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PCT/ 1 B98/ 01627 , MULTI THREAD DATA
PROCESSOR WO 99/1873he -present invention relates to an appafGkiBdsNe7
processi ng di-gi tal audio-visual data, in particular a 5 ° decoder for a
digital television systemincluding a nultithread data processor. .

A software based systemfor controlling a decoder ' in a digital television
systemthat uses a virtual MULTITHREAD BATAPROGESBOR| ne engi ne for
processing digital television data and downl oaded applications is
described in the PCT application PCT/EP97/02116. This system possesses a
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with the often lengthy tinme needed to downl oad data can result in the
The system described in this application uses the principle of a single file queue-based structure for
15  controlling and processing events that arise in the system. A number of disadvantages are associated
with a queue based structure, inciuding a relatively stow response to high priority events and an inability to
efficiently handle a number of concurrent inputs into the system. As described, the system includes a
number of process sequencer units. Although the system can prioritise the operation of such sequencers,

once a particular process is started, it is not possible to change to another,

20
These drawbacks of the structure become particularly acute in the case where the recsiver/decoder
includes an interactive application. For example, the inability of the system to change tasks in response to
a priority command combined with the often lengthy time needed to downioad data can result in the
system being locked into one operation despite commands from the user to change to another mode.

25

There is also a need to simplify the device driver structure of this known system. Communication
_ between the rup time engine and the hardware level devices of the known decoder is handled by a
plurafity of device drivers, the overall organisation of which is handled by a device manager which
manages the prioritisation of event messages and their input into the queue structure of thé process

30 sequencer units. As discussed in the application, whilst the tun time engine is provided by the system
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itis an object of one aspect of the present invention to overcome this problem.

15  According to a first aspect of the present invention, there is provided an apparatus for processing digitat
audio-visual data, the apparatus having at least one associated hardware operafing systemn associated
with one or more hardware devices for transmission and reception of data and in which the apparatus
further comprises a data processing system including a multi-thread virtual machine adapted to, inter alia,
receive event messages signalled by the hardware operating system and to assign corresponding event

20  objects to one or more threads, and in which & thread including an event object may be suspsnded during

the course of its execution to pemmit the execution of another thread.

Through the use of a multithread architecturs, the present invention thus enables the system to respond
effactively to the arrival of events received via the external interfaces of the apparatus, allowing rapid

25  treatment of high priority events during the temporary suspension of non-urgent processes.
In one embodiment, the virtual machine has a pre-emptive multithread architecture, in which a thread is
suspended during the course of its execution upon the creation of a thread of higher priority. Whilst this

embodiment is preferred for its responsiveness to priority events, other embodiments may be envisaged,
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respond to an event nessage 5 signall ed by the hardware operating system
by st ori ngnéangdiekonotieatiormio amtkeror nore threads in a priority
or gani sed thread queue.
15  Notwithstanding the fact that event handiing is now effectively carried out by the virtual machine, the
system may nevertheless also comprise in certain embodiments one or more device drivers to serve as

an interface between the operating system of the virtual machine and the hardware leve! operating

system,

20 in addition to events arising from the hardware operating system, the event manager may also be
configured to respond to event messages arising from within the virtual machine or from higher level

applications.

In preferred embodiments, the order of event objects within a thread may aliso be prioritised according to
25  the priority of the event and/or the arrival time of the event. This may be in addition to the initial

prioritisation carried out in the assignment of instructions to threads in the thread queue.

In one Implementation, the virtual machine may also comprise a routing table containing information
regarding possible event messages and addressable by the event manager to enable the event manager

30  to determine the thread correspondence of a recelved event message. This routing table may also be
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openness of the systemn is nevertheless limited by the code used to write the applications which sit on top
of the virtual machine level in the known system. As described in the application, code is written in an
15  interprstative language, which is downloaded Into the receiver from a broadcast centre and interpreted by
an interpreter in the virtual machine.
Atthough the code can ba chosen to be a commercially known and standardised language, problems can
arise, for example where the receiver has to process applications written in two or more different codes.
20  This problem can arise, for example, where the decoder is introduced in a broadcast system in which the
existing decoders in the field are adapted to receive applications written in code different from that used in
the present decoder. in such a case, the operator may be obliged to download a given application twics;
once as written in the original language for the existing decoders and once as written in the new code for
the new decoders, As will be clear, such an operation is relatively inefficient in terms of the use of

25  bandwidth,
It is an object of a further aspect of the present invention to overcome this problem.

According to a second aspact of the prasent invention, there is provided an apparatus for processing

30 dighal audio-visual data comprising one or more hardware devices for transmission and reception of data
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20
The present invention is particularly applicable to the situation in which one or more of the interpretative

languages corresponds to an object oriented language. In such an example, the machine may examine

for the presence of a header message associated with a class file in that language.

25  in order to implement the code, each interpreter means may execute code with reference to one or more
function libraries. Preferably, a commeon function library is shared by a plurality of the interpreter means,

in order to reduce the amount of memory needed for the function libraries.

Notwithstanding the presence of a common function library, one or more of the interpreter means may

30 execute code with reference 1o a function library exclusive to that interpreter. This may be desirable, for
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than the implementation chosen by the receiver/decoder manufacturer will be less than optimal as

compared to the needs of the higher level elements of the system, such as the virtual machine, designed

15  bythe system authority.

1t is an object of the present invention in a further aspect to overcome some or all of these problems and

to-provide an improved system for management of memory within an audio-visual apparatus.

20  According to a third aspect of the present invention there is provided an apparatus for processing disjital
audio-visual data comprising a data processing system including a memory and a memory manager
for allocating and storing objects in the memory, and in which a first set of objects are allocated by the
memory manager with reference to a set of handles, each handle including a reference to the memory
address of a corresponding object, and in which a second set of objects are allocated and stored

25  directly in the memory without reference to a handle.

By dividing the memory between objects accessible by a handle and directly retrievable objects, the
present invention distinguishes between a first set of objects which may treated in a number of ways
by the memory manager to optimise memory space, as will be described below, and those more-

30 frequently accessed objects which can be addressed directly without the need to refer to a handle,
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Menory spaibjectsmayibe disgisded; faraarhple, when rdandre ebjectscarpfesrstored in the memory, The
displacement may be carried out, for example, in accordance with an appropriate compaction

15  algorithm. In this way, free memory space may be optimized whilst keeping track simply and

efficiently of stored objects.

In order to allow access at all times of objects of the second type, these objects are preferably non-
displaceable within the memory. Other realisations are however imaginable where, for example,
20  displacement of an object of the second type would be associated with a progedure for changing the

address of the object where it occurs in the system.

The present invention is particularly applicable to an embodiment where the virtual machine has a
multithread architecture of the kind described in refation to the first aspect of the invention, in which a
25  thread may be temporarily suspended during the course of its execution to permit execution of another

thread.

In such a case, the multi-thread virtual machine may preferably include an internally generated
garbage collector thread, the virtual machine acting upon execution of this thread to free objects in the

30 memory not currently referenced at that time. Alternatively, or additionally, execution of the garbage
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be addressed directly without the need to refer to a handl e.

In the context of a decoder for a digital television broadcast, the hardware devices of the decoder can
include one or all of the following: an MPEG demulfiplexer together with a tuner, a serial interface, a
15  parallel interface, a modem and one or more smart card readers.
The term “receiver/decoder” or “decoder” used herein may connole a receiver for receiving either
encoded or non-encoded signals, for example, television and/or radio signals, which may be
broadcast or transmitted by some other means. The term may also connote a decoder for decoding
20 received signals. Embodiments of such receiver/decoders may include a decoder integral with the
receiver for decoding the received signals, for example, in a “set-top box”, a decoder functioning in
combination with a physically separate receiver, or a decoder including additional functions, such as a

web browser, or a decoder integrated with other devices such as a video recorder or a television.

25 As used herein, the term “digital transmission system” includes any transmission systsm for
transmitting or broadcasting for example primarlly audiovisual or multimedia digital data. Whilst the
present invention is particularly applicable to a broadcast digital television system, the invention may
also be applicable to a fixed telecommunications network for muitimedia internet applications, to a
closed circuit television system, and so on.

