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The present invention relates to receiver/decoders for digital television
syst ens. The advent of digital tr@nsm ssion.systens intended
primarily for broadcasting television signals, in particular but not

exclusively satellite tel evi SDATAYPROUESSING SYSTERNed up the possibility
of using such systens for other purposes. One of these is to provide

interactivity with the end user. . The present invention fi nds

ohi ch rocor ibE BiepliaverfioR s8BEST3 reotithyl ol B AR RIEHER pyateptrecoder

and thence to a television set. The recei ver/decoder decodes a
conpressed MPEG type 10 ~signal into a television signal for the
tel evi si on sThe adventj of cligital oiranstnigsjom systemseintended pomarity Ifer Hroadissting

et ot ey act PO Bishfler B pARRTIaY But R5F RRRLsively ptelite T ifin Shelid. b
receiver Sdeceﬁt%dhbrtﬁélﬁbss%ﬂi@bﬂ&%§ gd&vgyg{c% ﬁ,&g,@géréj@dsgﬁei OfRé of fil8e §Ode

for the appl ication could be permanently stored in the

r ecei ver / dectedprovideidnievastivity with theend ussr. be rather liniting. Preferably,
t he recei ver/decoder should be able to downl oad the code for a
required application. In this way, nore variety nmay be provided, and

appl i cat i onsThrelht HRLAHEA RS §paamcra9§u&ddaqﬁti'&ayd@&tdglg;]gm@aeﬁaﬁn&?ﬁ&mof

t he user. is desirabl’'e to all ow a nunmber of f erent

manuf act ur er in whichenea¢ived signalshare passed throughs arreckiventor a re@jvéridecbgeradnd t he
manuf acturerg _nust sati sf. rtgin_commop 20 functional s I Lications,
bt subj ect {5a e Covirige §EL] Th8 rENEcher deridie SRS RA VPRI s, .
choi ces 19 t hsigfflaintd & QeleviBionedighd]l foPithd BeévisidASetNsS It is"edntdiled byhg reold | S
of - the hardware. However, the overall functioning of the

recei ver / deceansiollenhandset, through pa intedfagenin thegeeaivierydesodsr. nanner in. which it
processes applications, nmust be identical for all decoder/receivers.
The design of those parts of its control system concerned 25 wth
processi ng apak wagtofpicvidiagithe hteatwvity dacabedabiovieds & tun ACHplRAtiGEEAHY S,

and ~ should be the responsibility of the_system operator rather than
t he har dwar ereceiver/decoder through which the television signal is received. The code for.the

_ application could be permanently stored in the receiver/decoder. However, this would
15  be rather limiting. Preferably, the receiver/decoder should be able to download the
code for a required application. In this way, more variety may be provided, and

applications can be updated as required without any action on the part of the user.

It is desirable to allow a number of different manufacturers to manufacture the
receiver/decoder.  Obviously ‘all the manufacturers must satisfy certain common

20  functional specifications, but subject to that, it is desirable to permit them to make
. their own choices with regard to the details of their designs, including the details of

. the' bardware. However, the overall functioning of the receiver/decoder, and in

- particular the functional manner in which it processes applications, must be identical

. for all decoder/receivers. The design of those parts of its control system concerned

25 - with processing applications must therefore be common to all receiver/decoders, and
should be the responsibility of the system operator rather than the hardware

manufacturers.
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These two objectives (freedomin hardware design and comrmon system
functionality) are obviously diffigult to harnonize. - The object of
the present invention is to overcorfe this difficulty.

g

According to- | t f royides a X .
recei ver/ decggieée gg? Bgﬁéﬁgéé (frgf:%lﬁ%? ﬁ%ﬂ%{/él @%’é? 2!131131151 & "“X’&g%%?‘?‘ﬂlﬂﬁl°"ﬁbﬁms
for receivi ngra obwiqnsbsdxiﬂcMPEGHaymemze ‘Thesbbfjeat of TR Predef is\REHGA Y thNe
recei ved si gnal to V@u%g q tel evision signal; neans for supplying
the tel evisi SO ﬁh’ CWWtevi sion; a user input interface; and a
conmput er system for controlling the recei ver / decoder in accordance with

i nput signal s recei ved through the user input interface, the

conput er sysh’mmnhnpttm §ts mgain dspeict,cthe pfksentrinvergion dprﬁﬁﬂ&s hQeceivghicedbdrd for a

signals fyom urality of ports and providing tato sai d ports;
and virt Lé\ rﬁﬁ@?ﬂl felevisionsystemy ﬁpmnﬁmg&mé@mag@mmsd MPEG—typc

a0 L ke BF SoRchly B RckiGEP LESR, o PRI Y5 AR Rl o

means conpri er suppipmgathcn@lmi{jommglﬂl ltd k' @¢lyviion; kSuser Puf inteFaceaand a
interpreter, storaenea or storing a plurality of instruction
sequences, comput ﬁ@if@m %Fﬂih?g tbéaﬁ%ewq;m;cmrmmmmm inputisignals

Pref erably, C ﬁg . r raI

i nterfaces fggﬁé‘éﬁ)?h&?%% &Q? Xt er naﬁqgglétoéi%%é‘% sg)s Q@%ﬁﬁlﬁﬁggF“ﬁ%ans
conprisily amdnaget moans ﬂn\remvmgafgals from a pmanyasfgﬂmn a:nh poVidalg dta teast
one int erface r wth at lea t o e function of the 2 recei ver/decoder.

Pref erabl y af¥8 PRy ﬁéﬂ?@s: corplgd o thes gevicenmanager meansyi ce

neans coupledoindriding Basds 0P &%gﬁ f th
recei ver/ decodin? | ng | udes a grur alﬁ{d&sfrg‘%{%ﬂ %rg{n %‘r? dse(%c%clggsl&gay epﬁsf and
provi di ng anretppling dataghereto. control | i ng the recei ver/ decoder and/or the

tel evi-sion, and wherein the operating engine is |ocated between the
application sources and the | ogical 25 devi ce neans, and includes gqueue

means f Or. -1'e Peefuiably. e Hrfial GREHACC thebdl QHHPritd Sn operating engine, a library of

: 15-""‘ routmcs, an interpreter, storage means for stonng a plurality of mstrucnon sequences,

) "‘"queue management means, and buffer management means.

e Preferably, the receiver/decoder further comprises a plurality of interfaces for coupling

** to external units, said device manager means'comprising at least one device means
associated with either at lcast one interface or with at least one function of the

.20 . receiver/decoder. Prefcrably also the device manager means include at least one

" device means coupled to at least one device driver.

' Preferably the receiver/decoder includes a plurality of application sources each for

. providing an application for controlling the receiver/decoder and/or the television, and

* wherein the operating engine is located between the application sources and the logical

25 - device means, and includes queue means for receiving events generated through the
device manager means and passing them to the engine. Preferably the opérating

- engine comprises a plurality of process sequencer units associated with the device

means, and means for extracting events from the queue means and actuating the



devi ce manager neans and passing themto the engine. Prefer
oper at i.ng 98/4343gi ne conprises a plurality of process seaﬁéﬁ@gﬁm”s

associated with the device means, and neans for extracting events
fromthe queue means and actuating the _j3_ WO 98/ 43433
PCT/ EP97/ 02116 - 3 -

associ at ed p&%ﬁédﬁﬁ&&@@;ﬂﬁthﬁit@ﬁ%&ﬂhgﬁ mePérst?z?raﬁéal t*(ex‘é'a?@ﬁit«%@a&r e
filter neans or matching an event_ against a [Tst of event types
bef ore ent er forgnatehingvamevént aghinst a list ofjeeent typesrisefofer efteringbthe adeatid tie

recei ver/decoder further Lncludes peans, for storing . at | east one
appl i cat i on. queucgneans I'Etrﬁgy “g‘é’ﬁggfec@fv °{/ﬂ%°°HF’ét'\§ﬁ1“ includes H?ﬁ"‘i)%\ﬁm a

recei ver/ decQﬂEﬁstf:ﬂfe e feitidn) Y broadcast signals, said _
recei ver/ decoder conprising: means for controlling the
recei ver/ decoder in accordance with received signals, said

controllin ns conprisi.ng: . . means for.recei wing signals
from a pPur aft BT 250t OF A6 PESERt HVRRHQRPIpvIdss s Fepeior/deqoges for Tereiving
virtual nachbﬂ%g%@tg%g%gr s34 P6R PR/t %oﬁxﬁﬁﬁhé.ed fromthe receiving neans

.and returning eto. Anot her “aspéct of the present invention
conpri ses a syst emeansforicontrgliiagphe reativer/derbder in accordamicwditl rteciveld signalsc h
as descri bed ghove erein the djfferent receiver/decoders 15 have a

conmon vi r t usHd £opirpIlDE FaCANS COMPTIShect i ve different device manager nmeans
coupl ed to respecty [ ffel ' ' : ity ¢ : - pf
the present i nvenh&%ﬁs \?\tﬁsrl rlt:&g?ﬂ Sg“ggs%&r"f" éé’é“‘aldd' r%fl %"‘Eya?‘a%‘; \ggmfg%{a‘&‘besﬁxd)
exanpl e 10w t portsfamdence to t he acconpanyi ng draw ngs, in which:-

Figure 1 shows the,overal architﬁg%ure of a,digital ,televjsion system

. di
according to the Yiftual machinemepns IBHBTOcesHnE Pt Frecied I the,freriving, means
-, and returning data thereto.

