonaiviBRUlSY & RO Vonsead i ASH volime

recei ver/ decamdr a (ROM &ohggé)r Badtis _Iﬁ@gg&megrga?iﬁgﬁ&_y s tdishce Tedh ethdOfBical
0

form ng 20 part of a virtual machine 4007." This is coupled t
appl i cat i ons Q@@aEzAtion; dEhe memorhmgly further be divided intocmemony stolunrestassocidtidr

side (the "l w.slde) .. viagvarious internediate | ggi cal upits
di scusse beﬁ%fvt\l} ﬁ}‘éﬁ%{ﬁéh %géfg‘?c\?%r Frem o5& rpof'fg rogv\‘fé‘?% tﬁﬁ @19m°rﬂ9én%% regarded as
recei ver/ decquer ofthiedvirdwaren frofe ah&i@iar g@ﬁt 3% vidw, tdithembALcHADE %'%:r@&f Lg as
di scussed above (the i nterface 2030 for the handset 2026, the MPEG

stream i nt er fSHBROTHDG O copfaimmg theswholg|ofithe systen shaws @pant Hronp sheahardiware.
I nterface 4032, the interfaces to the card readers 4036, and the
i nterface 4034 to the nodenmed back channel 4002).

The receiver/decoder can be regarded as centred on a run time engine 4008 forming
20  part of a virtual machine 4007. This is coupled to applications on one side (the "high
level" side), and, on the other side (the "low level" side), via various intermediate

logical units discussed below, to the receiver/decoder hardware 4061. The

receiver/decoder hardware can be regarded as including the various ports as discussed
above (the interface 2030 for the handset 2026, the MPEG stream interface 4028, the

25  serial interface 4030, the parallel interface 4032, the interfaces to the card readers
4036, and the interface 4034 to the modemmed back channel 4002).

With specific reference to Figure 2, various applications 4056 are coupled to the
virtual machine 4007; some of the more commonly used applications may be more or
30  less permanently resident in the system, as indicated at 4057, while others will be

downloaded into the system, eg from the MPEG data stream or from other ports as
required.



Wth specific reference to Figure 2, various applications 4056 are coupl ed

to the virtual nmachi ne 4007; sone of the nore commonly used’

appl i cati orYOA¥§108e nore or 30 |ess pernmanently resident | RCTRRI9406Y0em
as indicated at 4057, while others will be downl oaded into the
system eg fromthe MPEG data stream or &om ot her ports as required.
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PCT/ | B99| 006ERs virtual machine 4007 includes, in addition to the run time engine 4@08, some

The virtual ' w&{ u‘qﬁ)g s | 4 u % ' 4008,
sone rr@ggléﬁggg% [ élparly s'f unct\?’icl)lglsl%g%é %?é:lﬁm% Eg?strjdghg 11t oo$ %%& 58.
The |i br ary miso¢llnesus functionsnin ¢ tinigasgeoused byrthe iengine 4008 Thegpliagade data by
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20  As will be described below, there are 3 forms of communication from the devices
4062 up to the run time engine: by means of variables, buffers, and events which are

passed to a set of event quenes.

Each function of the receiver/decoder 2020 is represented as a device 4062. Devices
25  can be either local or remote. Local devices 4064 include smartcards, SCART
connector signals, modems, serial and parallel interfaces, an MPEG video and audio
player and an MPEG section and table extractor. Remote devices 4066, executed in
a remote location, differ from local devices in that a port and procedure must be
defined by the system authority or designer, rather than by a device and device driver

30 provided and designed by the receiver/decoder manufacturer.

The run time engine 4008 runs under the control of the microprocessor and a common
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20  The engine 4008 comprises a code loader to load and download applications 4056 into
the receiver/decoder memory 2028. Only the necessary code is loaded into the RAM
or FLASH memory, in order to ensure optimal use. The downloaded data is verified
by an authentication mechanism to prevent any modification of an application 4056
or the execution of any unauthorized application. The engine 4008 further comprises

25  adecompressor. As the application code (a form of intermediate code) is compressed
for space saving and fast dpwnloading from the MPEG stream or via a built-in
receiver/decoder mode, the code must be decompressed before loading it into the
RAM. The engine 4008 also comprises an interpreter to interpret the application code
to update various variable values and determine status changes, and an error checker.