30



7. In particular, in one enbodinent, an object In the second set may
be retrievable directly by other elenents in the data processing
system wi t hoWMOH83keed to pass via the nenory nanager. ThePCT/IBISAOIMINDI Y
nmanager may. nreverthel ess be required tmallocate and-store objects of the
second setad Red Réein, 5he torfrEaIBHaY tolcVision Sltemt RcildRb ok dtafpR@RY S4dliitd) Yofestiidl&abi@ TOT Y
contents. I'n one enbodi nent the handl es may stored in the nenmbry
i n quest i ogrothelsysterar , ot her realisations are possible in which the
handl es are stored In another menory space. The handl es may stored

dynam cally or in a static array. 10 In one inplenmentation, the

menory Wﬁnﬂgﬁe%gpg&%{g% h@ sﬁgcl?ip ﬁthPlb&% $ef¢9r£ é& ﬁg c{ Lr%sﬁgﬁm"@tﬁ Eﬂas the

nmenory and driess erence store e correspondi ng
handl e ac C&V&ib;ﬁalbg the umemanonéﬂsiaaeetr& cﬁfgamstaﬁbndabomtgma "Mcf:ie.ﬁ PRIGREXSart GH@N NO
nore objects can be stored in the nenory. di spl acenent may be
carried ousndid pxrhoubaab‘th@ exglysively mmsmdand daveloagptooqtsgltabttelevmm@ﬂom 15

o e e IR STl B, BT AN B,
al | ow acce, o?ttegttofﬂl pregérﬂgft%rg% z@éﬁggrﬁ gh% t&{n e ﬂQ/%Qtst M&Hﬁk&t&ﬁ?&ﬁbagﬁ fems are

preferably non- hin t e nenor satl ons

ar e howev egs prragbmakl agpliektfs 16 the el oftkgRaNdatR transiiission.di Spl acement of an object
of the second type woul d be associated with a procedure for changing the

address0 of the object where it occurs in the systent The present

i nvention is partlcul Ilcalet t ere the vi I

machi ne hathesp Wil now be ﬂfﬂc%{qegﬁf ge%‘[}u?"ee% ‘f"ﬁ@ %W&'ﬁ?&'&d’t"ﬁ’tﬁ'&'ﬁ W‘Lhﬁ

relatlont e |nvent|on in which a 25 thread may
HB? o b e ShachRsifiits, Alunch

be tenporari suspe uring the course of its execution to permt
execution of another

Figure 1 shows an overall view of a digital television system;

15
Figure 2 shows the elements of an interactive system within the digital television system of Figure 1;
Figure 3 shows the architecture of the software based system implemented within the recelver/decoder of
the present invention;

20
Figure 4 shows the architecture of the virtual machine within the system of Figure 3, inciuding in particular
an event manager package, an interpretation package and a memory package;
Figure 5 shows the siructure of the interpreter used in the virtual machine;

25

Figure 6 shows the thread handling within the virtual machine;

Figure 7 shows the operation of the event manager and scheduler of the virtual machine;

30  Figure 8 shows the management of the memory pool by the virtual machine.



t hr ead. In such a case, the multi-thread virtual machi ne may
preferably include an internally generated gar bage col |l ector thread,
the virtual WQHIEBYacting upon execution of this thread t PqmBes/WEE7ects in
the 30 meRory not currently referenced at that tinme. Alternatively, or
addi tionally, execution of the garbagel0

8 collector thread may al so cause the virtual nachine to carry out

di spl aceneWﬂm’-éBé first set according to a conpaction
algorithmin order to group together the maxi num anmount of free nmenory
space. 5 The nenory space in question may correspond to the RAM nenory

of the SyShLienidlion2 gl tiBfsidd's7S&H 1000 accordin Es;ms éﬂﬂ?\gﬂﬁh ia@sﬁo@qm{%ﬁs 1to

ot her menory conponents, such as FLASH or units. | st the
pr esent 5 i NWRMveMiBn inSludesis bstiv banwényioraldjithlcaldyisien system 20800Hal €ses tt@kndvdQMAEG-Ng and
processing digital television systens, it will be understood that

t he pri nci gimpresgidn sygiem i9dmasncemrresseddioitahsignalsningaqre drigl, MPREG-A pamprepepr 2002 in

application, may al sp be_.appli to ot her deyices faor. handl| di gital

audi o- vi suaProgies]conto Reneg gl pgga stea (vpicil s FSarn oA P} e SoItPReFRL

I'n the cons@xis cnededlss RURIexbrdnd Sordibit Sadl b RkR¥pedsOn broadcast, the

har dwar e devi ces of the decoder can I ncl ude one or all of the

foll owi ng: an MPEG denul tipl exer together with a tuner, a serial interface,
a 15 parallel interface, a nodem and one or nore smart card readers.

The t effn " Frecmyitiplexer F004 trepives G Plurgfibic ¢f further BRW FIIRRIS: @SIPMAIRS o0 AINBETe tansPetei ver

for recel Vétregmn se a'ntd rt}rgr{smits compressed digital signals to a transmitter 2008 of the broadcast centre via linkage

2010, which can of course take a wide variety of forms including telecommunications links. The
transmitter 2008 transmits electromagnetic signals via uplink 2012 towards a satellite transponder 2014,
where they are eiectronically processed and broadcast via notional downlink 20186 to earth receiver 2018,
15  conventionally in the form of a dish owned or rented by the end user. The signals received by receiver
2018 are fransmitted to an infegrated recelver/decoder 2020 owned or rented by the end user and
connected to the end user’s television set 2022, The receiver/decoder 2020 decodss the compressed

MPEG-2 signal into a television signal for the television set 2022.

20 A conditional access system 3000 is connected to the multiplexer 2004 and the receivet/dscoder 2020,
and is located partly in the broadcast centre and partly in the decoder. It enables the end user to access
digital television broadcasts from one or more broadcast suppliers. A smartcard, capable of deciphering
massages relating to commercial offers (that is, one or severai television programmes sold by the
broadcast supplier), can be inserted into the receiver/decoder 2020. Using the decoder 2020 and

25  smartcard, the end user may purchase commercial offers in either a subscription mode or a pay-per-view

mode.

INTERACTIVE SYSTEM WITHIN THE DIGITAL TELEVISION NETWORK



encoded or non-encoded signals, for exanple, television and/or radio
signals, which may be broadcast or transmtted by sone ot her neans.
The term mayWR%@8%bnnot e a decoder for decoding 20 recei ETTBPYNEATS.
Enmbodi ments of such receiver/decoders qpy include a decoder integral wth

the A& ctiveEdystbrd Wosbe A8 doREbcisl & thée mEtiplexer 200l the rebeier/d@seuaPR020 ahd), &
"set-top box", a decoder functioning In conbi nation with a
physi cal | yagsi® jpeatet partly inctae breadcash cendre dactpartiyrin theydecgdiirrrpakiescthe prsiiser to imeeact ons,

such as a web browser, or decode{ i ntegrated with other devices
such as aWd@@"&@@’ﬁ?‘ﬂ@v'ﬁm%'ﬁ‘@?@?ﬂcﬁwe 400255" As used herein, the term
"digital transm ssion system includes any transm ssion system for
transmtting or broadcasting for exanple primarily audiovisual or

mul ti medi Guglied shks dhittents oMb beérieral didhitecture of thefWitradEVe televsivIsystenn 4008 comprising
particul arl’y applicable to a broadcast digital television system the

I nvent i on imdwerview four maimélgraentse appl i cable to a fixed tel econmuni cati ons
network for nultimedia internet applications, to a closed circuit
tel evision system and so on. 30

9 s nt]’ Sgg?ug},%ﬁﬁ o b8t RS Bbackl g&arg{a o BLEHbS o £ Bloadcadtlsihst 1f OF

exanpl e terrestrial, or other system

The term W@@}g@g%’mugmt&pa@i@iwﬁs,descri ption below refers to the data
transm ssion standards 5 devel oped by the International Standards

Organi smtion working group "Mtion Pictures Expert G oup” and in
P b o e Angpmetes s oo o B AT R eBr l
| SO 13818- abﬁbgspop AsPsuppidhd plepire, haRdritedte anhf?ouwl%fpncauons and &4 B/ deivaly 1d the

present patent application, the termincludes all variants, nodifications
or devel opfewpleser and scrambler 2004 for insertion into the MPEG-2 transport stream (typically the private
section thereof) to be broadcast to the end user

15
3. A data processing system 4008 at the receiver/decoder for receiving and processing downicaded

applications and data and for managing communication with the other elements of the interactive system
and ihe hardware elements of the receiver/decoder, the system 4008 including a virtual machine with a
run time engine (RTE) implemented as executable code installed in the recaiver/decoder,

20
4. A modemmed back channel 4002 betwaen the receiver/decoder 2020 and the application and data
server 4008 to communicate signals instructing the server 4006 to insert data and applications into the
MPEG-2 transpont stream at the request of the end user. Information may also be passed in the other
direction.

25
The receiver/decoder 2020 includes a number of devices for communicating with exterior devices within
the interactive system, such as an tuner for tuning the receiver, an MPEG demultiplexer for demultiplexing
the MPEG signal, a serial interfacs, a paralle! interface, a modem and one or two card readers adapted to

read, for example, credit cards or subscription smart cards issued with the system. The characteristics of



of MPEG formats applicable to the field of digital data transm ssion. 10
There will now be described, by way of exanple only, an embodi ment of the
present i NVewoissAg73N t h reference to the attached fipgunBes/6162m whi ch:
Figure 1 shows an overall view-of a didgetal televisi-on system 15 )

Figure 2 %U(Q\ v:geg gre?Jeﬁﬂ:ﬁm i thgffelé‘@f dighth ﬁafeﬁﬁ&d Qerds/shb Kiln¥ibh Besdridel Rerélin@hy 2l

t el evi si on sys em o gure 3 'shows the architecture of
t he sof t wagkgpe deled system i rrpl enment ed wi t h| n the receiver/decoder of

the present invention; 20 Figure 4 shows the architecture of the
virtual machi ne Wi thin the systemof Figure 3, including in particular

an event nana ack LN tat ackage;
Fgur o5 SBRD: PREVS Er e BhEhs L pepolas KRS AR ety Drckas
machi n% d%&nloadmg of co:ﬁblﬁét'.[s&twgreﬁh ﬁﬁd?ﬁ‘nfolﬂ{oﬁ'@lﬁthbméﬂdw ndt te libdtritied & nvdrd t Ual
machi ne gure 7 shows the operation of the event manager and
schedul er defai. twlaleuieﬁmaérsysmmascmre degﬁbed below isperti@lagihaphor ioteractivnagenent  of
the menory pool by the virtual machin

applications it will also be appreciated that the archrtecture described can be used in simpler non-

interactive digital TV systems, such as a conventional pay TV system.
10 DER SYSTEM ARCHITECTURE

Turning now to the architecture of the system within the receiver/decoder shown in Figure 3, it will be seen
that a layered architecture is used. The first layer 4100 represents the operating system of the hardware
of the receiver/decoder. This is a real-time operating system chosen by the manufacturer to control the

15 hardware elements of the receiver/decoder. The reaktime operating system has a relatively fast response
time in order to be able to correctly synchronise hardware operations. Event messages are passed

between this layer and the middieware layer 4200 immediately above.