Another aspect of the present invention comprises a system comprising a plurality of
" .- receiver/decoders each as described above, wherein the different receiver/decoders
15 . .- have a common virtual machine means and respective different device manager means

coupled to respective different circuitry.

- Preferred features of the present invention will now be described, purely by way of

. example, with reference to the accompanying drawings, in which:-

- Figure 1 shows the overall architecture of a digital television system according to the

20 . preferred embodiment of the present invention;

Figure 2 shows the architecture of an interactive system of the digital television

- .. system;

. Figure 3 shows the arrangement of files within a module downloaded into the memory

of an interactive receiver/decoder;

25  Figure 4 is a schematic diagram of interfaces of the receiver/decoder;



Figure 2 shows the architecture of an interactive systemof the digital

t el evi si OWO 98/43433syst em Figure 3 shows the arrangdtGREPYT0211§ es
wi t hin-a nodul e downl oaded into the nenory of an interactive

recei ver/ decoder; 25 Figure 4 is a schematic di.agram of interfaces of
the recei ver/decoder; WO 98/ 434?3§ -

PCT/ EP97/ 023‘.1 b ¢

Figure 5 shSuRTe AShaps g}?gaéf?é‘ﬁ?mﬁl? °f§é‘hﬁ§?‘§}y\7&“ﬁﬂﬁ%"%‘?‘° IR rﬂ§/° feraptive

i nteracti ve receiver/de@sdet;ver / decoder; Figure 6 is a functional block
di agram of the recei ver'/ decoder ; and Figure 7 shows certain

conponents of the virtual machine and run tinme engi ne in 5 nore detail.

An overviewof a_diqgital.television sys 1000 i i,n Figure 1. The

i nventi on Figuré i‘ﬁé%ﬁ‘@g“o& @Fﬁf‘%ﬁ&%ﬁﬁ%?&ﬂcwﬁf f“f 'taé’Flew si on system
2000 whi ch uses the known MPEG 2 conpression systemto transmt
conpressed digital signals. In nore detail, MPEG 2" conpressor 2002 in
a broadcast Figue r7eshowsctertain gondpoyients of ﬂgntailrtusl- maghiné @nd rgn\tpme #ingineain
stream Vi deodgtaﬂnal s). The conpressor 2002 is connected to a

mul ti pl exer BMY nbl er 2004 by |inkage 2006. The nul ti pl exer 2004
recei ves a plurality of further input signals, assenbles one or nore
transport streanms and transmts conpressed digital signals to a

transnitter 008w ¢fa @sﬂddelasmos@usﬁcm 09 is shown |in Figvge: 12 0he, inventiom can

Cr anom ¢ cer st HReFblsiidel SRIGRIAEEGR shdrb 008 TP nees 5 KoBumar s
a satel i temBGSQ%ﬂ@fesaeﬁ%yst&metbemh&an dhfpredsed dighhal Sighaly. ﬁrﬁsﬁ-ﬁaasﬂand

br oadcast via noti onal "downl i nk 2016 to earth recéi ver 2018
convent i onalMPEGn2taempiressps 302, infias hroadcast cenne deasivesch digitabsignab sosamuser .

The si gﬂfil S ({yp?c%ilved sBxY,anrle&te \ideo 52 aifs)ar The compressor 2002 is connected to a

_multiplexer and scrambler 2004 by linkage 2006. The multiplexer 2004 receives a
"l'-plurahty of further input signals, assembles one Or more transport streams and

T transmlts compressed dlgltal 51gna1s to a tiansmitter 2008 of the broadcast centre via
Imkage 2010, which can of course take a wide variety of forms including telecom
15 links. The transmitter 2008 transmits electromagnetic signals via uplink 2012 towards
| aL_ satellite transponder 2014, where they are electronically processed and broadcast via
% “iotional downlink 2016 to earth receiver 2018, cenventionally in the form of a dish
owned ‘or rented by the end user. The signals received by receiver 2018 are
" transmitted to an integrated receiver/decoder 2020 owned or rented by the end user
20 ° “and comnected to the end user's television set 2022. The receiver/decoder 2020.
decodes the compressed MPEG-2 signal into a television signal for the television set

2022,

A conditional access system 3000 is connected to the multiplexer 2004 and the
receiver/decoder 2020, and is located partly in the broadcast centre and partly in the

25 - decoder. It enables the end user to access digital television broadcasts from one or
" more broadcast suppliers. A smartcard, capable of deciphering messages relating to
commercial offers (that is, one or several television programmes sold by the broadcast

supplier), can be inserted into the receiver/decoder 2020. Using the decoder 2020 and



transmitted to an int egrated recei ver/decoder 2020. owned or he
end user 20¥098/4333 connected to the end user's tel evision se?é%ggﬂ)%ﬁé
recei ver/ decoder 2020. decodes the conpressed MPEG 2-signal into a
television signal for the television set-§ - 2022. A condi ti onal
access system 3000 is connected to the nultiplexer 2004 and the

recei ver/ decsifigmcazd2he emhoser malypuadhask granmencial offerscintzitheris sutiscription moded
partly in the 25 decoder. |t enabl es the end user to access digital

tel evisi on bPbAPERTREI-YiEWmede or nmore broadcast suppliers. A
smartcard, capable of decipheri ng nessages relating to commer ci al
offers (that is, one or several television progranmes sold by the broadcast
supplier), caAnm hmstefaotive tsgstemn®000,halso ecmineeted dioc tiske rmiA€plexer U004 itk the

decoder 2020 98( 4343
P%_cr;) E§)r97 /02 ﬂ%gg/er/decodcr Z% <{ ?ocated partly in the broadcast centre and partly in

shart car g@&d&?eémiﬂf% et %H&S\?sef %‘Tﬁ{t&é&' Wit Safios) aﬁkﬁ&ﬁfmﬁ via a

SUbSCpr?IOﬂ no or a pay-per-view nteractive
syst em 4000, muidemmedrivack tchahiteb 4002 nul ti pl exer 2004 and the
recei ver/ decoder 2020 and again |l ocated partly in the broadcast centre and
partly in 5 t he decoder, enables the end user to interact wth various

appl i cationsg %ﬁe 3 shows théT? clifcturs DR MCintd9i#ve televxsmn s st r490§ gthows
t he general architecture of the |n eractive television syste 0o

the digital thel digitalitelevisjoat systeftDDO0006 thb resentsmwention/ent i on. For
exanpl e, the interactive system 4000 allows an end user to buy itens from
on- 10 .screen. catal ogues, consult | ocal news and weat her naps on demand

and play gamegr example! (heGH@RacHYS s vj it 4060 Qﬂoﬁ ran end ser to lﬂ}ﬁit&ﬂ ?xro%?tohye
syst em 4000 :conpr i ses I n.-overvie our main e
aut hori i@ t osd:redﬂ@atalagud:sheoﬂmhddcaiatwsand rveea(}mr mi[xmdmrm)ndfand playtganmg a

: through his television set.

The interactive system 4000 comprises in overview four main eiémcnts:
. an authoring tool 4004 ét the broadcast centre (or elsewhere) for enabling a
_ bfoadcast supplier to create, develop, debug and test applications;
15.; .. . an apphcatxon and data server 4006 the broadcast centre, connected to the
authonng tool 4004 for enabling a broadcast supplier to prepare, authenticate and
| format applications and data for delivery to the multiplexer and scrambler 2004 for
insertion into the MPEG-2 transport stream (typically the private section thereof) to
be broadcast to the end user;
20 a virtual machine including a run time engine (RTE) 4008, which is an
executable code installed in the receiver/decoder 2020 owned or rented by the end user
__fqr enabling an end user to -reccive-, authenticate, decompress, and load applications
. into the working memory 2024 of the receiver/decoder 2020 for execution. The
| engine 4008 also runs resident, gcngral—pnmosé applications. The engine 4008 is
25 iﬂdependent_ of the hardware and opbrating system; and
| a modemmed back channel 4002 between the receiver/decoder 2020 and the
épplication and data server 4006 to enable signals instructing the server 4006 to insert
data and applications into the MPEG-2 transport stream at the request of the end user.



broadcast supplier to create, devel op, debug and test applications; 15

an appl i catWoesddd3dat a server 4006 the broadcast centre, comcI@Rd/02H6t he
aut horing tool” 4004 for enabling a broadcast supplier to prepare,

aut henti cate and format applications.and data for delivery to the
mul ti pl exer and scranbl er 2004 for %sertlon ‘into the MPEG 2

br ondeast Lo TG MEHEREE IobyhoR Qif bEeriES; o "R Weichcrofoh then

time engine (ﬁ]i&imﬂ;&ﬂ'&he wieeivbr/détodér and variof ﬁéﬁéétﬂoﬁt&ﬁmhbﬂzﬁi aAggﬁcﬁ'tﬁné he
recei ver/ decoder 2020 owned or rented by t he end user Ing an

end user to r¥E&eRresentadkindhn engined008as Tesonrse flesidAl ‘maaiulgis la(sat oftwesource

into the wor |vef/d er 2020 for executio

The o8 BB, Redal mddifes AT B TenlR T 8 BB BB oK 11
engi ne 4098 i “méthory wﬂdmeérufeﬂie f&efs/a%dmasiwe gaﬂ ONPasd 59 ntollM Aand

a nodemred bagck channgl 4002 between the recelver/deco er 2020 and the

appl i cati on andtcHaeey i§cysed tosdaymlead mnsiles. sMpdules may tbeudawnlgadddeinte theer
4006 to inser PRl i 0 nt o the I\/PEGZ transport stream
at the requesﬁemlycr&cgggéngﬁ%b;g?ﬁ @“L' l\ﬁﬁﬂ} 53@“
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The interactiye tel evision, system operates using "applications" which
control the The clemepisanentionedin thepreviews pasagraph sreenova desorived u moge details
cont ai ned therein. Appl I cati ons are represented in the engine 4008
as "resource files". A "nodule" is a set of resource files and dat a.