30
Before using the services of any device 4062, a program (such as an application

instruction sequence) has to be declared as a "client", that is, a logical access-way to
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unexpected events.

20  As noted above, the main loop of the run time engine is coupled to a variety of
process sequencer units, and when the main loop encounters an appropriate event,

control is temporarily transferred to one of the process sequencer units.

Thus, it can be seen that the receiver/decoder provides a platform having considerable

25  flexibility in enabling an application to communicate with a variety of devices.

For present purposes, devices and ports are equivalent. Application modules need to
transmit and receive information; that communication may be with devices (which are
generally local and closely coupled to the buffer management system), or with ports

30  (which are generally coupled to information sources which are remote “and/or
- independent of the system). _The term "port” will be used from hereon to include

devices.
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bus 24, an address bus 25, and a control bus 26 to a nenory 13.
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and FI FQ© ar enfingetigntanddiland| eetdins AeStétdidrs 18- aA® 1969 -fofe J]ﬁﬁ§?ﬁe a

FIFOis set up by a command which defines its Characteristics (nenor

| ocation, si Passagsof messages HaughnthediuffernilB4B bud theadRIF@s I3E eespebtivdlpr or a
FI FO has been set up, it can then be used by ports and applications
by the use of the procedures described above. Consi dering first

the handling anffer@amgmsam%bm%taﬁa headled ke bRYEABT the RaE WRtyS Attk@er ra
buffer menory 13-B includes two buffer areas 30 and 31 (Figure 3A), vau ch
are 20  def FREQ inget up hyacconmymand whish defgesitsechapriteristie (memdoBlotation, bizkf er
addr ess jsgontr i - 4 j buf con ler .14-B in the device
manageme1 %t mgg:bﬂ %1'&1‘%1 Sﬁ%arb'u% %ljra£| edt BGne %.%'ﬁ{ﬁ?rcﬂr pé?ﬁ@bnhqs &Ry 88FiUPe 1t FR nt
modul e al so denised by parts and applicatiohs 8P tHE1usdof the procedlfisdeksritidacabave S er
address control unit 34. A data bus 36 couples al'l the data paths

together in the device managenent nodule 11. 25
Considering first the handling of messages passing through the buffer registers, the

buffer memory 13-B includes two buffer areas 30 and 31 (Figure 3A), which are

20  defined by respective buffer register units 32 and 33 in a buffer address control unit
34 in the buffer controller 14-B in the device management module 11. The buffer
controller in the device management module also contains a control unit 35 which
controls the buffer address control unit 34. A data bus 36 couples all the data paths
together in the device management module 11.

25
With reference to Figure 4A, each of the buffer register units contains a number of
address registers 32-1, 32-2, ... 32-n. These registers include a top register 32-1 and
a bottom register 32-n, which are pre-set and define the top and bottom of the
respective buffer area in the memory 13, and a pointer register 32’ which points to the

30  point in the buffer area at which incoming data is to be written. (Thus the pointer
register 32’ points to the boundary, in the buffer area, between the part which contains
data and the part which is empty.)
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The control unit 35 has_two nodes of operation, depending on whether the
incoming  managemsnigeoduie 31 pelects thatport 40 and therapgrepriate applicatiommedweder ol

unit 35 i nclé.HQec%nge nolgf}ﬁaﬁﬁérem or elenent or flip-flop 37 which selects
two bu )

whi ch of th er areas’ 30, 31 is to be used. For a bit stream the
control unit 20 @ 35 directs the incomng bit streaminto the currently
sel ected buffer area 30 until it is filled. At that point, the

cont r ol 1uni {Thgzorfiahumt 33 flas Sramodes of ererafiane deRsndinizetrb Whetyr the incorpigg
sel ect the Qﬁéﬁﬁqqufa‘ctﬁf Sﬁ§?°€ﬂ‘?‘?§‘ n irects the bit streaminto that