The data processing system 4008 sits on top of the hardware operating system and comprises a

20  middleware layer and an application (or more correctly an application interface) layer.

The middleware layer is written in a language such as C ANSI and comprises the elements of a virual
machine 4250 and a number of interfaces 4260 including a grapliical interface 4261, a FLASH/PROM

memory interface 4262, a protocol interface 4263 and a device interface 4264.

As with the system set out in patent application PCT/EP97/02116 described in more detail in the
introduction, the present invention uses a virtual machine in order to provide independence between

upper level applications and the lower level operating system implemented by the manufacturer.



10, DI A TAL TELEVI SI ON NETWORK An overview of a digital

tel evi sion system 1000 according to the present invention is shown in
Figure 1. WO9YI8M0i nventi on i ncludes a nostly conventi onaCIAiBes/A1637 )

tel evi.sion system 2000 t hat uses the kngawn MPEG 2 - conpressi on system

tg transm 'I’he%%@&a%%% rdHaPtnb Rk beMwEEpSIatidnd of Y vRtusl fadtide.antMREfower 68INPT €SS OF

2002 in roadcast centre receives a digital signal stream

(typi cal | Yorarabiig sgstéi Hfoo undiaso iriugeaiuinber of inmeedialerieysl spplication module® @072 easily
connected to a nultiplexer and scranbl er 2004 by |inkage 2006. 10 The
mul ti pl exesxe@@dbtthielewdlves a plurality of further input signals, assenbles
one or nore transport streans and transmts conpressed digital

signals to a transmtter 2008 of the broadcast centre via |inkage

2010, which can of LoHBriste b h@hnér & high BYdFackdged 4880-88 4, written

tel eco n?réeai%ﬁlgﬁgn ﬁ?ﬁ%ﬁgﬁ'ﬁ’ﬂé&é&@%%ﬁ%?ﬁ% er g2008 trdgnsm' ts

el ect r omagR@h bisjeckbr@ad iRteipiettiverigidge 20dastJaven Mikse packageeprbvidean intedfareponder
2014, where they are electronically processed and: broadcast via
noti onal dbatwden thie apmigagonsrested byrthe wepddeprovider dnteractive program BHIARRAIBSNGPRNG) y i n t he

f f a dish d ted by the end . i received b
acol ver . msmatirog s S et b e Ao BB EINR, Y55,

owned or r d by the end user and connected to the end user's
tel evi sion set 2022. The receiver/decoder 2020 decodes the conpressed
MPEG 2 15i gnal into a television signal for the tel evision set 2022. 20

A conditional access system 3000 i s connected to the multi Iaﬁé’er 2004 and
the recei v&helowas isws OS Emornally embedded jnythe hazdwargcaprogengt fhp geqoperalthough i some, s ¢

centre andr%%rat ',% }riegqy}ga'\gv&g%ga%?u% m%%ﬁ%%?ﬁm&&ﬁareedﬁ aitiGliod RefiEO BR7

digital te romone Oor nore broadcast suppliers. A

snartcard, peanablbsh o8 bowRBidaiRs hiBAM or FLASHWRGR OFRe doddat froftta Breadeastmer i al
offers (that 1I's, one or several television programmes sold bé t he

broadcast sapissien. JAteroativelbsonierss alf of the miidgteware hieapplisation iplsfiac day¥ @lementsan be Usj ng
t he decoder 2020 and

25 d, th d . i al
of fers ¥n &loted @ﬁ@%ﬂé‘&?’?ﬁ%ﬁ#%%@%h ‘Se gegeéelé?srvc)k'%ggﬂc%‘fsﬁo%g.%eph%%amr cra

organisation of the memory elements of the decoder is distinct from the logical organisation of the

memory,

INTERFACE LAYER

20
Fléferring to the application interface layer 4300 shown in Figure 3, and as described above, the packages
in this layer are written in an object oriented language such as Java. Each package defines a set of class
fibraries called on during operation of the system. In the present system the following packages are
instalied.

25

Lang/Util Package 4310. These packages define the classes necessary for the manipulation of objects by
the virtual machine. These class libraries normally form part of a standard library associated with the

object oriented language chosen.



node. | NTERACTI VE SYSTEM W THI N THE DI G TAL TELEVI SI ON NETWORK

11 An interactive system 4000, al so connected to the nultipl exer 2004
and t he recewoeogigizsroder 2020 and agai n | ocat ed par tPQI/iB9s/oNez?
broadcast centre and partly in the deceger, enables-the end user to

broadica and pa the d e 4002.
PRt g b 5B 94 R BRI S 4002,
tel evisi on, Sysk.qH tgl%%nﬁﬁéﬂ%f 5dnBjects are isthél fréHY QUd6ividuel BAlEndEaA Mai@lugmeNt S:

1. An authoring to 4004 at the broadcast centre or el sewhere for enabling
a br oadcaskanspipEiahrtiddntifiers or text lakt overidisplayeiimabesp Thedtiefinilign efistdsses withirdip| i cat i ons.

10 2. An application and data server 4006, at t bro entre,
connect ed m@asmo'&ﬁ’PWﬂﬁ@“‘lE@oﬁ noppseafine)py the standards g@P‘? K é“ddg&g%?é?%
supplier to prepar |G f or ' lons and data for

del i ver5y tsda'{g’ﬁ'??S?a“gd'd@B}rlr%e{}lg%f@%(@?g%%a‘as%@n%%kg%%h?or I nsertion into

the MPEG 2 transport stream (typically the private section thereof)
to be broadcast to the end user 15 3. A data processing system 4008
at the recrbb@Pacagomit?. This padkagesbnidinssheaiaskep need tosdawnigadingvend drgeropiession of
applications and data and for nana i_nthormuni cation with the other.

el ement s dformption psyel as the F‘%sée%ﬂ?ﬁcéﬁgw‘m e manggemeptobth, e sysiaman 'Pﬂ?f’@ﬁ‘t"é’"of t he

receiver/ eecrgc(jev%traﬂdeéolagr Ry RL S48 LB WM GnRetbh ottéFherhieR] Ne Wi th a
10
Device Package 4313. This package dsfines the classes necessary for management of peripherals
attached to the racelver/decoder, as discussed above and including the modem, the smart card readers,

the MPEG flow tuner etc

15 ° Service Package 4314. This package defines the classes necessary for the implementation of developing

higher level interactive applications, such as management of credit card data etc.

DSMCC-UU Package 4315. This package implements the protocols necessary for communication
between a client and a server for data file search and reading. Implementation of this package shouid

20  respect the norm ISO/NEC 13818-8 and directives defined in DAVIC part 9.

A further layer of interactive applications, written by the service provider and downloaded during

broadcast as in conventional systems, will be laid over the interface packages defined above. Depending

on the applications to be introduced, some of the above packages may be omitled. For example, if the
25  service provider does not intend to provide a common way for data reading, the DSMCC-UU package

may be left out of the final system.

The packages 4300 provide class libraries for an object-oriented programming environment. Their class
behaviour will depend on the fanguage chosen. In the case of a Java application, for example, a single

30 inheritance class structure will be adhered to.



run tinme engine (RTE) inplenented as executable code installed in the

recei ver/decoder. 20 4. A nodemmed back channel 4002 between the
recei ver/ dec¥a8183¥20 and the application and data SETHRIBOBBD6 t o
comuni cate signals instructing the server 4006 to i‘nsert data and
applications into the MPEG 2 tranSport stream at the request of. the
end user. Information may al so be passed in the other direction. 25
The recei UNFERFACELBYED (020 i ncl udes a nunber of devices for communicating

wi th exterior devices within the interactive system such as an

tuner for ARER0 e Herfab 'eYE%om@g%dg@'f:o@r MGaDEs L g{?édﬂi&%o?zﬁ’é 42@‘?.5%”4‘r)ﬂﬂfﬁ‘€<i ng

the MPEG signal, a serral Inter a parallel Interface, m and one
or two garranagemint modaidapé1cd piodcol module 4268aAd a Gdvice Mandtet 4264.CWHIlst the dedulds Of
subscription smart cards issued with the system The characteristics of

12 sal vs leuel are describpdas jalprfack modwiesi theinfunstiqnisto groyifle iaiet laver foethevi si on
systens and will not, be described here in ] e detail,

Si il arly, MpREeapy ¢f thsarplgptiop éf@’t’ge“epa&'&ﬁﬁﬁ (e e oPerRlep %@‘"%@5 BrPded (hone
banki ng, t&lng;,glt}pppi ng, 5 downl oadi ng of conputer software) will be
apparent to those in the field and wll not be described in nore

detail. Wiile the decoder system architecture described belowis

particularly apt for interactive ) applications it will also be
appr eci®t ethegraghics medulg 42§, forexample, Riavides the srpation andmanagertent ef aeaphipal eliiecison-

interactivg{%\ﬁiﬁal %éé%" uch.as a conventional pay TV system 10
DECODER S\} %\ lgv: é qgﬁasé graghnc &apes suc a%@mgle pixels, Fﬂne)é. ret\:{angyes etc,
The implementation of this rnodule depends on the graphics capability of the low level manufacturer's
0OS. In some ways complementary to the MHEG-5 package 4311, these functions may be more
efficiently executed at this code leval than in the high level code chosen for the application layer

15 above.