Several nodulFur thapuhmsmﬁhfsﬁsﬂacélﬁcﬂﬁiﬁ? at RpphcatioR lis ﬁéﬁiécﬁrbf cﬁm ter cod8RSO" Y
voI ume” of -t-he rece| ver/decoder is a storage space for nodul e An

interfatQ" jconirelinghighiisyel fynetions of prederably dis wewaxjd@edehﬂo?ﬂofdedxamlc, t he
hement s mont Vi e bad B DORIOHSTHE fockl 3F 3REhycSL W&gg’mb&é@n-%m@n

1
detail . ~on thefsateehlvf theltdb@dsion 66t 2022%endRfedsks adlali@tiorfkey? R ifsahét
a piece of conputer code for 10 controlling high |evel functions o
preferably t IF6aPeRcE aysaciatre with thobutten Isgunexanyl e, when the end user
posi‘tions :the.f.ocus of ‘a renpte. control ler- on. a button object seen on

the screen of the tel evision set 2022 and presses a validation key, the
i nstructi on An intemetiveeappdicatieropriopbses miériul anll @xbeiitéOeomMandinat the request of

- 15 the end user and provides data related to the purpose of the application. Applications
" ’may be either resident applications, that is, stored in the ROM (or FLASH or other
| ' | ﬁi:)i;+volatile memory) of the receiver/decoder 2020, or broadcast and downloaded into

. the RAM or FLASH memory of the receiver/decoder 2020.

o Examples of applications are:-

20 "0" An Initiating Application. The receiver/decoder 2020 is equipped with a
"7 resident initiating apphcauon which is an adaptable collection of modules (this
term bemg defined in more detail hereunder) enabling the receiver/decoder
2020 to be immediately operatxvc in the MPEG-2 environment. The
| application provides core features which can be modified by the broadcast
25° supplier if required. It also provides an interface between the resident

d application and downloaded applications.

° A Startup Application. The startup application allows any application, either



An interactive application proposes nmenus and executes commands at the
request of wé98M3Bme end user and provides data related to t RCHEPFPIEI60f

t he applcation. Applications may be either resident applications,
that is, stored in the ROM (or FLASH or oqther non-vol atil e nenory) of
t he receiver/decoder 2020, or broadcast and downl oaded into t he RAM

or FLASH menory of dé‘gﬁ(’g’f@f‘%ﬁ%ﬁa&ﬁ’c%ﬁ &pt?ng-reccivTr/decod Lg‘ﬁiscgpplication

applications are: - An I nitiating Application.
recei ver/ decoder 28&9 assa dnuotstrpp cbxedutéd @n arrival of a servieesiimlender to stagt theg
application which is _an, adaptabl e collectiop of ules (this

term bei ng def i-nedaPW%9%a§m is ﬁ@y’élﬂﬁ‘g‘éf)m%&gﬁjﬁ@‘?@éeg&éﬁ‘b@ﬂw&wer
2020 to be imedia D d ' T3V icati :
application provi d%%k%b?e%nggt éé\neﬁsgh C?g?ﬁﬁc)ag?b elﬁ%‘gétﬁﬁ?leeryg%f/ant% ag?%%b ecé)sx}t
25 5 suppl eaxh chhnmne} gan bestledted and nunp eithérdannmediatelyt aftek aloenbmdiveror

t he resident pljcation and downl oaded appljcations., .

[err] A Startup APST R‘S’ﬂa&%& iF’n ©325¢ OF; ngﬁﬂlpga%ﬁpﬁﬁt&nslsdﬁﬁed into the
application, eithe . :

PCT/ EP97/ 02116 fnemory 2024 Y4 R8i4R4R4 by the startup when requlret_;i. .

downl oaded orer esi AcRtogram Guide.oThd¢ [Peograne Guide fke an datera2tine . application which
application as,a bootstrap executed on arrjval] of a
feu it

. act .
service in order t8ves ofull dpfgrmation about pro gt | AT expmp j |ay give
downl oad into RAMf@&% leEv C ; amm K!
can be cggf i gured so t éﬂ?ﬁﬁ]bgﬁﬁrﬁ%r%?@%k‘gg%{:\ﬁgﬁg? ipgtr)%r ava?sl %rgﬁgﬁgné%eééh
each channel can. behamtlkof adligital television binvequet. By dieptessing af key od ahe lrermdieng

or after el ing. In the case of_ preloading, .the
application is | onberdl 88f§éhe énd user accesses 4B AgdOD §gIaCT, °¥1§%W&Fs@ by

the startup when r gl @4 the scrcenl 6 b tehoiRiiBH" & 203 apicT g REPULALR R iale

is an interacti’ve application gl ves ormat i on
about programmi ng. bfewsee giving mforntation pnghe eudrOnt and next events b eactt clennelbofit |

say, one ek's televisjo rogra s provi ded on each channel

of ya di gilggl' “tel evibe @E“ﬂonggt}&%ﬂ“ﬁy e%p&%mga@%@manm fee Feangie émtroﬁer
troll 2026, t > 3 ;

control | er 2026 ﬁ%@@ﬁ’e &ﬁ?ﬁs&ﬁﬁ&%&%@%n%?p?%gxoﬁgr%\%s 1aye\sQfs§g5gz_f&%&Sb%

event dwn on the screen o t I On”set
add-on screen i s aon events over one WeekisEre erid/isey danfalsonseaiainanshsarh events matht

and next events of eagh chanpel, o 5, the digital IV houquet, .By
depr essi ng anot her S‘F§§° #WE’W’@?&)@%@W&W’ & dliPadedss dE?Gg@ ,a%f'ﬁgtegnd

user accesses an applingpti on which displays a |ist of information

20 e A Pay Per View application. The Pay Per View Application is an interactive
service available on each PPV channel of the digital TV bouquet in
~ conjunction with the conditional access system 3000. The end user can access
the application using a v 'guide or channel browser. Additionally, the
_ application starts automatically as soon as a PPV event is detected on the PPV
25 . channel. The end user is then able to buy the current event either through his
daughter smartcard 3020 or via the communication server 3022 (using a
. modem, a telephone and DTMF codes, MINITEL or the like). The application
may - be either resident in the ROM of the receiver/decoder 2020 or
downloadable into the RAM of the decoder 2020.
30 e.. APCDownload application. On request, an end user can download computer
software using the PC download application.

° A Magazine Browser application. The magazine browser application comprises -



on events over one week. The end user can al so search and sort events wth
si npl e andvmsslmsed criteria. The end user can al so access lmmtmogué

sel ect ed channel . 20 [err] A Pay Per View application. The
Pay Per View Application is an interactive, . service avail abl e
on each PPV channel of the digital TV bou&: in conj uncti on

with the conditio C

the application ug}a %{1&& ?’@é‘éa’?@e or Ogﬁg%aﬁez%]q’{)lrﬁggggﬁlg& 18%3%' Ona??ypn—s%reen
application, start shuttohenati cally as soon as a PPV event is detected on the
PPV 25 channel . The_end user, is fhen able to buy the current
event ei ther ® hr ouyH#zsapplication. The quizapglicationsiseprefezably spnchronised withha

Comer TN S "or e Bee gbti b, as, o prameld? il ISP RRBSIOHR P
resident § n the RQikplaydden tBe eirees /o ahio delevisfb202022, and the user can select an

downl oadabl e into the RAM of the decoder 2020. 30 [err A PC Downl oad
appl i cation.. On rca§¥st bsiag thawemote controllea 2MA6.CBe quimspplisation can inform the

sof tware usmgthe P d |on err] A Lhe. ..
Browser applicati o%cg?ﬁ%w?ﬁqgezla%w g%’é’ B‘pf‘? gf‘#‘ 'rclo’g/lg‘ggﬂhe users wo
98/ 43433 _
PCT/ EP97/ 02116

a cyclic vide br oédﬁeé@shnmmg pepleatign; In enel e&@épleref\ﬁhgéﬂpsmppm applisationgn
b
DU 91200, oy fen ot JoP R SR WiBlmB5 104 ABBULABLA0 B0 and

exanpl e, -mut ti pl e disslagel Gilahé tedirdsion 2023, Using the rcnﬁ)tﬁs bbmtmtr,omct &ser%aﬁeen
of the television 2022, and the user can select an

using the remote cick o IRERicabcitenthto Guyz Thepeidertfn the dtem riﬁcﬁeﬁf t‘ﬁ% "the
whet.h th C
ssor vnelher e SHBiGipld ol Lo Phodpl AN ARBSATER BN G H1E'

t el eshopping  appl-i & sépacdte sdlbs system the tel&phbﬁe &uﬁibcﬂﬂf)d&ldhdiasﬂﬁbﬁ dowaloaded
transmtt d to the receiver/decoder 2020 an d on.t he

e
tel evi sibBh262% - @.thg,rqqqg'er ¢roder, @BﬁﬁllPléf‘YléhanPﬁl?f iR debitths account¥ a credit

sel ect a part.i.eul t u t A | t

modenmmed back chaﬁ%é? %&0@% %‘%e app iédggutooﬁﬁ?ﬂ dfgiat gﬁgeé\ﬁ%g&[?gag? h?%

a separate’ sal'es: smeéxeeﬁ/ddtedéremaphone nunber of which has been downl oaded