buffer area un rea is filled. It then selects the
first buffer area 30 again, and continues to switch or toggle between
the two buf fT%re c%;lterglsmllji? %i‘Slinéhqgesbeil i[)mi;['yr gﬁggtgrnglsemerzltSOr flip-flop 37 which selects -
which of the two buffer areas 30, 31 is to be used. For a bit stream, the control unit
20 35 directs the incoming bit stream into the currently selected buffer area 30 until it is
filled. At that point, the control unit 35 changes the state of the selector element 37
to select the other buffer area 31, and directs the bit stream into that buffer area until
that buffer area is filled. It then selects the first buffer area 30 again, and continues
to switch or toggle between the two buffer areas until the bit stream ends.
25
It was said above that the control unit 35 selects one of the buffer areas 30, 31, directs
the incoming bit stream into that buffer area 30, and so on, but it will of course be
realized that that statement is in simplified terms. In more detail, the control unit 35
in fact selects one of the two buffer address register units 32, 33, uses the pointer
30  register 32 in the selected unit 32 to select the addresses in the buffer area into which
the incoming date is written, and toggles between the two buffer address register units

32, 33 as appropriate.
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i ncomi ng nesamétethen edfrpares thd) freb spicer vahie a4thdBe 1eigth of the datagiain, dnd ifftke
dat agram node, neither buffer area has sufficient free space to accept_ the
i ncom ng ms@é&&@ﬂ@gtbﬁé Foaecthapnthat freg space valwsadt changps dhe slales gfdhe

reception o5 etdiinp! r r . ﬁ-{: ;ggl e recovery action can then
be taken, forselg'f(ﬂg?m?}e, l?'3‘7qg.s§lgf |§g°tﬂ?é(i)lrb retransm ssi on of the nessage if
that is possible, or resetting the systemto 25 the state it was in

before the sa recepti on began,
20 m',:i?, in%ﬁe b?t str%am mode, the incoming message overflows the buffer areas 30, 31,

or if, in the datagram mode, neither buffer area has sufficient free space to accept the
incoming message, then the system enters a fault mode in which message reception
_ is inhibited or aborted. Suitable recovery action can then be taken, for example,
calling for retransmission of the message if that is possible, or resetting the system to

25  the state it was in before the message reception began.

Thus, for a bit stream, the incoming message is directed into whichever buffer area
is currently selected, and if the incoming message overflows that area, it is
automatically switched into the other buffer area, with the switching between the two
30  buffer areas being repeated if necessary. With a datagram however, the complete

incoming message is directed into a single buffer area.
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ports to applications, fromapplications to ports, and between -
appl i casi onWithsifergnes torRigure4B, epglr piths FIFOppgistsr units 41 contains 2 number of

address registers 42-1, 42-2, ... 42-n. These registers include a top register 42-1 and
a bottom register 42-2, which are pre-set and define the top and bottom of the

respective FIFO area in the memory 13, a write pointer register 42-3 which points to

the point in the FIFO area at which incoming data is to be written, and a read pointer
20  register 42-4 which points to the point in the FIFO area from which already stored

data is to be read.

Considering the device manager generally, therefore, messages can be passed from

ports to applications, from applications to ports, and between applications, using either

25 buffers or FIFOs.

Buffer usage is controlled by top level applications. The system is event based; that
is, when 2 message is being passed to a top level application, the application awaits
the receipt of a "buffer ready” message from the buffer manager 14-B before taking
30 any action towards reading the contents of the buffer. With this arrangement,
independent communication between ports is not possible. Further, the system can be

somewhat unresponsive, since a buffer needs to be filled by one port before another

HI
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port can read ﬂPs Igcg)nsfeﬂrl] Jisage is controlWit Rylé}‘%gsm ﬁ%ntfi)s!albtgts' é3 c,antthFoﬂFé?i by
t he FI FO contdoatrolier érshahdler 14tHe Infofration is wriéiint® lal FIRCO40 Bad g4 outdoftit
Information is witten into a FI FO 40 and read out of it 5 under the

control of t H&derthecaatiel ofithe KIRO handen th-Fginchdingdthe cersespondipgHIEO aontriol oI
it 43. Datag_t | t h he ,,Fl dl