In a similar manner, the memory file management module 4262 includes low level read/write ile
commands associated with the memory components of the system. Typically, the h.ardware operating
system only includes commands necassary to read/write a sector or page within a memory

20  component. As with the graphics module 4261, this module enables a set of simpler lower leve!

applications to be efficiently introduced in the system.

The protocol management module 4263 defines a library of cornmunication protocols that may be
called upon in communications via, for example, the TCP/IP layer of the decoder.

25
The device manager 4264 is slightly different from the other modules in this layer in that it provides the
link or interface between the hardware operating system and the layers above, including the other
modules in the interface layer and the virtual machine. Commands or event messages that are
received/sent to the hardware OS from the viriual machine, for example, are necessarily passed by

30 the device manager for conversion according to the interface specifications between the two levels.



Turning now to the architecture of the systemw thin the receiver/decoder
shown in Figure 3, it will be seen that a |l ayered architecture is
used. The fi W%Q”(l&'i?ér 4100 represents the operating systemPSTIBOIRAr dwar e
of the receiver/decoder. This is a realttinme operati'ng system chosen by the

manuf aCtUF@hT%&MAUHlN@bEMF&PT@ﬁ har dwar e el ements of the

recei ver/ decoder. The real -time operating systemhas a relatively fast’
response time in order to be able to correctly synchroni se hardware
operations. Event ne ar se . t n .Sl t he

m ddl ewar eReGAGNOY S d%“ﬁe %@?@%@gﬁ%%machme 455 U\é\%\%‘& @s@m @‘%@’8%5? ng
system 400§ve§ﬁo%§;fu%9dés%e@frﬁe'@ﬁummweL&d?ﬂﬁé;ﬂésbﬁl%véﬁi&{@mra-@ﬁkp@@rrpr i ses a
20 i ddl eware |ayer and an application (or nore correctly an application
i nt erfas:e) mhlﬁﬂr@idtypemachlne The feserartrdrbtenstosof duetyaemad'tse avekmdwemmher@nﬂemlguage
such as C ANSI and conprises the elenents of a virt machi ne 4250

and a nunbessidgfof mm@mmddmwdpmn@@%d W&"Wl%%’@%‘f"&@?‘&@é %1, a
FLASH PROMV ge LY rp face 42 a protocol interface 4263 and a
devi ce i nt ¥pssdhatarg Bigppostsesgiiicio epreseﬂgap ™t he system set out in patent
application PCT/EP97/ 02116 described in nore detail in the

I ntroduction, the present invention uses a virtual nmachine in order to
provi de i nTseNs macelebmessd of a number afl pigreentd, eiehl interagd broasiivtas erewninfibutefe | ower
| evel operating systeminplenented by the manufacturer.

13 10The interfaces 4260 provide the |ink between operations of the

'ncl ude a TsaErORH2iopuesRi 8 PRNT menspersecdR FlrsdthoRlts bERLA A I00: <0
execut ed aforrﬁé%eshelar%f% multithread machine. The scheduler 4270 orders the execution of threads created
by applications extemally of the virtual machine and those created by the virtual machine itself (e.g. a
garbage collection thread as discussed below).
15
The event manager 4273 handies an event routing table and the lists of events subscribed to by the

threads and centralises the dispaich of event treatments.

The memory manager 4274 handles the allocation and disallocation of the memory zones within the
20  system memory and aiso handles the removal from the memory of non-referenced objects (garbage

collgction).

The class manager 4275 charges the classes of the application code downloaded in a broadcast signal,
interacting with the security manager 4280 to check the integrity of downloaded code and with the file

25  manager 4276, which implements the applications.

The file manager 4276 carries out the implementation of the system files and the handles the mechanism

of downloading of interactive applications and data.



5. The application interface (APlI) |ayer 4300 conprises a nunber of high
| evel packages 4310-4314, witten In an object-oriented

i nterpretati wo%dasmnage, such as Java. These packages provirr/msssiatrer f ace
bet ween the applications created by the4ervice provider (interactive

progr am gujydee. i HRAAPREG Kl e tvel 2ok iod Wi iy Gorkd ¢ U2l

machi ne of the system Exanples of such applications are given bel ow.
10 dophealiondvRaving @i @biliyads carsy ooimon@bperatians thanl olizets in relatioreto tha fild wgstes.
conponents of the decoder, although in sone real i sations, the | ower

| evel OS can be downl oaded. The m ddl eware and application interface |ayer

packages can be do ade FLAS ols der from
a br oadcas °'"'em'°t°m!7§ﬁ)§1‘fg% |(t)bﬁt°°°§? ng'%ﬁeé@%se o %@%eﬁp%%'g%e ﬁ?&grﬁgﬁﬂ

m ddl e I RIBHRESWE Sdded) ecaé'abeﬁ. ored In

t he e?‘;'? %gﬁeﬂsﬁﬁs)&grﬂé@gﬁ%‘%ﬁﬁekg%ﬁfﬁ@bdecoder gyl be Bnderstood
t he phyS| cagsomatedmmeg;auMaﬂas andedetbhaangme)glvem \amprwmtauj coﬂhdevdwddfr S
distinct fromthe | ogical organisation of th

APPLI CATI Otte pppiicarisAGEWl beydiacussed further mterprﬁmpféﬁemwaﬂae ?‘h’@d %?Pﬁ!'ﬁdc ation
interface | ayer 4300 shown in Figure 3, and as described above, the
packages in this layer are witten in an object oriented | anguage

such as Jayg, opbfidd aR@MBIBEEHARE drtRIass rﬁﬁn&gé?ff leGlafdger and security inaidgétmag e cal | ed
on during operation of the system In the present systemthe follow ng

packagas atdnventional. Thé destriptidnexi.now Risus on the operbtion gf thet interpiPtaG ke gehed 8t 6nd eVerd s
packages define the classes necessary for the nanipul ation of objects by

t he virtuaMmapagerand e MpRY@AR308'ss | i braries normal ly formpart of a standard
| i brary associated with the obj ect oriented | anguage chosen.

INTERPRETER

15  Referring now to Figure 5, the operation of the interpreter 4277 used in the embodiment of the present
invention will now be described. As discussed in the introduction, the disadvantage of conventional
opérating systems used in decoders proposed to date has been their reliance on a single type of code for
the high level applications. Although the code chosen may be a commecially avaliable and widely known
application code, problems can nevertheless arise in the case where it is necessary to maintain a field of

20  anumber of decoders using different applications written in a number of codes. The interpreter of the

present system permits the interpretation of a number of types of code.

As shown, files arriving in the system, whether bytecode classes or m-code modules are evaluated by the
module class manager 4500 according to the structure of the file, such that the application code delivered
25 tothe interpreter 4510 has an indication of format. In the case of a bytecode application, for example, the
downloaded class file will have a characteristic identification header of 4 octets foliowed by a version
number, also of 4 ociets. The interpreter may distinguish between the codes on the basis of the presence

or absence of this bytecode header.



14 VHEG 5 Package 4311. This package defines the classes associ ated

w th the manipul ation of graphical obj ects on the tel evision display.
Such obj ect swara/18i3et i nct from audi o- vi sual data and can nREBIRSR/O1ELDI
exanpl e, channel identifiers or text |d over displ-ayed i mages. The

definitio cl e VHEG 5
nor ns def nﬁgkée 9?3‘({ eeﬁ\g.&h%ﬁﬂ&?ra&g@gmwﬁdﬁ% %ﬁ%e%&%ﬁ %Sé#‘@ﬁsg%ﬁﬂeémy 5 ‘(and
the st andafdindrafd g:%ﬁuoﬂfﬁﬁg%a’geﬁ sudh &k W 16 AGRe, Rf ex@mpl@va | npl enent ed systen).
Tool box Package X 12. Thi s package contains the classes used for

downl oadi ng and deconpressi on of information as well as the classes
associated with the managenent of the file system an

t he recei vearesing sefee “’é‘f‘f@?‘f'%f@m@} ‘%‘g@@é b%%cgq?dnsg%@@smsm l“ﬂge Mg{t ¥t 0 the
| nternel €f0s whardine S theyare execthWﬂ'ﬂ%fe per | gﬁ%iﬁrary-ﬁgéosas%ﬁ{éa% a&e’?ﬁﬁb t he

cl asses” necessar managenent eral s attached to the
receiver/ dﬁ!&r@ﬁ&fs, asaécomeﬁt@h@tﬁﬁdca%b@mm}d:auvaedadd:smgtidnhmm idrdngots mar t
card readers, - the MPEG fl ow tuner etc 15 Servi ce Package 4314.
Thi s pack onptivectede instructionia s definag within theeittual maghjnef or t he i npl enent ati on of

devel opi ng hi gher | evel interactive applications, such as managenent
of credit card data etc. DSMCC- WU Package 4315. This package

i pl ement s, Eq'&%as%ﬂ%@@'i%ﬁoﬁ@ a¥e faSded oY HLEYE fid &4 478, ThemQ&Wﬁslma

client and a server e search and reading. Inplenentation of
thi s pagkagde Birattoss mayBe umpmmdaMwwmefea&thﬁamammbﬁamo directives
defined in DAVIC part 9. A further |ayer I nteractive

appl i cat i oxssqciated Wil kyte-code instrectianeapd the injsmesiar 4&78 %‘ﬁ&“ﬂb%‘ﬁ%@?@@f? eRete Siph

br oadcast asfx#g conv tlonal lsystems will be laid over the interface
packages dBF VERpERE ng

{n some circumstances, however, some m-code instructions may need specific execution functions not
15 e-asily executable with reference to a common function library. In such cases, it may be envisaged that
the instructions be implemented with reference to a separate function library 4530.