15 .. toth cei ver/deqoder possi bly w er to deblt he
account fof “®cre tTc ebanking apghicatipn; BhOIF‘Fa%xaé‘&lﬁ %H&%‘F’Fgﬂﬂi% 8PRjifation,

card readers 4036 Qler{fi€erts a bank card iR6€b grﬁfiqﬁgd %%ﬁcrs 40 6 of [tﬁér]
A Tel ebanki ng appI | catlon I'n one exanple o e teI ng app | cation,

t he 20 - receiver/decoder 2020. The receiver/decoder 2020 dlals up the user's bank,

~using a telephone mumber stored in the bank card or stored in the

" yeceiver/decoder, and then the application provides a number of facilities which
“* can be selected using the remote controller 2026, for example for downloading
‘via the telephone line a statement of account, transferring funds between
25 .. ' accounts, requesting a cheque book, etc.
‘.~ ®'. ''An Internet Browser application. In one example of the Intemet browser
" - application, instructions from the user, such as a request to view a web page
" * having a particular URL, are entered using the remote controller 2026, and
these are sent by the modemmed back channel 4002 to the application and data
30 = - server 4006. The appropriate web page is then included in the transmissions
| from the broadcast centre, received by the receiver/decoder 2020 via the uplink
2012, transponder 2014 and downlink 2016, and displayed on the television



user inserts a bank card into one of the card readers 4036 of the 20

recei ver / Q@8%43432020. The recei ver/decoder 2020 dials up t RCHERT021M,n
usi ng a tel ephone nunber stored in the bank card or stored in the

recei ver/ decoder, and then the applicat i__o? _provides.a nunber of facilities

whi ch can be selected using the rempte controller- 2026, for
exanpl e for downl ng via the tel ephone line a statenent of
account, transferfing funds between 25 accounts, requesting a
cheque book, etc. [err] An. I nternet Browser appllcatlon I n one
exanpl e of the Internet browser applicatiaon, instructions from

the user, subppligations sgeesioredoin, memarywiasationein the receiver/decpderi 382Q, and

Phese are scprospiieq B hepbke ienaThe Sriohi fof BObfst Bleofified Mssrinion

data 30 unit filess ¢ansbles!bIdCk uﬁheﬁlasszmmctﬁhescqe&daames,l@phbamn fildsu@dd in

the transm ssi ons fromthe broadcast centre, received by the
recei verd dec@teifile020 via the uplink 2012, transponder 2014
and downl i nk 2016, and di spl ayed on the tel evision WD 98/ 43433
PCT/EP97/02116 - 9-

12022. zphti@tdijw deseriptionr Gt | fileseieBuribel GRasdredls, ithe mi~machine
recelver/decoder 020 and represented as resource files. The resource

files conpri @éer@«capﬁth,e anglicationy élaverwapabm block unit fikes dcscnbg the; data SEHEUISS| ock
t fil | i cat
s, o nibdlod'by o0 SARIBREC e ERrpd seliples S e ropseie®

screens, t heoﬁ&itxdﬁfdiltﬁea thatmhsnt Thé agglickioh THeapividetht @Atry Iointy I6¢ @l s
bl ock unit files describe the data structures handl ed by the

appl i cal® or. apphisationst r uct i on sequence files describe the processing
operations..of. the applications. The application files provide the entry

points for tthe 10 appl i cations. The applications constituted in
this way canThe piﬁiaﬁo:fxs d:(ﬁﬁtlt\ﬁ&&iix this waptan ubs daty filed, 8dch as icon 1ibwgeﬁlés,l es,
character font f| colour table files and ASCI| text files.

AN
i nteracti ve image aﬁgﬁhareatﬂ Enmt &ilgs, solowr @hlefiles and ASCIL text filesy Ay mgezactivg
i nput's and/ Of @Mt San also obtain on-line data by effecting inputs and/or outputs.

" The engine 4008 only loads into its memory those resource files it needs at a given

15 time. These resource files are read from the graphic object description unit,
2 fnstruction sequence and application files; variables block unit files are stored in
inemory foilowing a call to procedure for loading modules and remain locked there

until a specific call to a procedure for unloading modules is made.

_ - With reference to Figure 3, a module 4010, such as a teie—-shopping module, -is a set
20 . .of resource files and data comprising the following:
' . a single application file 4012;

an undetermined number of graphic object description unit files 4014;

an undetermined number of variables block unit files 4016;

an undetermined number of instruction sequence files 4018; and
25 where appropriate, data files 4020 such as icon library files, image files,

character font files, colour table files and ASCII text files.



The engine 4008 only loads into its nenory those resource files it needs at
a given 1%098M43s3re. These resource files are read from tRETHEPAPN2IA6

obj ect ‘description unit, i nstruction sequence and application files;
vari abl es block unit files are stored i__n1 _ menpry following a call- to
procedure for |oading nodul es and remain ?ocked t here until a

7ot or ence. + doFt NRECPORE Mk Yol 0OAG SRR £ b FEMPEG ablet Balhs

set 20 OfM_PW!;Hbtdi‘mfa?' e Sfortisttedodsan SOMBE 6f Skttibhs TOMMOMPED data stream
a single application file 4012; an undeterm ned number of

gr aphi ¢ obj eeachcsstion bas 8n'sizs! toffup tos 44kbydes. For data transfer yia thedssrial mnded

nunber of 1 el BR ke Sl molty B8 IRl arg gplininto tables 4B UL TheKEE
data filsgs W&cmmnaﬁaryﬁgmim ﬂfcatfaﬁsf)d,& afedivinge fil es, char acter

font files, colour table files and ASCI| text files. WO 98/ 43433
PCT/ EP97/ 02116 - 10-- I n

t he MPEG dat I I [ [ 0P, Qf I h
WPEG t bl ¢ rEApOBleS Aot nERGIHEEJH e MPEG' SR sfefinchilnd] ot o (BR ke ¥
stream .- typRally 138Mytesnwithin respedtize type ofats stiedih)yfo exainple, Gided data
transfer via the serial and parallel port, for exanple, nodules

simlarly ar#regps; audipdgta sitpms apd deletext data streame  Hagle packet ipprecededsiseei on

NPED dat a st PRt IdeBERBAPIRIFENS Bhs gop EIR dpL oty Packh TebRURRIY e MR OO
Wi t hi n 1@spegith ¥Redny.0 ASprofradith@mep tAM(PNIT tabl} BBt Gins WilHE6f ddtdifferent data
streans, audio data streans and tel etext data streans. Each packet is

preceded by #reams andmiefines the ¢enfentsiof cagipdaty styeam aceerding torthe mspestivie Bler y
ket t | ' . PMT
Pabl ey cont aiithtieh HeE dpIEsty! the préd@h, 5 aiBacoh Ll e WBT AR, (bR |

cont ent s -of:: beifig idtatified usiagnhaPMT thbhg to the respective PID. . APID
may alert a device to the presence of applications in the data stream the

PI D " bei'ng identified using the PMI table.
©  'With' reference to Figure 4, thé receiver/decoder 2020 includes several interfaces;
15 - specifically, a tuner 4028 for the MPEG signal flow, a scrial interface 4030, a parallel
.+i* interface 4032, and two card readers 4036, one for a smartcard forming part of the
«7i< system and one for banic cards (used for making payments, home banking, etc). The
~ I 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

20  the television signal (programme) producer.