14-F i not oad it 45" DEh elelel B Gricie Me e cu el e BfbQ masaler KPERgle

i nformation GEbeingajontrelled by ehe applicationdiZ, e.&ts{rlfatﬁmﬂniﬁ& Ef thérefdte fﬁﬁv

wel | as between a gort 10 and an application 12. Data 1s witten
into the FI F@lmgﬂh gtwresadwprpomtsi 10, @s wejl ashestwest epandl(}mdjalpappimatlsn 12.
42-1 and 42-2. These pointers are controlled by the FIFO handler 14-F. This

al | ows the reading and witing of the FIFO 40 to be carried out
i ndependgnt | YDatd ievritten ihtéehe FIFO 40P24d el ﬁémqpaélhg %é %té%n&l%‘a% ﬁ@h tdrgve
to have any infornmation regarding the origin he nessage” bel ng

read from t héd2rl g 42-2. TFhese pmtemgammonubllembpmmnmdam W6F. Thisalldw© 40

Teter ved ana S (oepE R b R e b i ond Faagely e i, the
continuous flpew 10 or a Tcamcﬂfma&dmﬂave@@hww%mﬂﬁ%nrﬁgéu&getg in

information fromthe FI FO 40 need not be conti nuous can
be stopped ald themsssage deingtread from the. FIFQ 0. Tﬂ@a'eﬂdlﬁ@duanﬂlmformmtﬁx ﬁhm:ks

1 Eo borom SYPSCLRQH OB S0 A bbb il

The precise meseihed and wd‘itt&hnﬁo A BIF® 405 THS raﬂbﬁ@ anﬁ‘bsﬁﬁﬁﬁ[sd cOftinul8s flow
particul ar use ing made of it. Thus a FIFO 40 can be operated on a

singl e rressagén}fa’ﬂ%m‘%f’tbﬁ achieved. { Fhe reading out O%MBMBQF@?\M) neeh |
he FIF | t
oycti carly, ot B pERARHE RS reddh Cahe Kopeq i3t rp-Sied g,y Y, °° °OPCr 2

20  The FIFO handler 14-F checks that the information being written into the FIFO 40
starts at the FIFO bottom address and does not go on beyond the FIFO top address.
The precise manner in which a FIFO 40 is operated may depend on the particular use
being made of it. Thus a FIFO 40 can be operated on a single message basis, with
the start of each message being written into the FIFO bottom address. Alternatively,
25 a FIFO 40 may be operated cyclically, with the start of a new message being written

immediately above the end of the previous message, and the top and bottom of the
FIFO being treated as contiguous.

If messages are longer than the length of the FIFO 40 or a message starts to arrive
30  before the previous message has been fully read from the FIFO 40, there is a potential
danger of conflict. The FIFO control units 43 monitor for such conflict. In the event

of conflict being detected, the FIFO control unit 43 may of course send a suitable



| medi atel y above the end of the previous nessage, and the top and bottom
of the FI FO being treated as conti guous. | f nessages are *

| onger thaW@A¥SI%hgth of the FIFO 40 or a nessage starts tol’ﬁ]”gﬁ?éo“ﬁ?
before the previ ous nessage has been ful read fromthe FIFO 40, there is
a potenti al danger of conflict. The FI FO control units 43 nonitor for

such conflicgt. l.n. vegnt f confligct bein etect .he Fl FO
control uni szféolr’r%%g agft%cﬁ(;lgrsglelr €e? dﬁlg rg&ﬁl%eofeg a porlglﬁl), tfie \7%%%‘}1%5 1+
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control signal to the source of the nessage (eg a port 10), the destination
of the nmessage (eg an application 12), or both. An act ual

conflict arisses.if. the.wite Lnter, reqi,ster.42- atches up wth the read
5 poi nt er PRl onjlict Arises Hf) #‘et%terpggﬂerpﬁlgﬁfeér%'%é’la@ﬁ uﬂ%p% @ﬁ?ﬁ s up
W th the wphbidter register RLA & iftRErdddSPoifltér %%ih\swzﬂr catéﬂ%QtL@if@lQHé‘Wrﬁh uni t