R

HEDULER NT R

20  The operation of the scheduler 4270 and event manager 4273 will now be discussed, with reference to
Figure 6 which shows the life of a thread within the system and Figure 7 which shows the notification of an

gvent to a thread by the system in response to an event signalled by the lower level run-time operating

system.

25  The description will concentrate on the handling of the creation of a thread which represents an execution
context in particular resulting from a signalled event. Rt will be understood that a thread may be created
with the initiation of a command generated by a higher level application to be sent to the hardware OS
and by the retum of this command. A thread may aiso be created within the virtual machine itself, eg a
garbage collection thread.
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on the applications to be introduced, sone of the above packages may be
omtted. For exanple, if the 25 service provider does not intend to
provi de a cowomegay for data reading, the DSMCC- UU packag@®CT/IB9s/i162may be
| eft out of the final system {ghe packages -4300 provide class i

eft out of ol system ' Fe packa oro

oS entie Pk b Sk e BTN B oIk PR L s

appl i Catt i Qfion fifa ATRIa0 eedRhdibhe? n 536h a hédHAG aHRAARTOIONGHES w héremtediand vi | | be
r .

15 SiEdRIAAGEd qued-RThe scheduler inshectsthetivead quees dndiseedistethiead with thes conposed
of four nodules, a graphics nodul e 4261, a nenor managenent

fil 5
Todul e 4261ghes pisyitstecheSKecH g oty e tipag that i BRFICEXCHIEH RS RPRSt PROURKEIS L ¢ he
dul t this.| | i ] y ) i
Moot | oh i eh i SodstRsg e B Grie 3 el Sidhefiioh) bEE bAGEMBRINBESbRE T |

appl i cat i Ofrehdal §fsfems.Cin Bt 4388 SthedHle éftHe IntdhAptEPRRET i Qbre@indtfbenryddiré-siilatedachi ne
general |l y. 10 The graphi cs nodul e 4261, for exanple, provides the

Creati on asnde hessged®ite exdeuted. aphi cal obj ects. It asks the | ow | evel
OS to display basic graphic shapes such as single pixels, lines, rectangles
etc. The i npl enmentation of this nodul e depends on the graphics

capability of the |lo . tur o Yo Sy o YRAYHBier 4
conpl emantfofta{"ﬁeﬁé\%%—%@gn%g@ég%%%@y? e 'unct“'{h%%%rg§/ be nor e
ef fi i gait | Yismh8 e bRAuBA ofiHditifedd@AEto ingpedl thd thadl dubuetitranioughthteatsab exxatle chosen
for the application |ayer 15 above.
The yield instruction may be prasent in low priority intemally generated tasks, such as a garbage

collection function carried out by the system in order to remove unused objects from the memory of the

systom,

15 Thase aspects of the system are shown in Figure 6. The creation of a thread at 4550 gives riseioa
thread stored in the thread queue 4551. The newly created thread has the state “init” at 4552. i no other
thread has higher priority, the thread is executed by the instruction start() and will have the state
“axecutable” at 4553, If the instruction stop() is executed in the thread, the thread becomes “dead” at
4554, The thread may equally achieve this state if completed as indicated by the run(}fini instruction. Ifa

20  yield() instruction in the thread itself arises, or a suspend() instruction external of the thread is executed,

the thread is suspended and given the state “non-executable” at 4556.

Referring now to Figure 7, the Interaction between the lower level operating system 4100, the event
manager 4273 and the scheduler 4270 will now be described. Raw events signalled by the run-time

25  operating system 4100 are passed via the device manager 4313 to the event manager 4273. Ina
preferred realisation, some prioritisation of_the received events may be carried out by the device manager
4313 and/or the multitask system used in the operating system 4100, However, as will become clear, one
of the advantages of the present system lies in the fact that, unlike the system described in
PCT/EP97/02118, the handling of events is managed within the virtual machine 4250, thus enabling

30  creator of the middieware layer to achieve complete control over the event handling procedure.



In a simlar manner, the nmenory file nmanagenent nodul e 4262 incl udes | ow

| evel read/wite file commands associated with the nenory conponents
of the systemodugideal |y, the hardware operating SYBCEIBISMI 697

i ncl udes comrands necessary to read/wite a sector or page within a nmenory
20 component. As with the graphics npglul e 4261, this nodul e enabl es a set
of sinpler |ower |evel applications to be-efficiently introduced in
the syst enj, e present embodiiéht, RUdAls @6rR lia N BV26 MaRtger Bt reclad2iffsd byltbit cveearal | | brary
of conmuni cation protocols that may be call ed upon in comruni cations
via, for ehsntype.cThetctde idp@ied the shamacterisiss ofitheceverd.des geample, ipthe case of an eyafk  devi ce

T i Sk sl SR LA R T

operatipng tBBeH . t L Q\ehtUsld, B rdntbf cBRtRET modul es
in the ?nt%’}é‘?ﬂac %g@&?&%@%ﬁ gi???ﬁ@fmérm%hﬁée. éorrmands or event nessages
that are recei ved/sent to the hardware OS fromthe virtual machi ne,

for exanple, are necessarily passed by 30 the device manager for
conver si onUpeo teoeiptiofay evant signa!, thenevent macagersdgetysps aravtingiakle b0 fpcistemrirgihe wo
| evel s. 16

VI RTUAL MARvRIRtRiterityead shipshdegtiation and insertsig cpreespanding @ar opiget 564 fte.ong or pare,

structure 6\}\{3?.%5&%%&&'@&@?%%%3@%3&5@&9 lugbo! BRe 6t YdtelRrPébjdcisasdnagent

i nvention SCri e virtual machine used in the present
i nvent il@n  bestoredithin £ gilinithread abrepresentad 4ti4563 dhelevbnt pisjectsaiSbd anestockétivithie ther al
characteristics of such a machine are known in other contexts

out si de of thiehdacoerdinade theitriipritegiagsiieatign divent eieots withip e fryeaf efen a3 RPAEY #®)1 | owi ng
description Wiy bhSriiss o Dral IPR6).

Upon recsipt of an event, the event manager 4273 sighals its arrival to the scheduler 4270, which then
15  examines the thread queue to see if a thread has a higher priority than the thread currently being
executed. If so, the current thread is then suspended as described above and the new thread executed.

In this manner a pre-emptive thread handling system is implemented.

in this way, the preferred embodiment allows efficient handling of threads in the decoder so as to
20  permit the system to respond quickly to event calls, even in the case where the system is processing
an existing prior event. The disadvantages of the known single processor queue system are thereby

overcome.

Whilst the preferred embediment has been described in relation to a pre-emptive system in which the

25  arrival of an event causes the event manager to signal the scheduler to interrupt execution ot a thread,
other implementations are possible. For example, in a time-siice system, the scheduler can
periodically interrupt execution of a thread to examine the state of the thread queue. Alternatively, the
scheduler can be adapted to interrupt execution of a thread to examine the thread queus after each
instruction in that the thread is freated.
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areas that are the nost specific to the present application. The

virtual machine is conposed of a nunber of elenents, which interact broadly

as shown i'n Wiopenensd. - 10 The schedul er 4270 conpos®€TaB8H16Mr ead

manager servi-ce 4271 and a nonitor managﬁr service 4272 forms the
ed

heart of Wd machi ne. The s ul er 4270 orders the execution
of thread by applications externally of the virtual nachine
and those created by the virtual machine itself (e.g. a gar bage
collection thread as discussed below). 15 The event nanager 4273
handl es anAsewmesiappredidtedig the atritest chreceivefidecbdes the mahagement ofdhesoamant Roplaithin e by t he
threads and centralises the dispatch of event treatnents.

nenory maﬂag@iﬂ isparfiulany maprast, ince "'ﬁ‘l“?%ﬁp&?? i§ Fplatiysly repinctat! psfREpPREto &Y e’faﬁ'gg'r?e nory
o h
zones wt RI}EF aImg Iskb%%géj fom. E)élkﬁﬂwg d@écﬁﬁorh@n@ﬂeﬁﬁg%c&rﬁg&)‘f&t #heom t he

menory 6f nce gar

cl ass W&na&%oze?p%éemﬂmwohﬂe@bmmao@f Hoha/eaaghmateuame,me downl oaded
i n a broadcast” signal, interacting with the security rranager 4280 to

check the cma@ndmgebaﬂvemmhmmdbmormaﬂmmhqmﬂww@‘%aﬂ h&nager
4276, which inplenents the applicati er 4276

carries ouMmempRiPeoisEEhethely F‘BY]"%?"&'PH @ °§§7§‘F@ AFtyen 8@°'zfﬁ¥f ?‘M&rﬁﬁ%"g’ the
mechani sm .. &1 asHMemI9 A IERAROM Src Uitnih Bb flcBifehhidtBaeRPP! i cations and dat a.

10
Referring now to Figure 8, this shows the organisation of the available memory in the system. 1t will be
seen that the memory space is shared between a pool of handles 4600, a pool of dispiaceable objects
4610 and a pool of non-displaceable objects 4620.