L A mémory volume is a storage space for modules 4010. Such storage spaces are

- located in the memory 2024 of the receiver/decoder 2020. With reference to Figure

5, the memory 2024 is divided into a RAM volume 4022, FLASH volume 4024, and

ROM volume 4026, but this physical organization is distinct from the logical

' 25  organization. The memory may further be divided into memory volumes associated
with the various interfaces through which modules are downloaded into the

" receiver/decoder 2020, for example an MPEG volume for storing modules downloaded
from the MPEG bitstream and a serial volume for storing modules received via a

serial interface. From one point of view, the memory can be regarded as part of the



Wth reference to Figure 4, the receiver/decoder 2020 includes sever

i nt er f acesWOM8/43433pecifical ly, a tuner 4028 for the MPEG si §itaVERY? GW
serial interface 4030, a parallel i nterface 4032, and two card
readers 4036, one for a smartcard form adlipart of the system and one
for bank cards (used for neking payments, home banking, etc). The

r ecei ver / decbahdwags; Stom aoothaepoinhof viewy ﬂm:memoa!lcambamgamdrméuppndtmgMn nel

4002 to th.e t eV| Si, 0N a‘lte r,oducer user can indicate
pr ef erences, © fﬁ??fﬂ EDWV@WE H‘c(bﬂf &me) producer.
A nmenory vol urre |s a storage space for nodul es 4010 Such storage spaces
are | ocated in the nenory 2024 of the receiver/decoder 2020. Wth

ref er ence t oltrs gupected that th xedeh@r/dmwaymaﬁ bé desgdcd/aniﬁﬂanufactutedFWWaﬁdm me

4022, FL SH 402 th cal
or gani zat on} R SRR t‘hg‘qyﬁgy’@ e e & 8%33%;;%' ardpyie :ésﬂaxa‘y may
further be ding | ar S
interfaces tmegggh %m m) ce\sémazrﬁem (?g%dgaéﬁ r?f%c Pﬁaexvgpgaﬁtcg&)ﬁ{ W

receiver/ decdltecfoﬁOﬁﬁporkant thactaa]:gmcmlappmﬁﬁondiahmsf i tisd same owapdul every
downl oaded

bltst rial unme_for stor
modul es receF?F&H’e(/f’i%\cogcr’ an tE ?l’%ﬂ"wqﬁﬁ?‘%ﬁéﬁo ahoqpﬂlc%tpoqgllg c'? he

menory can b @g&ﬂi@finﬁﬁn&art of the VO 98/ 43433
PCT/ EP97/ 02116 - 11 -
hardware; from another point of view, the menory can be regarded as

Tl t h f th t t f th
ot tonr 400 e system" (b 8, fantied & epaiiod K8 7 BUITE PEEEIIDE PEPREPULET gned
and manufact yady mscxﬁeu@w Phis is eengh@a ?dwspm%gu B ide the MBiga! fgE1e OF ©

have various different hardware e5| t hey cour se
al | conf or m side),tdnd, onrtee dlner sidor(the Ypwdevelt sidelyrvia Ivlanous intermediates iafical

i nportant that. a | ven I on beh ves in the s on eve

recei ver/ dec BH’é‘? qﬁ@? tC°ratb8 EFSFEEF EW&EB‘“QH’&{H %E%XW%‘F éccﬂ“fcf}dgc"d“

appl i cations hhz‘?lvﬁa?@can be regA8%1 af Mclfiiiig W‘G&iousrﬁo}ﬁ or Em@%mﬁﬁﬁe@e

regarded a centred on a run time engine 4008 for part of

vi rtual 1%¥ac hiabeves(Uig7interfice 2030 faruhe¢ bandset 2026, thcdﬂPEﬁsstmannm&rﬁcd 4028/ the
"high level” 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 reference to Figure 6, various applications 4057 are coupled to the unit 4007;
some of the more commonly used applications méy be more or less permanently

20  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.

‘The unit 4007 includes, in addition to the run time engine 4008, some resident library
~ functions 4006 which include a toolbox 4058. The library contains miscellancous
functions in C language used by the engine 4008. These include data manipulation
- 25  such as compression, expansmn or companson of data structures, line drawing, etc.
- The library 4006 also includes information about firmware 4060 in the
receiver/decoder 2020, such as hardware and software version numbers and available
RAM space, and a function used when downloading a new device 4062. Functions

can be downloaded into the library, being stored in Flash or RAM memory.



side), and, on the other side (the "low level" side), via various

i Nt er medi atveo besa4az| uni ts discussed bel ow, to the redRFVEPYHRHder
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engt ne’ 4008, DRIGRSETRA 0 SRrOIRRts theo Il RNSRANBD P Fuised CoF CRRBOPISASY o0 bt
expansi on or ' icaldrivet 1 Sbviatdd. NCeiafy BdVice: toath€
l'i brary 4006 tg g’g@c?%o?%lr}ggiraﬁﬁeg}c?mt | o%iéa Oll.latt i rrn/varmtla\ﬂ 4068%};‘%’ g[:%némumcat-g
recei ver/ deccnsong?thefiselsesch as hardware and sof tware version nunbers and
avai |l abl e RAM space, and a function used when downl oadi ng a new
devi ce 4062. Functions can be downl oaded into the library, being

- stored i4nFl r Snabt :
CT EPg Ay 1%2;‘ Wil H ddsBREBY Below, there are ¥ roks*of Stnmunication from, the devices
The run ti me 4064iupeto4hé fur time enginexby meansefvariablesfors,4mdvedsts owhicls are

coupled to - a set of devices 4064 which are coupled to device drivers
4060 whi ch. arRassed o7 $pt Of eVent QYENSSeq o the ports or interfaces. In broad
ternms, a device driver can be regarded as defining a | ogical

interface,”so that two different device drivers may be coupled to .5 a
comon physi daltepmus of the designers oxiprovisiersdf theseoraniohs funistions; thel applicationsrwillt han

one ‘device-driver. if a device is coupled. o a.singl e devigce dgiver,
the devi ce. wi 19 EGRGFRA Py, varioud stiies (Brassamime] providety pAPRAER LTIE Ghgie wil be
functiongsit yddsiaie aﬁdipf&ideawm@sfs@ém Qthofiy ér'ikigner. Tht devies ethnhgér, he

separate d'E\z-_i"ce". drirver is obviated. Certain’devices may comunicate
armong t hensel deyices, antiche deviceitiverywiltibe pravided tydhe mceiver/decasiermanifacturerof

communi cati Oh(h];{d%v@ré rfneovgI e\{'j..c ¥ will however be realized that this correspondence between
' the various levels of the receiver/decoder and the three levels of providers will not

. normally be precise. For example, the system authority will also in practice normally

20 . . provide some of the applications, the receiver/decoder manufacturer may be involved

in the logical device design, and so on.

~ Each function of the receiver/decoder 2020 is represented as a device 4062. Devices

. can be cither local or remote.  Local devices 4064 include smartcards, SCART

.. -, connector signals, modems, serial and paralle] interfaces, a MPEG video and audio

25 .. plAyer and an MPEG section and table extractor. . Remote devices 4066, exccuted 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
provided and designed by the receiver/decoder manufacturer.



4064 up td the run tinme engine: by neans of variables, buffers, and events

whi ch are WO'98/M3§¥ssed to a set of event queues. | n PEFERIH21i6 e
designers or providers of these various functions, the applications wll
be generated by various service (progranmg) _providers. The run tinme engine

will be 15 desi gned and provided by th& system authority or designer.
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represented as a device 4062. Devices . can be either |ocal or renote.
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nodens, seri d I ls - A n i er
od on vee HeuiE B s8-8 indlebioh A Rew Hullilons YitER BR teBHfliRuctier A
a renot e | ocadithodt affedtingrthé r3tof deodofeateces in that a port and procedure
nmust be defined by the systemauthority or designer, rather than by a
devi ce and devi ce driver provi ded and desi gned by the

Ira(éfl:./e :E\ISS;; ggiﬁg@rdem%%atg‘& 9068 is a commélx\f)sgf%'ér%nﬁg’crface between tPg application

When a n@w deose and Qe spetificy foattishs oft the aeceiveridesodir 126d0) NTR idevice Gnanager
recei ver/ decoders 2020 l% downl oadij nig the rel evant application 4056
from t he br 04868 sontzelstacesss tpidsvices 4063 sioslasesareseipt of ganmerpested evemteand
recei ver/ dec r 20 plication 4056 which checks the

har dwar e and%gag?g%aglg‘é\%?gﬁgﬁg and, if correct, |oads the software nodul e
5 ' representing the new device 4062 and asks a procedure of the library
4006 to install . the new device code within the firmvare (in Fl ash
menory) . Thi $heann fmeangine 4008 runs yndex the|congakofthe mHeropracesior apd a fommazew
functions w thi : ﬁ&ﬁiiﬁ] r- ' : ; | f@d est
of the soft \N;?F gﬂcahﬂﬁ PE 2{ e\?/t"lg‘-’f(%l gg'na%gggfe %%geelp’g{ %&%ﬁ@g@#%% e

i nt er f adeS . betsorthat dlveceipaidecaddro 2020 are identical from the application point of view.

. The engine 4008 runs applications 4056 on the receiver/decoder 2020. It executes
. interactive applications 4056 and receives events from outside the receiver/decoder
2020, displays graphics and text, calls devices for services and uses functions of the

library 4006 connected to the engine 4008 for specific computation.