43 may be arranged to detect potential conflicts, is, if the

write pointpeintexgegister 42:3. sSHappvasathedIFQ caninol unit d3traaybe arrangeddiosdesgnte of
the read pointer .regnster, 42- . vice.versa. Th evi ce .managenent .
moaul o 11" whgpellal BREELS that s, B8 ot Py -5 ERRrS R MR T BFrtain ¢ o
43. The 10 gisanes folfQHe 3648 PORBKTrbaister IDOP BONGER $G5a.2 THFERVIG: ARRSEdARE be

t he sanme, and the thresholds for different FIFGs 40 need not be the
sane. |t ismatgle Pomwiytsct these distances (thresholds) dob thet FQ comtpoleunitsed 3. | The

and/ or ,ynderfl qw t hreshol ds 0 give pro siyel y. nor ur

war ni né@ as®ET Y A W?ﬁgﬂf’oﬁ“ﬁﬂﬂlgﬁtghﬁ%@ aﬁér’ﬁéé%’&%e thf5samer ﬂgg%?tion,
the FIFO copfsshblddTbf ditfer&RYFIFOR 4Binked nbt B8 tthdasde. | Rt i§ 8lsb3Rk&blel for tige eVent
of overflow, either to permt over-witing or to suspend further witing.

The forner to be twaor moré oesrfloy andfnsindexflown thyeshaldsote give progressiviellomede Such
flushing will often.be desiar abl e t ermt the.continued processing
of the infor HEY RIS A ac%overﬂo'yl gd“t‘%#‘f%l’s mrf’aci’gg‘can be regarded as a
| ow | evel application (or in sone circunstances as a device) which
perfornms transfer functions on behalf of a high |evel _appl i cation.

The hi &b | elneadditinm, thealfTF6hcantrol unit 43 mpysonteirea flag Ndtieh isfsatihle.dn she eveat t he

Tover 0% PO B0 R 9 pllude bUSHAR RENPRIspERY LRI PR el foptp ' "
concer n it s¢fdctivelyhflushes old information from the FIFO 40. Such flushing will often be

desirable, to. permit the continued processing of the information flow.

Y

20 A FIFO control unit 43 can be regarded as a low level application (or in some
circumstances as a device) which performs transfer functions on behalf of a high level
application. The high level application is relieved of the transfer functions, and the
messages being transferred are in effect supplied automatically to the high level
application, which can use them directly without having to concemn itself with

25  obtaining them.

Figure 5 shows how the FIFOs can be used to generate video signals which are
combined with the video signals of the main MPEG bitstream. The message handling
system of Figures 3, 3B, and 4B is used to stream data received from an MPEG
30  device source directly into a video device, without needing any input from the upper

layer application.

TiliE



25 ohtaining them Figure 5 shows how the FIFGs can be used to

generate Vi dggoss@ppl s which are conbi ned with the vi deq’éﬁ‘lﬁgﬁbo%s@f
the main MPEG bitstream The nmessage handl i ng system of Figures 3,

3B, and 4B is used to streamdata receiveggfroman MPEG 30 device source
directly into a video device, w thout needing any input fromthe upper

| ayer appli cdn MPEG bitstream (whiéh Will hdizally be the bitstream received from the tuner
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MPEG bi t st r e4R28:vRigare W is fodoover lipe 59, toa demultiplexer 5bdhickds coupled e a

whioh is couSeivich 468SE the ShaBlor@Fics 2208 1o S abithf riféEh o By Fsaits,
is to set upifformaticieaboutfibé miat video Gbt-ap and control it dispIEaHL iTHe &éﬁ‘ﬁﬂﬁgifﬁ_@r
s

mai n video set-up and control its display. The denul tipl exer 5 |
control | 8d t §1dswceakelledto extrast thmmsmqéerse@em GeidePED sequance)k: frofx tha t he