15 Each object in the pool 4610 Is identified by and corresponds to a handle stored in the pool 4600. The
relation between a handls and its corresponding object is managed by the memory management package
42?4 (see Figure 4) which also controls the access to the pool. All calis to objects in the pool are made by
its handle. The boundary between the pools 4600 and 4610 is movable. When a new object is to be
stored in memory a handle is created in the poo! 4600 including a pointer to the address of the object

20  within the pool 4610. In such a case, the list of handles will be increased by one, The handles are

organised in a list formation in the pool to permit compactage by the memory manager.

Objects will be allocated In the pool as needed and according to the space available. In the case thatan
object aflocation is demanded which requires more space in one block than is available, it will be

25  necessary to compact the objects already allocated in the memory. The compaction of the objects in the
memory can be carried out according to any known compacting algorithm, for example, a copy-compact
algorithm. In the present embodiment, the Mark Sweep compact aigorithm is used. In order to compact
space, the objects are moved around in the zone 4610, so as to group objects more closety together,
avoiding any spaces betwsen adjacent objects. In this way, all free memory space is clustered together in

30  ablock so as to allocate for a new object in the poo! 4610.



17 The security manager 4280 handl es the | evel of access permtted to
downl oaded applications, sone applications having the ability to
carry out nowedwpessmti ons than others in relation to the fpdEmeysszIM

The interpreter 4277 conprising a bytecode interpretation service 4278 and
a "mcode" interpretation 5 service24279 handles the interpretation of

applications witten in these two codes, bytecode being associ at ed
wi t h Java s3hhtiosaitabeehexhiehdiy redegememtipagagdemeainting the gorespontancesbepyesphandiesar
code devel oped by the applicants. As will be discussed, further

i Nt er pr et art thepeoiéPadnd cbjectsdmthe poobtfiikand the neneaddrasses of the objects in theypact yilBe ot | on and
I npl enment ati on of the class nager, file manager and security nmanager nay
be 10 cdoRUAadnRey P'%“%S‘é%?’ﬁﬁ?’?%%ew |1 now focus on the operation of

t he intser preter, the schedul er and event manager and the nenory
manager . | NTERPRETER 15 Referring now to Figure 5, the

oper at i on wWriisttHa®sd i hets Blacdesstadan dbpcisieriabled thesystarh wabplinsse meanforytideatiop indfee nt
invention will now be described. As discussed in the introduction, the

di sadvant zgel tesf prasesminsteases theltime needed to aasess such Abjecisysinca fiis aa@sderassanuie Hisfer s

d to.dafe, has.b hei i ' s f
Pher i gn 11EK0RP e PR ICTRE RISk i o Gt f e Sl Riefot bl GREE O |
avai | abl e Bnpd WiHelYedtAAignated events #RBIE rdpRilabiass trRARy bYeqlib& s can |

neverthel ess arise in the case where it is necessary to maintain a field of
20 ainunber of decoders using different applications witten in a nunber

of codes. The interpreter of the resent ge(s ,emﬁ) rmets we
| nt er pr et de susha ersegepbirBEsan 89 Aloaidin aRool opRpg displaceable objepty %ﬂ‘(r)%’?,ad 85
arTiVING | Dt B ek M SRS TN & HG M eSd 36500 o S asbehEs 27 ©

eval uat ed ass nmanage according to the

structure of usbi@irebtlybthe Syee, thésty sinBRyinaltiel aosesd préveduraroihedesgetigiiosjetts. 25 to the
interpreter 4510 has an indication of format. In the case of a bytecode
appl i cat i oMgainfaswitethelbguhdary bietwgen the pools 4600 and 4610, the boundary between the pools 4620

15  and 4610 will be shifted depending on the information stocked in the pool 4620.

in the event, for example, that a non-displaceable object is be allocated to the pool 4620 and there is
Insufficlent space due to the arrangement of displaceable objects in the pool 4610, a compaction of the
displaceable objects may be carried out, as described above. Once the objects in the pool are re-

20 organised so as fo liberate the maximum amount of space it may then be possible to allocate a non-

displaceable block in the pool 4620,

The choice of which objects are displaceable and which objects are non-displaceable Is at the discretion

of the designer. For example, objects corresponding to the system may be chosen as non-displaceable in
25  view of the importance of these objects, whilst high level application objects may be displaceable. In

certain instances, displaceable objects can be temporarily locked into place so as to be considered as

nonh-movable objscts.

In order to eliminate unwanted objects from the memory pool the system may also include a so-called

30  garbage colfection. This involves the creation of a special garbage collector thread of the lowest priority



downl oaded class file will have a characteristic identification header of 4
octets followed by a version nunber, also of 4 octets. The
interpreter maysdiszi ngui sh between the codes on the basis mfraBb&IRR7esSENCE
or absence of- this bytecode header. 23 -

18 | nidiviiEye aBdrbyast by Rieistheddr e svbrd thatlo@thbrSthieads 208 curbrtly Sierd@inthgpes  may
be used to distinguish between any nunber of application | anguages,
such as t heuelis.|Upomeneeutiort, el displaceaiplé ehjects currently allocBledhio theipnej thetara hnbbeingsul t of t he

format indicator, bytecode instructions are sent t%the byt ecode al
i nt er pr et efeferenced ayithat fme il pe freeql. The, garhage calieetor heegd Ry °|"%’fyé’f‘é’1‘?@8“f‘?f' %ak ynction

library 45 j.at ﬂct%!%rﬁ Qe instructions, as is
convent i oné‘ﬁ?f?é@%gébzeaoge W ﬂfeﬁﬁeglr?jé%cgtfegtl V€ code instructions. The function

|'i brary sof native code instructions |Is defined within the virtual
machi ne. In the case of mcode instructions, these are passed to a
m code i nt Theureatiaprot aigantage Mliestonthiead is knpwoin theteentent of other multitserd systemsiugadtin ons may
be i npl emented and execut ed W reference tg the function |ibrary.4520
associ at ed O @W’Wf’@-"l‘!’ﬂg‘iﬁ B H‘g‘faﬁ‘ Ygiop sustemang W?' & bp fipgupsed Aoy L"ﬂ’ﬁ get%"é’ﬁrle's on
the librar 0. L Efﬁ!ﬁt ottt R BindidR WRHARE ot SSi bl €.
In sone ci %gﬁ%%%'@%e? om@v@#@ggoan%amﬁ%%@e |%§t%cti onsmmay need specific
execut i on frdmed manperiéit techhiues desastieli iboRe rovides pdricutal ddtfantagéscii e presdntroatext.onMDN
function library. I'n such cases, it may be envisaged that t he

instructions be inplenmented with reference to a separate function library
4530. SCHEDULER AND EVENT MANAGER



20 The operation of the schedul er 4270 and event nmanager 4273 w || now be
di scussed, with reference to Figure 6 which shows the life of a

t hread wit'hi wg®asmgst em and Figure 7 which shows the noti pcmesom2nf an
event to a thread by the systemin response to an event signalled by the

| ower | evel run-tinme operating system 25 The description wll
concentrate on the handling of the creatqjon of a-thread which represerits an
execution context in particul agiamsulting froma signalled event. It
wi |l be understood that a thread nay be created with the initiation
of a command generated by a higher |level application to be sent to the

har dwar e CS and by the return of this co nd. t hr ead al so be
created wi AP APRAABS{Ar P‘P%?‘“WFW@'VIS% @W*?’eéﬂ’aﬁm‘mg aﬁ?ﬁ‘r"ﬂﬁﬁséwgag%l ection
thread. 3 j i i devices for fransmission and reception

19 5Asﬁ)arrr‘@r?{ﬁogﬁrgtg'gggg\rpeissotmﬁtgdW@geeﬁtmoéerg% |r?re$¥{c esr gl i ess'gﬁ a preF-”errpt I ve
t hread hangtdat gndih whithathe dpP&ritig Tarther comprisSd.iCdatadprocdsking systemi ncluding ahauitiethriseis ed
systens. In such 'a machine, a plurality of threads are generated and

stored i n vituahnashige afaptedto, intei aliastepaive @Yentmespagpvignalied pyche Nardwarg oeRidNe and

l ects the th d wth the I t lorjty.ta.b d,
Nor rmal |y, | DREMaR Gape et eaigaeL e Rre Tl i SRS FIRERMY, bu
> such as&p{nggﬁuwm%rsmmxmm%%m&m ofdnotitreaa i gher priority,

as i s conven I'n pre-enptive t hreaded systens. In such a case,
the stape of the interrupted thread is stored and the thread re-activated
once it reselected to be executed. In certain cases, a thread may

i tsel f i ncRubheapparahes asglaimed inclaimsl igjwhighyle viryelmaehine fifs are-eepfesauliitigads c hedul er

to 10 suspend th xecution of the threa - § { d
queue for & rﬁ&'ﬁ‘ﬁ??‘ﬁ“g S PeX C?Jl{%@ﬂemugeamgﬁxtg&%"&? g'gi%;r?gtiosgfcaft%%army be
present i NodMerprdi®f ity internally generated tasks, such as a garbage

15 3. An apparatus as claimed In claim 1 or 2, in which the virtual machine comprises an event manager
adapted to respond to an event message signalisd by the hardware operating system by storing an event

object in‘one or more threads in a priority organised thread queue.

4, An apparatus as claimed in claim 3, in which event messages sent from the hardware operating system
20 to the event manager are first processed by one or more device managers within the data processing

system,

5. An apparatus as claimed in claim 3 or 4, the event manager further being adapted to respond to an
event message generated intemally by the virtual machine or received from a high level application within

25  orextemnal of the data processing system.

6. An apparatus as claimed in any of claims 3 to 5, in which the event manager classifies event objects
internally within a thread according to the priority of the event message and/or the arrival time of the event
message.