20  The run time engine 4008 is an executable code installed in each receiver/decoder
- . 2020, and includes an interpreter for interpreting and running applications. The
engine 4008 is adaptable to any operating system, including a single task operating

system (such as MS-DOS). The engine 4008 is based on process sequencer units
(which take various events such as a key press, to carry out various actions), and

25 .- contains its own scheduler to manage event queues from the different hardware
| interfaces. It also handles the display of graphics and text. A process sequencer
unit comprises a set of action—groups. Each event causes the process sequencer unit

to move from its current action—group to another action—group in dependence on the



10 4056 and the specific functions of the receiver/decoder 2020. The

devi ce manwgegs/43433 4068 control s access to devices 4062, JdBCTEPEHO2AtTei pt
of an unexpected event, and manages shared menory. _ The run

ti me engi ne 4008 runs under the control of ;the mcroprocessor and a comon
application programm ng interface. They 2dé 1 nstalled in every

recei ver/ decoder 202 so that all receiver/ r(atg‘%)ders 2020 are identical

15
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applications 4056 on the receiver/decoder 2020. It executes
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4008 i s &daptsedplenceounitsy dpadditiongthsyes¢annbe twe distinctdogical clginaels axfithe same
operating: system (such as - DOS). The engj ne 4008 is based on
process sequé)‘R"ePylﬂﬁiatEhys‘ca Po’(tvai?EHh? °v5?9%o&ﬂl§v'é‘fﬂ change ‘!@ gfggyse
press, to carfl.: i | : i | k:Se: r
o mmnage ovarduint e B teesp Rtaiper wilh Soto infAl e (nelianal) T IRFE

al so handl es prbeessisapleagerafnitgwilpbe ceeatedd t ext . A process sequencer

unit conprises a set of action-groups. Each event causes the process
sequencer unit to nove fromits current action-group to another

action- group B¢Bnfpistd Peode load 8/ad 48%mload applicati 6 int
PCT/ EP97/ 02 1}2& &%ﬂﬁ% mipPists Weode loader oAl ath oad applications 4056 into

char act €10 of théieeceiver/ticcodatimemoryk 2028. e Qnfye thectieicessarydodelieloaded futo therRA4Moup.

As not ed above,._,a,l ogi cal .chagpnel is distjngt froma  ,physiga ort, § hat

there can H?%‘rmg%%llﬁ% Rl e ’é’?ﬂilﬁF'nd@‘?ndBWé&agﬁ#d tﬂdﬁﬁ&ﬁlgffgi ng
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5 S a I'm add

passed to respective different proces equencer units. I tion,
t her e *can’ b¢ drithe exesnfion of amyyimmthorized applicatibnt IEheseangine 4008 futtherecongirises a

physi cal :por e L3l 33 SARLEL IS & Kot DAk Rath) doddf " BiREsed
15 forspace saving and fast downloading from the MPEG-2 transport stream or via a
S 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.

20  The main loop of the engine 4008 extracts events from the queue means and actuates

-~ the associated process sequencer units accordingly. At every traverse of the main

- loop, a procedure is called up to receive external events (such as pressure on one of

“* the remote control keys, reception of an MPEG-2 section or a message on a serial

7" port) from the event interface. All events, whether input to the presentation function
25 (di_éé_ussed below) or received through an interface, pass through an event interface
| before being processed by the engine 4008. For each detected event, the procedure
'édﬁxprises a message, called an "event", which is put into one of 5 queues of the

engine 4008, with respective priority levels 0 to 4. After the call to the event

~ interface, which fills the queues with events, the engine 4008 searches the queues in



require its own process sequencer unit, so two instances (instantiations)
of the samdV098/4343%r ocess sequencer unit will be created. PCT/EPSfi{2116
engi ne 4008 conprises a code | oader to | oad and downl oad applications 4056
into 10 the receiver/decoder nmenory 2048..Only the necessary code is

| oaded into the RAM or Flash menory, in order to ensure optinmal use.
The downl Oad%&aéﬁde@easmgf ptiedty (from 16%€] ANt WVRE 0) if6R hh @RefEC NP &verkt Qo
prevent any nodification of an application 4056 or the execution of
any unaut hor ifewst isosmaysdifeom tho,guenggndcused 38 iftuatenthe Rroesss sequencer unit for
deconpressor. the .appl cation code (a formof internediate code) is
conpr essed 15"'&%]?65'{%” la‘f(’:lgéds:'avi ng and fast downl oading fromthe MPEG 2
transport streamor via a built-in receiver/decoder node, the code
nmust be deconpressed before loading it into the RAM The engi ne 4008
al so. conpr i sBefare usingrthe sewices ofi anyedervice 4002, agpbgram (sweh as an applikatipn

update variouys vardi abl e values and deferm ne,staty hanges nd an_err.or
checker | 3 odtstiigtiof deenpetfsop b declafid B sotsath loftdb ectogial pee Ry e
queue means aRd daeict 3066 or the deﬁiéhemﬁﬁ@? 40684 PhO Gfhg&GHVEBE clitht 4 Elient
accordingly. At every traverse of the main | oop, a procedure is

cal | ed up t o numherwehicl isrefietrecbtocint all gensssesdo the devige.c Andaviae 4366 can havehe
renote control keys, re tion of. an G 2.section a_nessage, on a.,.
or 8 Souria) et maher et ek preten e dufh bineRerat fpsfiing,
the present atdipihe itymeof @ivice4066( dASHEEERUANREHEIN 16 the &S5tV 4TE6BY PpfbRcdite

I nterface, pass through an event interface bef ore bei ng processed by

t he engiHe 40EB:viceo Opsadthanseléct Thisqweendure hssignsoc dient aumbenty theedlieat. A

nmessage, called an "event" i.ch. s put intg e,.of 5 gueues of t .
oot e 400, Sieph o8 ERkn put'th RS atdic Hlapast 4988 Suighe 8 By EiSecatuse Mhevice: e
event . - 1 OlloS¢ Thagmelmhi ch fills the queues with events, the engine 4008
searches the queues in WD 98/ 43433
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order of decr.gasing priofit m|evel, .4 to level 0) for event. .The
event .so 'ﬁmf Bﬁ‘f‘%&gitg 4"‘5}%653‘@6% &V{dﬁg bc?'uglafe dgyige Jaamtet, 4@@? Lfa?g’et flgner
process sequesyaclirodbis of &ynchronous\hiRdR sivhcliréndust #066(la procedure "IRaicy: €alisi ng

the servi-ces.of any device 4062, -a program (such, as_an applicatiaon
15 ~ is used.” This is a means of accessing data which is immediately available or a

‘functionality which does not involve waiting for the desired respomse.  For
ésynchmnous access, a procedure "Device: J/O" is used. This is a means of accessing

- data which involves waiting for a response, for example scanning tuner frequencies

* to find a multiplex or getting back a table from the MPEG stream. When the

20  requested result is available, an event is put in the queue of the engine to signal its
- arrival. A further procedure “Device: Event" providéé a means of managing

" unexpected events.

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,

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

Communication between the run time engine and the applications is also performed
largely via two types of process sequencer units, graphic object description unit’

process sequencer units and an instruction sequence process sequencer unit.



5 I nstruction sequence) has to be declared as a "client", that is, a

| ogi cal acea>es8/43433 t O the device 4066 or the devi ce noPCHEPIHGMER The -
manager - gi ves "the client a client nunber which is referred to in all
accesses to the device. A device 4066 canléave . several clients, the

nunber of clients for each device 4066 being specified depending
the type of B essentinbwof vhccqnempnloi thnprmmwmmmmmsmmeesmbad

procedure 10 ) annel.y. Thi.s =R ”ns a,clien
number to thebycF‘?’bgﬁiennﬁt OPCCB tthggap&xéc P “Esé“‘r‘fé fBger
4068 client |degheney ploddsPSRMeh®r ubRY; thE operation o@'tﬂé@th@f‘ que cer unit§ N€
access to devi ges 4(5’?0 prgﬁqded by t’he deV| ce nmanager 4868 can enelt her

synchr onous ds simijarch ﬂ&ncgmphncobjesyd@nnpmsm@cm s@gllpnwamnsenm| the:
Call" 15 i s _used ans, of.. accessi ng data i

redi ately JouTgsbine it tacs, did TR Rt esic Seont heiicass atteter, Pt grsgutes
wai ting for tiignieih'seghenbalinesonse folstruction RYUEHRRBAMDNICHESE re%cxved

C

procedure "Device: |/ is used.” This is a means of accessing . dat a
whi ch i nvol vaom/athmg@ln@robmt dmupseg unisr processpsequencen minitg  t (Ase instruction
frequenci es ind a rrutg | ex or ett| Cﬂ bac ﬂltn&%ﬁ Sromthe MPEG
stream V%erfeg“eéxcgdsasnv.&&g%g 5%7‘ ﬁtﬁlcé? $Jis put in

t he queue ,of the engine to signal |ts arrival. A further procedure
"Device: Event" provides a neans of nmanagi ng unexpect ed events.

As not ed -abou&, presentatiom furstiono¢omingnicating i withethgi esgine 4008ladrhinistezs the
vari ety e nmain |.oop_encounters

t d wh t
an appr ogéi at RICEpaY m%eoi‘;tex %nce&#gé t@%ﬁ&éﬁsﬁsﬁg@ £ PFSeRtation Of Fnd BT ¢ he
process sequeffighs ihkengine 4008. W&rﬁﬁb‘aﬁﬂm@‘i}é’\@@dﬂaﬁd‘&: de%%lﬁ? ophgk ne

and the applications is also perforned largely via two ty

process sequdslegisiamset 2022 raapl Hha:um Ryt mth;a@rwth thenapplication 4056 by ORaES of
sequencer unid Reybbd{bsl}thictekh 08 R SSHRE SRR S RoER GG U ¢
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The essentlal S of t he operatlon of the process sequencer units can best be
descri bed: ¥ A graghie shisridescripion unib processi ssquencer: Nait geegitascqusny events from

e AR v, SAEUPRRS IS o35
_ «7; - the corresponding interface  file 4014. = It then uses the graphic functions of the
:.;-interface to trace the graphic object on the screen of the television set 2022. The end

:..~.user can use the four arrow keys of the remote control 2026 to move around the

: . graphic object. Every time that a key is pressed, an event is processed by the graphic

20 . :object description unit process sequencer unit. When the user validates a choice

using the VALID key on the remote control 2026, the code of the event is processed

by the graphic object description unit process sequencer unit, which generates events

_Tequesting instruction sequences to be run and sends them to the instruction sequence

-, process sequencer unit.