MPEG vi d bi ' iR Vi d is f i 53
Neg ' 10 PNk, Bhiad?’ 1158 1600 SSGe s REeR sk s bR, e
extracted frehipose or nore of the FIFGs 10 40, on lines 55. These

bitstreans are passed to a Video device 56, which is coupled to the
mai n video signal on line 53. The bitstreans on |ines 55 are processed by

b Y. on Ol > ,
[ es 57, b PG 8o pRRR: BB ap e lirmitd bm Gk ot prorE 0t s
are di spglpayed0osn Y¥inks)55. Thesebifstreams are pdsdeteio a ¥deo device@%c\kﬁxi'ﬁéﬁijﬁoco%‘ﬁﬂ%dgnce

of the MPEG | ayer has its own al pha bl endi ng coefficient,
appl i ed to elthegnaigl video sipralondine 3% The bitstyeamist on lines TSoarequpeesskdny thiex el

of the ck nge Layer. Parts .of the MPEG | ayer i cp,are not uysed
are conpl et eW?‘?“ @J&&%%aﬁg%gpw_ufaxx 1ary Vﬁ?ﬁée%‘é%/ssgn £ {-VIgF ??Feye_d

i npl ement at i g tf MPEBG-2a¢hip 9. T THE WidiaSsedfsndes 288 daBRed odlfinto the m

di stribution between hardware and software, are a matfer of choice for the
i mpl ement or AY&C-wi | | not be described in detail. It is, however, noted that
dedi cat integrated circuits capable of perform ng the operations
required”in the 25 recei ver/ decoder are commercially available or can be
readily desi gaeirlvides equetcecoftA6 MPEG layef hasitslows alpht bRading doetficletton g €
accelerator, or nore preferably nodified to . produce a dedi cat ed

har dwar e accis apphedto each pixpl timage ifeormixing with theenomespomding pixel of the

background- layer. - Parts of the MPEG layer which are not used are completely

An

transparent.
20
The precise details of the implementation of the various functions described above, and
their distribution between hardware and software, are a matter of choice for the
implementor and will not be described in detail. It is, however, noted that dedicated
integrated circuits capable of performing the operations required in the
25  receiver/decoder are commercially available or can be readily designed, and these can
be used as the basis for a hardware accelerator, or more preferably modified to
produce a dedicated hardware accelerator, to implement various of the operations
required, thereby reducing the processing power required to run the software.
However, the operations required may be implemented in software if sufficient

30  processing power is available.

The modules and other components have been described in terms of the features and



required, thereby reducing the processing power required to run the

sof t war e. However, the operations required nay be inplenented in*
software i fWOMHI®Ient 30 processing power is available. PCT/IBIYOPRYD
nodul es and ot her conponents have been d?scri bed in ternms of the features
and WO 99/ 51021 -18-
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functi ons p&ﬁwtt?éla‘ PB?}"%%&W 8"15’%8“@9??“&@5@?%‘?‘%?%0%??%?@&‘3%%%% abl e
features. W'ththe/maﬁahsnﬁm e i R Ticati YR provid &aeﬁi"&.gﬁ&h'&ﬂ igH Pthesed.
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i npl enent or. exanmpl e, certain nmodul es. coul e i mented ipn. .5
softwar o, _piieh dp 3t FEREERloR (A7 £ ExERIe RIS AR B FRBERIeBled: ko y
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sone or all tcompondhe processobusedriplrenmtint pliogtion; howevelp dome ceniphaenisvaray .
10 The abgve nodul es and co%(men s are rel iIIustragi,ve, and é%e
i nvention TP on a separafe,pIogeRsk, @nd Spmy of alljcopipogents Ay beimplempnted by
particul ar, J38itBe8 MRRRREL S may be conbi ned with others which
performsimlar functions, or some nmay be omitted in sinplified
i mpl enent ations. Hardware and software inplenentations of each of the
functiqns b%freelx m'x(g?.both betweeric onent s dwthin a single
15 cdﬁpon above modules and, £¢mpeRents aze mepely ¥odndthe nverron may bgns
performed by d | are
Yl HR G Cvarleh? of ways, GREPH BhriiRflat"Gifle BffpoRHAD hiy)Be

performed on or using electrica signal's.

i npl enent at icombined ywitle others whichrpeRfoin similar furvéiops tarhsethel maf haSihitt2q in

To sunmari se, t referred enbodinent of th rese I nventiop, the S
provi deq o PG TIR HH dAOHaRR A1 SRVE FRRlSTSRIAGORY BT Gl 4 g
recei ver / degafl@bné Ghay? be ﬁ'eel%'bﬁx%ac%%ih beblirden! cdrpSientd GAd SWiRhiaMh i Gyl ch
recei ved signals are passed through a receiver to the

recei vdb/ decompenestd t hence to a television set. The nodule 11 25

coupl es incom ng nessages fromport units 10 to application nodules 12. A
menory 13 coupled to the nodule 11 has a buffer area 13-B and a FIFO

area 13-F, nowill de fiadily undeRlood thdf filed fadtiohs |peffofied Byethel Hardwary] the Fl FO

control l er/ handl er 14-F respectively. . . "
computer software, and such like are performed on or using electrical and like signals.