30
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collection function carried out by the systemin order to renove unused

objects fromthe nenory of the system 15 These aspects of the
system are shmwyismoFi gure 6. The creation of a thread at 4c5asegires ri se
to a thread stored in the threa ueue 4551. The newy created -

thread h a57t, h‘gﬁ}lp%a% clalntbdlin angbt cﬂﬁég 10 é i WBRen N6 iRtial machine furthep E&aMsdaas hi gher

priority, I's executed by the instruction start[err] and w |1
have the shiihdrable containing iafoeatidnarbyasing pbssible Bant théssdgeearidrasdressatia tiythesvep[ err] i s
executed in the thread, the thread becones "dead" at 4554. The
thread maymanegeatoleabledhe avens manage tadetgrmaing the bisaprospspandaaceiotalicgled 8Bl t he
runferr]fini |nstruct|on If a 20 yield[err] instruction in the thread
itsel f ariB¥&8%or 3 suspend[err] instruction external of the thread is
execut ed, the thread is suspended and given the state

"non-execut abl e" at 4556. Referring now to Figure 7, the

| nteracti of) Ap@bpsems ab Haimbdineim 7 éwiich Geeduting tatdp coptsibsinforhb@ to drialle the event
manager 4273 and the schedul er 4270 will now be described. Raw events

si gnal | ed rmgnages o determine;thpeprioryf an qyprt phigt wihinAeadm 4100 are passed via the
devi ce manager 4313 to the event manager 4273. In a preferred
real i sation, sone prioritisation of the received events may be carried out

by the devg ﬁﬁaﬁﬁ@ﬁgﬁs{clanmedmmyof%ﬁﬂa%:&%ﬁ”ﬁhncﬁ%vﬂhﬂlhhéh%hrtﬁéf%&rﬁ\ﬁibéé%ed in the

operating system 4100. However, as wll becone clear, one of the
advant a e sschédulemiagtedds ematning e theaaué helddn mmprbtteorbmd tlhad Queuardndtaecotmimands y st em
described in PCT/ EP97/ 02116, the handling of events is nanaged

wi thin t hetheexesyien of tha thraad baving the highest oty At BRI tMS: 30  creator of the

m ddl eware | ayer to achieve conplete control over the event handling
procedure

20 ﬁb?arﬂtﬁﬁéfémmea HREHH ST Which B8 STbnEmaREE: is Wiptet ResighalHeGerivarenag e r
4313 are class ied by their code and their type. The code

i dent i fi esevettenesdage andtamaisstiiescheddier tdrxamigethe nevf state i fhg thyrads heldin thpthregdse of an

event
queue.

11.An apparatus for processing digital audio-visual data comprising one or more hardware devices for
transmission and reception of data external of the apparatus, the apparatus further comprising a data
processing system including a first virtual machine adapted to, inter alla, receive code written in an

20 inferpretative language downioaded via one or more of the hardware devices, said virtual machine being
adapted fo distinguish betwean code written in at least two interpretative languages in dependence on the
structure of the received code and to pass such code to a corresponding interpreter means for

interpretation and execution.

25  12. Anapparatus as claimed in claim 11 in which the virtual machine distinguishes between interpretative
code in at least two interpretative languages based on the characteristics of a header message

associated with a module of code in one of the languages.
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generated through operation of a renote control associated with the
decoder, the code can identify the 5 button depressed. The type
identifies t{Wwoonggsn of the event, e.g. the renote contr obcT/IB8/01627 Upon
recei pt of an event signal, the event mgnager 4273 uses a routing table€
4560 to defer,m ne th L i.ori . e ipBa@bd,on and
inserts a 30”‘8%0663%“ ?ﬁaa[ré‘?/dérr‘]flgr\ég?éré? {"ﬂ‘ggh%fYH@éﬁ%atﬁﬂﬁeo@sq@rgiés o t hr eads

4561 | ocat pdpkdife cBad HaSeddh tHalpiebshcdstaBsdnde f Erdadefiviid she AbfddatedWith atrodiidsfe event
obj ects 4564 may 10 be stored within a given thread as represented at

4563. The eodentonedifredanguagést4 are stocked within the t hread according
to their priority classification. Event objects within the thread of an
equal priority are classified bytheir tine of arrival (FIFO.

LPon 251 B B AEBimod Ayt AR R dBlibon b ot Lo L1

schedul er I'C exam nes the
thread hasgfented @hfebgepriority than the thread currently being

executed. If so, the currentthread is then suspended as descri bed above and
t he new t hread execut ed. In this manner a pre-enptive thread handi ng
systemis inplenented. = . In.this . .the preferred odi nent al | ows
ST Ticient MR pHELR avch TR du T 86 VB reing GertAi aoin Wien, o
system to j.e8 Bﬁ&gorﬂﬂbﬁgkﬁagte% Y Fialen&ety Lﬁeadﬁ%@&%e@éo&ﬁe@%% i fokke system
IS processing an existing prior event. The di sadvantages of the
known gpnglafguagercessor queue system are thereby over cone.

Wi | st the preferred enbodi nent has been described in relation to a
pre-enptive systemin which the 25 arrival of an event causes the event

manager to_,signal the scheduler, to interrupt, execution of thre

ot her i npl éﬁéﬂf"%ﬁafag‘ﬁgs %"@edﬂb@% Pisrens 1&&% 5@9&%?%6'“#‘?@%' [“Ig Wg%‘sﬁc‘?%se‘%%yst em

t he schedul,gf refeRce to one or mBEfuh@6H iBAkdsy | Nterrupt execution of a thread to
exanm ne the state of the thread queue. Alternatively, the schedul er
can be adapted to interrupt execution of a thread to exam ne the thread
ueue after each

g 15  17. An apparatus as claimed in ¢claim 16 in which a common function library Is shared by a plurality of the

interpreter means.

18. An apparatus as claimed in claim 16 or 17 in which one or more of the interpreter means executes

cods with reference to a function library exclusive to that interpreter means.

19. An apparatus for processing digital audio-visual data comprising a data processing system

including a memory and a memory manager for allocating and storing objects in the memory, and in
which a first set of objects are allocated by the memory manager with reference to a set of handles,
each handle including a reference to the memory address of a corresponding object, and in which a

25  second set of objects are allocated and stored directly in the memory without reference to a handle.

20. An audio-visual apparatus as claimed in ciaim 19 in which objects in the second set are allocated
and stored in the memory by the memory manager but may be retrieved directly by other elements of
the data processing system.

30
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instruction in that the thread is treated. 30

21° MEMORY MANAGER As will be appreciated, in the context of
recei ver/ decqggbyisbdae nenagenent of the menory pool within gdi@mesmiszr System
is particularly |nportant S|nce nennry pace is relatively restrlcted as
conpared to for exa C.or otther hard di sk based platform

the foll ovmzﬂ‘rgA'b%’QE’ Wgﬁ' FB‘W"a“{sﬁéc'ﬂ‘E'ﬁ%F‘f’alﬂblﬂ or 2Q)ip which, 1R §et of 'E?“F'ﬁ%a'e also stor e‘?ne nory

space wit hi, ! {ﬂ% M of the receiver/decoder. However, as nentioned above,
I

t he yndence between the physical and Iogical or gani sati on of
the nenory is not exact and the menory pool described bel ow may be

| ocated in or shared between ot her physical nenory devices, such as
a FLASH ner2er 4n ataio-vEE@Wa@tscaﬁ clai‘me¢hin rany ¢felaims 8 ol in whichdiekomemory anager Is

Referrlng now to Figure 8 t he organi,sation of the avail able
Teror y 1 AP g phisch o o st et wilin tTEToN 10 PRSP HRATHSLAEERS <

shared bet a pool of displaceabl e obj ects

4610 and avégogéalﬂhg&?g?ﬁg ?n@ﬁﬁ%ﬁ%ﬁ@%ﬁ ects 4620. 15 Each object in
the pool 4610 is identified by and corresponds to a handle stored in the
pool 4600. The rel ation between a handle and its corresponding

obj ect is re&anAmaudiobysualiapparatysis plaimad inglaime?R, inydick algjests of the first sppara displaced Fi gur e
4) whi ch aI so controls the access to the pool .. All calls to, objects In the
pool are ndffin fig memory V*H%"eﬁ'aw(ﬁ'ra@agw"wam&aﬂbm@%ﬁé’?’f B“’Bm Y4600 and

1610 1 519"\ AR aispliERerfof i bxagSloalobieli® P stored in nenory a
nt u

handle 1's created | e poo 600 i ncluding a pointer to the address of
t he obj ect
24, An audio-visual apparatus as claimed in claim 22 or 23, in which objects of the first set are
dispiaced according o a compaction algorith'm in order to group together the maximum amount of free
memory space within the memory, as calculated by the compaction aigorithm.
15

25. An audio-visual apparatus as claimed in any of claims 19 to 24 in which objects of the second set

are non-displaceable within the memory.

26. An audio-visual apparatus as claimed in any of claims 19 to 25 in which the data processing

20 system includes a virtual machine, the memory manager forming part of the virtual machine.

27. An audio-visual apparatus as claimed in claim 26 in which the virtual machine has a muitithread
architecture, in which a thread may be temborarily suspended during the course of its execution to
permit execution of another thread.

25
28. An audio-visual apparatus as ¢laimed in ¢laim 27 In which the mufti-thread virtual machine
includes an internally generated garbage collsctor thread, the virtual machine acting upon execution of

this thread to free objects in the memory not currently referenced at that time.