25  When the instruction sequence pmc;ess sequencer unit receives a instruction sequence
execution request from the graphic object description unit process sequencer unit, it
--.reads the corresponding instruction sequence file 4018 and loads it entirely into

. .memory. It then starts running the instruction sequence and continues until the

instruction sequence is finished or until it- encounters a function called rerouting.



Is simlar. The graphic object description unit process sequencer units
manage t he WQ”’ A- machi ne interface, and the instruction sé’ﬂé‘%’g’oﬁ’rl&cess
sequenceér unit executes i nstructi on sequences in response to

i nstruction sequence execution requests r+ddetved - fromthe graphic
obj ect description unit process sequencer unit. (An instruction

sequence is a Lthe destriction Sesusnes isofinished rthe sysiem rebums toepeladbrough the
A presentatiopn_fu t engi ne 4008 adm nisters the
10 pr esentmﬁ%gfﬂi]g%%%é%%gpﬁfac@% dPﬁ‘ég‘end user, and the

presentation of end user actions to the engi ne 4008. The text and
graphics are overlaid on the dlsplay on the tel evision set 2022, and
the user nmy Thererasetalsn severdhdowmnlodding porecsD58uoncereunits whose functien is to

keyboard n termto e rol |l er, 2026
gr)altphi c OEFZLP‘%& %F SEFeH RiR %cs%qﬂﬁ(gég &%gﬁﬁ@ﬁv r@@&q%g)a%gw:ons
events frgm 180s6. the tel evision screen of the end user, and processes such

a query by starting to read the corresponding interface file 4014.
It then uses the graphic functions of the interface to trace the

Jan use t e Beftahs B L ots feyike SiRgR Ry Sibeiso0 it BB Fvsnin e
graphi c obj ecthe §Mtes dre Paséddaforatekipibrar§ d86:age.cd. APBuibR intkal! Qﬁé‘wasmby
the graphic 20 obj ect description unit process sequencer uni When t he

user val i dat emaghiphe¢nsis a signal ta hisqpeue o WALacDﬂweszrsbﬁcm rﬁ;om éroThiscyent itdm

2026, the codg of the event i he L c obj.e
description uli®®y (?eas%“egga{%ﬁ@r@oﬁﬁ‘rmetge Yiruah ”tféh‘é‘Fat {he priority
requesti ng i Nfvel6t ihe tveMAa)GE s inSerkd inttthe MhpfopRidte 6&669 the stdi\feues 0 to 4.
i nstructi on sequence process sequencer unit. When“t he

i nstruction s@p@@ham@mc@ém&mqmmsﬁu@w mbﬁaIQ\‘§3¢ SRlG‘Ft@huméq%nce
execution req a t description unit process
sequencer uni tﬁé ée&g&&%ég%: R{ﬁhtgmggbpglgpondl ng instruction sequence file
4018 and loads it entirely into menory. It then starts running the

i nstruction se jluence and continues until the - instruction sequence is
fini shed or on an evené dv Selested drom tha Quenccstructererdlo if isrppssed to a progass
Igagfrf'égg‘;’ /02 11%equencer unit engine 104, which consists of a process sequencer unit df:yer 105 and

Wien t he 15nst & gett dfpRocess| sejdeficer wnits D06 h eEhch phcesy SdqRehdee utit iSa ket of)aetion-

t hrough t he
groups linked together, so that each step from one action—group to the next action-

group is, in general, dependent on the current action—group and the nature of the
event.  Different process sequencer units have different sizes and complexities,
including one in which the "next" action—-group, ie the action—group to which the

20  system steps on in response to an event, is dependent solely on the nature of the event
but is independent of the current action-group. Also, as is shown at the right-hand

side of the process sequencer units block, there may be several copies of a process

| sequencer unit, ie several identical process sequencer units, to deal eg with several

separate data streams using identical protocols through a single port.

25  'When an event is selected, it is passed to the appropriate process sequencer unit.
This selects the appropriate outlet from the current action—group on the process
sequencer unit. This results in the appropriate next action—group being selected and

the actions in that action—group being performed, involving eg the sending of a



main | oop for acquiring events and reschedul i ng. There are al so
several dowwu ssa3di3zg process sequencer units whose function iREREPIT/02116
process- the various protocols linked to the different vol umes containing
applications 5 4056. Referringigo Fig. 7, the device nmanager
includes a queue 100 into which events from t he devices are passed
for tenporar ym&badeagahe dé¥ics tiahaddr orithé execation of b énsthuctio®bequence, AétivnRe
sends a signal to this queue to extract the first itemfromit. This event
item i STOHPSSE the PrpCgbfobrauencer anilicen plpp send teNent,nessages tenetherprocess
Dependi ng on e lonjty 10 | evel of the event item it is inserted into
the appropri g%é\xegﬁéngy{st he 5 queues 0 to 4. Event itens are
extracted fromthe queue structure 101 by a queue selector unit 102

under the control of the run tinme engine. ~  ~  \Wen an event is

sel ect ed fror¥ atisstipetion sequenes is selented, the identification dfithe inspuoies sequence is

sequencerg unit _engine . 104 which ¢ LSt f rocess. seqyencer, unit.
driver 1 a_ﬁ&m_lg’ga %&Pﬂ‘é@%@g&%@@@gj&@hcgﬁa rﬂ%fagnslgg, H?é’i? Igstouehion
sequencer Uniggqichcd fidth £ insBtticiNsequence nidfddP 1081 AHE PadseP $ BE . inSQudtivat
each step fromone action-group to the next action- group I's, In
general , depengunsce dnterprterc1(; aviichhexdcutes gheinstruetipnt sequenceur e of t he
event. Different process sequencer units have different sizes and

conpl exi ti es, ~including one in which the "next" action-group, ie the
action-group THe eteahalkd nol€tes SHEEETNO0S whikh RMohded WRRARER thPesPély Hofthe | S
dependent solely on the nature of the event but is independent of the

current acti @oeps®sgquepgesainita d06s Whemranavenhitemiig passad ftpm the quatieddOoi t he

process quepcer.  uni | o t her e “er, e f. a .proces
Cequencelt uniipe ultE g e AP SRRE 10 45 1Bk SRRl hpding R BER°,
Wi th sever al “character $sSRatchédaghivist tifel 1ist & the i fen 4 10,0@dtif ftdb o & fpewhish idheugh
a single port.” 25 When an event is selected, it is ‘i)asse to the

appropri ate peergaizeds dqiserriegtedsni (This ensuresTHhat if sapcthe dayi

ayéceapFnegari on the
outlet fromt rent L Q0 : . L.
Thi s resul s PP EERPER PP BBe Wit e ShAE Bhchns conp R MA1VEY il
t Pe acti ons- te\xgﬁtg g}-e gagpgesedgb ehpqistiesguctard D01Te dIf evemslof ithig kixgl whe mesedi ng
of a . - WO 98/ 434 -
PCT/ EP973%21:48 the queue structure 101, either they would accumulate in that queue structure or

"“!‘they might cause malfunctioning of the process sequencer unit engine 104.)

~ 1t will be understood that the present invention has been described above purely by
" way of example, and modifications of detail can be made within the scope of the

“ invention.

20 - Each feature disclosed in the description, and (where apéropriate) the claims and

' . drawings may be provided independently or in any appropriate combination.

In the aforementioned preferred embodiments, certain features of the present invention
have been implemented using computer software. However, it will of course be clear
" to the skilled man that any of these features may be implemented using hardware.
25 Furthermore, it will be readily understood that the functions performed by the
hardware, the computer software, and such like are performed on or using electrical
and like signals.



- 18 - nmessage to the device nmanager or the execution_of a

i nstructi oWG¥W Bd¥ce. Action- groups in the process seﬁgyﬁ‘moﬂmt
can al so send event nessages to ot her process sequencer units.