Software implementations may be stored in ROM, or may be patched in FLASH. |
20
To summarise the preferred embodiment of the present invention, there is provided a
device management module 11 particularly for use in a receiver/decoder for a
broadcast digital television system in which received signals are passed through a
receiver to the receiver/decoder and thence to a television set. The module 11
25  couples incoming messages from port units 10 to application modules 12. A memory
13 coupled to the module 11 has a buffer area 13-B and a FIFO area 13-F, controlled
by a buffer controller/handler 14-B and a FIFO controller/handler 14-F respectively.
An incoming message can be passed into a buffer, and retrieved from the buffer by
the application to which it is directed; two different operating modes are available for
30 this. Altemnatively, such a message can be passed to a FIFO; the FIFO handler acts
as a low-level application which can pass the message on to a high-level application

without that application having to take any action and without having to wait for the

o



An incqQm ng pessage can be passed into a buffer, and retrieved fromthe
buffer by woookite; arplication to which it is directed; two Cﬂc{]'lfll%@?/[i&so
operating nodes are avail able for 30 this. Alternatively, such a nessage
can be passed to a FIFQ the FIFO handl er_jacts as a | ow1level
application which can pass the nmessage on to a high-1level application

W thout that fafiphiessage b bevédeivetlo t Mcsapey pasiih® thdtish hé EIED BAV|
wait for the WO 99/51021 Saiey pAing éh ik b6
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nmessage to be received. Messages passing through the FIFO are nmay be
conbi ned into an MPEG si gnal stream It will be understood that the

present i nverlt iwill Beasndessttod et tHedsel aveenBbh Hay besh ﬁescriﬂ@d/aﬁéveeﬁtﬁ'@BJ by

and nodifications of detail can be made within the scope of the
i nventior®  B¥Bhof extmple, and anastifications tafedetiik cani pe imade within( thkescope of the

appropriate) .the.. | Qi and. dr aw n he.provid i ndependent |y or
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CLAI M5 1. . A receiver/decoder conpri'sing:

one port for coaditaliong nessages; 5 a nenory including a FIFO
section; at | east one application nodul e; and

FI FO control neans coupled to the or each port, the nmenory, and the or each
application nodul e operative in response to a nessage appearing at a port
to wite the nmessage into the FIFO section of the nenory and to read
t he nessage fromthe FIFO 10 section of the nmenory out to an application
nodul e or to a further port.



2. A receiver/decoder according to claim1l wherein the FIFO control
neans i s arranged to initiate the reading out of a nessage fromthe
FI FO sect i oMO8%/510ak menory to said application nodul e BETABIYMESY
further port before receipt of the 15 ﬁessage i's conpl ete. 3.

A receiver/decoder according to claim 1™ 2 wherein the FIFO control neans
I ncl udes ocm detector neans for detecting the state of occupancy of

t he FI FO. A receiver/decoder according to claim3 wherein the
occupancy detector neans i s adapted to detect overflow and underfl ow
of the FIFQO 5 A receiver/decoder according to either of clains

3 and 4 wherlei n tAgeceiver/decaten campyisidgt ect or neans is adapted to detect at

| east one threshol g og i ngengi{h%ﬁ%. overfl ow and underflow of the FIFQ

6. A recei ver /34ERA5HERC BOAE IOILCCRIVING MESPALASs cedi ng clai m wherein the FI FO
control greans is memdsehchidling & HIFO s&Bgspde fromthe FIFO section. 30

7. A recei ver/decoder according to any preceding claimwherein the FIFO

section corapl¢agbencaanplication mpdele; Bnd-O buffers and the FI FO control
i ti I lit f FIEO i st trol

n“égﬂi. conprises @F%@gr@g;fégﬁ:s éo\{l;eale% tgrth% cl)r Qacﬁ port, the Iﬁgxgb%,%d %norre?ich