If a instruction sequence is selected, thejgdentification of the
instruction sequence is 5 sent to a instruction sequence sel ector 107.
Thi s obtains Chéssdefrévg is Rsddeutotdu to~pending apipléuations, rallbéaring thé $aine Hling
sequence nenory 108 and passes it to a instruction | seqguence
interpreter 1dae, \mﬂcmtéﬁdcﬁt%él {Geaeration and iBrpadeagting) {Attorney Referanas no.

the oS or oBEUASERGR YN, shifieitor S8 WitR RefiAl et B BraidaiisiEaly
the queue 100apd Redeivet (AttBRiIcy CRefeEMAE No.! PCIASBA9708), Broadeastr and Reckptiddre
virtual machine, its type or character 'is matched against the list in

the filteb 118ystemd i Conditierial o Acpess \fystom i themefor (Attorneyc Bgfarenes, Ne. i s

rejected. Thi r aty i f t he Vi C g or t ... _keyboard
gener at es eve%@ﬁsg/@}%em%%{% i %W?%Wnﬁﬂnﬁo'?ﬁﬂsﬂﬂﬁtﬁ% a
those evRBéiveADecodeF 7S edomPuich e (AtiSiney S Reféibntee NO.1. PCIASBIYSOTLL, Of
this kind were passed 15 to-the queue structure 101, either th:?/ woul d

accunul at e i nTransmispien end t(Regeptimmeob Television PregramimestandaOther fdata (Adtomnyt ng

of the proces equencger i i 104, . t mill be der st aqd
that the pr esg???r_ ef}f?‘?-oW&%«Zﬁ%@&%‘é@%&é%ﬁ&%ﬁy Referen 06‘)'0f
exanpl e, 1@nd PeYAKREEFIS))S CompiRérdi Megity DeOrgRsisatidr N{Attdrhiey S RefRele tNB.
i nventi on. 20 Each feature disclosed in the description, and (where

appropri ate) PEEASBAIYE4hndelevision wraRiadigs CanjrobeSystemi Msuelopmept {ddtornsy or

in any approptj ate combi ' Lot akor ione refer
enbod?/rnelgllto s, P TERGT &ga? g?égﬁ&g 1 Bxiracting ﬁ%ﬂ/&ﬁ?‘ﬁ)ﬁ o 2 %ﬁ%@:tﬁ%{eﬁﬂm
i npl enent ed usiuresmc?mwﬁ@f Refeidnos No. FEYASB?I9716), Abtddss Qfonﬁ'@lJS?ﬂexhﬁ(Aﬁioﬁéy
to the skilled man that any of these features may be inplemented using

har dwar e.* 25 reﬂsmmarmrdAsnlmm,-‘ Bats Psepessing ripstem dAtomex: Refegence No.

functi ons ger e r t [ : h
| i ke ar eﬁggr f mg@ &?ﬂ uaglldngméflgagi %@a@m’% H6n g&%&’ [ gslg%ég#\v;elr@ecgg& it
- Remote Controller therefor (Attorney Reference No. PC/ASB/19720). The disclosures

. - of these documents are incorporated herein by reference. -The list of applications

includes the present application. -



WD 98/ 43433
PCT/ EP97/ OWD198/43433__ - 19 PCT/EP97/021X60S S
refererice is hade to our co- pendi ng appl i cations, all bearing the sanme

filing dat e, Genpgr-ati on and Broadcasting (Attorney
Ref er ence no. Hﬂlﬂgmmnﬁumﬁ rtcard for use with a Receiver of
Encrypt ed Broadcast Sighal's, ® * %hnd Receiver (AttorngyTHg! SHRETCRASNBEEN

PC/ ASB/ 19708%| Br ogdcast and Reception 5 System and ConleEheég@D Accegs
System ther ttorney Reference No.” =~ PC/ ASB/ 194103~ WRH-S-aeH-Rg- a

Computer File froma Transmtter via a Recei ver/ Decoder to a Conputer
(Attorney Reference No. PC/ ASB/ 19711), Transm ssi on and Reception of
Tel evi si on Pt.ogr aNuesexaemieﬁbdmfoDatﬁgx(aNtelevisim system, [Gofnprisinge No.

PC/ ASB/ 19712) , Dovvnl 0 g Data (Attorne Refér ence,No, 10 PC/ ASB/ 19713) ,
Conput er NErmry oz %‘FPSPWP%ﬁg ripesigwal;

PC/ ASB/ 19714) , V,
Ref erence No. PC/ kgé‘} 5“?%?‘?“@??%&% S{S’& %gxﬁ@éﬁ{&iﬁfﬁf%n@gﬁ #éném
Dat a 5 Soraappliyiig the nelpvisiohasighal e Aitele¥lSioASB/ 19716) , Access Contr oI

System (Attorney reference No. PC/ ASB/ 19717), Data Processing System
(Attorney Refer end®seignpytcintertages/andp/ 19718), and Broadcast and Reception

System and Recei Ei%’m A;,ﬁﬂrney
Ref erence No. PC/ i?ﬁ%%gﬁ'&e%% d?%ng°1l eere(agﬂreflajf'&oﬂﬁr wgé&%g#ec%t s are

i ncor por at edinpat efignalsy rechexde tiroughitthe | aser hiputidipterfaed,i s computeri SGtanles
the present applicatio

S20-" o comprising:  dévice mABAREE AGADS JOE Feqeiiing sigaplsifrom 5 lusality of poghal s,

said reg | ve | R{gTo WP means for receiving
signal s romﬁgjg’l%ggﬁfr‘%ta Sﬁhg%gsaﬁndd providing data to said ports;
at | east. one . appl virtuial mchme meais| obﬁpla@ ta thurda&ioemnaﬂagehenms,ecompﬁsiﬁgoder

in accordance with the recel SI gn
vi rtual e hmﬁensrfer Pﬁ?céisé‘&‘;l I"ﬁﬁ’f’ éﬁvl"’Pé‘FﬁWE@' Tpeans;api ﬁﬁ“%%&l@at&nd
returning . thereto.

.vxin, 20 7% A receiver/decoder according to claim 1 wherein the virtual machine means
15  comprise an operating engine, a library of routines, an interpreter, storage means for
storing a plurality of instruction sequences, queue management means, and buffer

management means.

3. A receiver/decoder according to claim 1 or 2, further comprising:
a plurality of interfaces for coupling to external units;
20 said device manager means comprising at least one device means associated

‘with either at least one interface or with at least one function of the receiver/decoder.

4, A receiver/decoder according to claim 3 wherein at least one of said device

. means coupled to at least one device driver.

S. A receiver/decoder according to claim 3 or 4 including a plurality of
25  application sources each for providing an application for controlling the

receiver/decoder and/or the television, and- wherein the operating engine is located
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data thereto, wherein said virtual machine conprises an int cfo
g sal d at

i Nt er pr etWQ§8/4333| "ﬁ ne application and executin
| east "one mterpreﬂﬂll mmu ml ,"ﬁ accordance with t dat.a
recei ved fromsaid recéivi ng"' mens to certel said-fundt IR SHEEThieAS BEEN

recei ver/ decoder. 10 A recei ver/decoder accqrdi ngREPLAJEg m 1
wherein the botmaarthmmiicn%ommeqswd the device meang,randin

processing data, recei ved from neans.
recei ver / dec FRECIVIBE & °f36°‘t'1tﬁﬁ‘?%%gﬁ°¥ M‘Fﬁ‘q@ ﬁﬁdpassmg the! to the
a plurality @f gglh‘gterfaces for coupling to external units;

sai d receiving neans conprising at |east one | ogical device representing
ei ther an 15 interface or a function of the receiver/decoder. 4,

A receiver/d coder accor di o cl ai 3 ecein | east ,one of .said
| ogi cal devi fes °1‘r’§f/°f°ga‘%? T 8C%08 13 d&é@”ﬂrﬁam‘mn the operaging engipe
recei ver gdecQg@hr tm%gé}ﬂfaﬁﬂyéggﬁfék%&e%e&m d’t‘e&@ REaSitd ReSRILRE | S

| ocat ed said east “one app |cat|on a sal d at Ieast one
| ogi cal devi mz,ansafut ektred:ting@mmsmm thepjuenaimenys aifd aptuating thoassocieted\proggss
events generated by the rec vg'ing means and passing the events to
“the operati n@e%’ﬁﬁf;%e“mts accordinglys A recei ver/decoder according to claim
5 wherein the operating engine conprises a plurality of process
sequencer units associated with the device, and neans for extracting events
fromthe quefes awdrmiwm‘déan@ct arording to eithat qlaiocs os 6dadudingdfiltarnheans for
accordingly. 21 - . 7. %ﬁr ecei yer/.decodey %CCOI’dI ng
to either cl &PW‘B“%P“G"?‘H@%’&F?@“% 9f; qvent types b fec?ﬁtﬁ'én%lfpe cvent in the quENg
agai nst 4@ | i $ieané. event types before entering the event in the queues.

8. A recel ver/decoder according to any preceding claim V\,herel n the
virtual machi ne

8. A receiver/decoder according to any previous claim, further including means

for storing at least one application.

9. A receiver/decoder for receiving broadcast signals, said receiver/decoder
* comprising: '
15 means for controlling the receiver/decoder in accordance with received signals,

said controlling means comprising:

means for receiving signals from a plurality of ports and providing data to said
ports; and

virtual machine means for processing data received from the receiving means

20  and returning data thereto.

- 10. A system comprising a plurality of receiver/decoders each according to any of
claims 1 to 8, wherein the different receiver/decoders have a common virtual machine
means and respective different device manager means coupled to respective different

circuitry.

25 11. A receiver/decoder substantially as herein described.
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conprises a library éﬂwn ﬂl“rlwuullAHML 5 9. A recei ver/ decoder
accordi ng tWOas8i§34p3 e I ik in the virtual machi ne PCT/EP97/02116
conprises storage means fr *st8rihg a plurality of instruction sequences.

10. A receiver/decoder according to anysprevi ous ¢==j T her udi ng
means for storing said at | eastzgone appli c@ﬁng’ EET HAS BEEI‘F_L

11. A receitger/ decgsten sslseantially as by desceibedi no |cl ai meQACED i i 1h

tel evi si on system 10 conpri si ng: means for
receiving a conpressed MPEG type signal;” =~ - means for

decoding the received signal to provide a television signal

nmeans for supplying the television signal to a television; and

a user input interface. 15 12. A receiver/decoder for receiving
broadcast signals substantially as herein described.
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