PCT/ 1 B99/ 00 ication module gperative in t ing at olwri

A recei ver/ggﬁlo elr accord?png to arl;t;./spglrlseecggirﬁ%ss%%eaalp&eav\%régraeianpq[rhe n%tﬁotpfl

further i nclmassagedntouhé EIFQ eentionof thenmembry amttei read the anessage from thelBEFQ uf f er

control neans. operative. in response to a messa earing at a port
to withdt héeq“ggsog'ége %Pﬁ“??ry out to %épﬁﬁﬂaflg? q%toog?‘irﬁ%?rl’@ﬁtnry and in

response to a control signal froman 5 application nodule to read the
nmessage fromthe buffer to the application nodul e. 9. A
recei ver/ de@oder Aatsceivdi/decoder &carding to claimel whetein thef FERO semtrolaneansripr i ses

arranged to initiate the reading out of a message from the FIFO section of the

8.

memory to said application module or to said further port before receipt of the

15  message is complete.

3. A receiver/decoder according to claim 1 or 2 wherein the FIFO control means

includes occupancy detector means for detecting the state of occupancy of the FIFO.

20 4. A receiver/decoder according to claim 3 wherein the occupancy detector

means is adapted to detect overflow and underflow of the FIFO.

s. A receiver/decoder according to either of claims 3 and 4 wherein the
occupancy detector means is adapted to detect at least one threshold of impending
25  overflow and underflow of the FIFO.

6. A receiver/decoder according to any preceding claim, wherein the FIFO

control means is arranged to flush a message from the FIFO section.

30 7. A receiver/decoder according to any preceding claim wherein the FIFO section

comprises a plurality of FIFO buffers and the FIFO control means comprises a

g

respective plurality of FIFO register control means.

i
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two buffers areas defined by respective buffer registers in the buffer
control neagg 995144 10. A receiver/decoder according to fc@insoshoeso
wherein the buffer control nmeans is operable in a bit stream node in
which an incomng bit streamis directed_ppnto the currently sel ected
buffer area and is then swi tched between the two buffer areas as each

buf fer area ign turA reesivsrrizcoder!accordify to ady precedingeciainy evietéinodie rmemory
according to Claim9 or 10 wherein the buffer control neans i s

operabl e i n dutheragchidesadeutior saetiem andethecrrgeiveridecaden meiden puliss agtrol

T Chat - Spacheats OBl BRI Iy dnoFeall Rl ing AR E B AE e i

buffer area itge baffeftsestion 0£Ghe mdrdory aﬁdrxﬁ%sy&fséd@cadsahtramigiﬂl Febrh Cariny

preceding claimincluding a video device |ication unit fed from
the FIFQ seépplicetignanediteitazead theimessagetframnithe: bu erzfosthe fapplication mogiylp. 5
vi deo bitstream 13. A broadcast system conprising a

recei ver/ decoder according to any precedi ng 25 cl ai m and neans for

transm tti ng gressgyescelverklbeodeLaording PCRUR'S, wherein the blffer sedﬁon compnses
recei ver/ decoder substantially as herein descri bed.”

broadcast sy$we rougfens argas defined bysrespectiva buffer regisers in the buffer control means

10  10. A receiver/decoder according to Claim 9 wherein the buffer control means is
operable in a bit stream mode in which an incoming bit stream is directed into the
currently selected buffer area and is then switched between the two buffer areas as

each buffer area in turn becomes full.

15 11. A receiver/decoder according to Claim 9 or 10 wherein the buffer control
means is operable in a datagram mode in which the length of an incoming message
is compared with the free space in the currently selected buffer area, and if that space
is less than the length of the message, the other buffer area is selected.

20 12. A receiver/decoder according to any preceding claim including a video device
application unit fed from the FIFO section and feeding a chip unit which is also fed

with a video bitstream.

13. A broadcast system comprising a receiver/decoder according to any preceding

25  claim and means for transmitting messages to the receiver/decoder.
14. A receiver/decoder substantially as herein described.

15. A broadcast system substantially as herein described.
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