T



200 within the pool 4610. In such a case, the list of handles wll be

I ncreased by one. The handl es are organised in a list formation in
the pool te pgpehisrsPnpactage by the nmenory manager. rCcTABSREYS W | |
be allocated I n the pool as needed and according to the space available:r In
the case that an obj ect allocation i, demanded whi ch requires nore
space In one block than is available, it w1l be .25 necessary to conpact
the objects alreggy ahh awi-Gobal dpbriGs AFdHI in CRf ANRAGT dXELION oftEgdAlig Ct S
in the menory can be carried out according to any known conpacting

al gorithm for exolleiios thread GlEpaauses M aitlial machine to cafy abdispideament of objadls pfitiahiest t
enbodi nent, the Mark Sweep conpact algorithmis used. In order to conpact
space, the obj ecse sasardingoto @acompasiianchigorithin lincordaes iegra@itogethebthe maximumramepnt of

obj ects nore cl osely together, avoi di ng any spaces between adjacent
obj ects. InBthisTARPEMAYFPAP-ce nmenory space is clustered together in 30

a block so as to allocate for a new object in the pool 4610.

22 As nentioned above, the nenory nmanagenent package nmaintains the

correspondence bgpweegy gngébgbi&ﬁt apparatus A bt iP5HY of SEME @B%QW?‘?ME% fBmérji©

pool 4610 and the new a sses of the objects’in the pool w

updat ed i nto t he i©dinaddlydhd ormonrdlRAN corfgondnits, Ur e access. 5 Wi | st the
use of handles to access certain objects enables the systemto optim se
menory |l ocation in the pool, the process increases the tinme needed

to access such objects, since it is always necessary to first

retrieve tA® handle i A" BRRIEAIUSER CRiBkin Y rAceding) HRip .' %@Paﬁ}"é&%d%def
certain situati Ori'osraaad%alth'%sm?s@aﬁ%m “‘TFSW%S‘&%EE%M gmt 0 certain

desi gnat ed events re raprd access e required. 10 In
such a case, the objects can be allocated in a pool of non-displ aceabl e
obj ects 4620. The address of

32. An apparatus as claimad in any of Claims 1 to 18 in which one of the hardware devices

comprisas an MPEG demuitiplexar.

15
33. An apparaius as claimed in any of Claims 1 to 18 in which the hardware devices may
comprise at least one of the following: a tuner, a serial interface, a paralle! interface, 2 modem

and ons or more smart card readers.

20 34.  An apparatus for processing digital audio-visual data, comprising:
hardware operating means associated with one or more hardware devices for
transmission and reception of dals; and a multi-thread virtual machine comprising means for
receiving event messages signalled by the hardware operating means, means for assigning
corresponding event objects to onie or more threads, and means for suspending a thread during

25 the courss of its execution to parmit the exscution of another thread.

35, An apparatus for processing digital audio-visual data comprising one or more hardware
devices for transmission and reception of data external of the apparatus, and a virtua! machine

comprising means for recsiving code written in an interpretative language downloaded via one

R



such objects is fixed wwthin the pool. There is thus no need for the
creation of a handle and the objects are used directly by the
system ther sopigteg! | fyi ng the access procedure for these pgfassshs0b ects.
Again, as with the boundary between the pools 4600 and 4610, the boundafy
bet ween the pools 4620 15 and 4610 wll be shifted depending on the

i nformati on stocked in the pool 4620. 28 In the event, for exanpie,
that a non-di spl aceabl e object is be allocated to the pool 4620 and there
IS I nsufficient space due to the arrangenent of displaceabl e objects

1P L bR ok M A

carried out, as [ ( jects’in the pool "are re- 20
organi sed so as jharpkdtdi0d Rhdagddtn dEPEAIEREE cAMRYLHIctRE ofie@Beivel cBIYY ahd YRéknb Ror

possible to allocate a non- di spl aceabl e bl ock in the pool 4620.
The choi cesof whpaskingdick ctds taa corssmptisgiataipretsr anadns\ibri imérpoiatiercdral easontion,
non-di spl aceable is at the discretion of the designer. For exanple,

obj ects corresponding to the system nay be chosen as non-di spl aceable in
25 view of the inportance, of these, objects, whilst high | evel application
obj ect s may be p| ATLSERES fof procsssing elgll -yl Asih TP & PRtk B
obj ects can be t ] | i
J @gﬁg&{, Rlahaghr dofBise d.dééér’fofiuoiézgaﬁngsa%& ettoPot%‘;ﬁtQéeﬂﬁ ?ég%&(a%?o &5at

non- novabl e obj e I'n~or I"m nate un Jects Trom
the menory pool §h@ndiaes &R RERde Ho@ing B GétbreiRe do H1-riehohCalidredd ofl@ cbrA@Bonding
collection. This involves the creation of a special garbage collector

t hread of 1ohe | ovisest, apd meanstfor allocating and storing a second set of objects directly in the memory

23 which will be addressed by the scheduler in the event that no other
t hreads are cur rwihophyeferepgede) ahandan e queue. Upon execution, al

di spl aceabl e objects currently allocated in the pool that are not being

az. An apparatus for procassing digital audio-visual data substantially as herein described.

G T



referenced at that tinme will be freed. The garbage collector thread may

al so carry out conpaction of all ot her di spl aceabl e objects al ong the
| i nes descri bwodaiigrse. 5 The creation of a garbage cedmessigart hr ead
is known in the context of other nultithread systens.used in ot her
applications outside of a digital television systemand will not be

di scussed in any further detail here. However, it wll be appreciated
that use of a garbage collection procedure in conbination with the other
menory managenent techni ques descri bed above provides particul ar advant ages
in the present context.

24 CLAI V5 1.
An apparatus for processing digital di o- V|sual data, the apparatus having
at | east one associated 5 har dwar r tlng system associ ated with one
or nore hardware devi for transnlss n and reception of data and
in which the apparatus rther conprises a data processing system i ncl udi ng
a multi-thrpad— — —_ Vvirtoual Tachi e adapted—to, Tnrer ala; recerve event

and in which a thre

messages sipnall ed by the hardware operating
correspondi ng event objects to one or nore t

systemand to assiga
d

may be suspended during the course of {i Kecution to permt th
execution of another thread. 10 2. A ratus as clained in c”aim
1 in which Lhe virtual machine has a pre-enptijve \nultithread

architectur in which a thread is suspended durifZg the course of its

execution by the creation of a thread f high§61éwiority.
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15, 3. An apparatus as clained in claim1 or 2, in which the virtual
machi ne conpri ses an event nanager adapted to respond to an event
message signMOBA8BY t he hardware operating system by stor PRHIEISOMIENt _
object in one or nore threads in a priority organi sed thread queue.

4. An apparatus as clainmed in claim3, _in which event nmessages sent fr,om

t he hardware operating system 20 to 2He event manager are first processed

by one or nore device nanagers within the data processing system
5. An apparatus as clained in claim3 or 4, the event manager further being
adapted to respond to an event nessage generated internally by the

virtual nmachine or received froma high | gyel applcation within 25 or
external of the data processing systﬁg.g. 6. An apparatus as cl ai ned
in any of clainms 3 to 5, in which the event manager classifies event

obj ects internally within a thread afcordijng to the priority of the
event nessage and/or the arrival tinme of theogygnt message. 30

25 7. An apparatus as clainmed In any of cldins 3 to 6, In which the
virtual machine further conprises a rduty ng tabl e containing

i nformation regardi ng possi ble event nessage$ and addressabl e by the event
manager to enable the event manager to deterfm ne\the thread correspondence
of a received event nmessage. 52012

2026

4002
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8. An apparatus as clainmed in claim7 in which the routing table contains
information to enabl e the event manager to determne the priority of
an event obj sxi9ms3di N a t hr ead. 9. An apparatus reTAsssOsR™ i n any
of clains 3.to 8, in which the virtual machine further conprises a 10
schedul er adapted to exam ne the threads held in the priority organised

t hread queue and to command t he3@xecuti on of the thread having'the
hi ghest priority at that tine. 10. An apparatus as clained in
claim9, in which the event manager is adapted to signal the arrival of an
event nessage and to cause the scheduler to exam ne the new state of the
threads held in the thread _15 queue. Q 11. An apparatus for

processing digital audio-vi €&al data conpr@si ng oned)) nore hardware

devi ces for transm s&f and recept jon _of datadexternal of the
apparatus, the apparatus fu confprising a data processi ng system
including a first wrtuéd%mh,m ad pted_r . intkr hIlh, receive code
witten in an 20 mterpgf%%v ?rhgua e| flownl opdep via one or nore of
t he hardware devi ces, s3i I chi lpel ng adapted to
di stingui sh between codgq wj 2 in aht I«als Int erpget ati ve | anguages
i n dependence on the tur? gfmt rece vefl cpde and to pass such
code to a correspondi ng |i nt! r i nferpretation and
executi on. 25 12. An us a d inlcl i mg1l in which the
virtual machi ne distingdi he iMTetpretatlve code in at
| east two interpretative gg zﬁse oh]the charhct ¢ristics of a header
message associ at qd \ e lil_'lE f_‘_;qode i p ope ¢f the |anguages.
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26 13. An apparatus as clainmed in claim11l or 12 in which the virtual
machi ne di sti ngui shes between I nterpretative code based on the
presence of RFHAEMOf a header nessage associated with a qqgﬂhﬁmﬁ&”
code in one of the |anguages. 5 14. An apparatus -as clained I n any-of
clainms 11 to 13 in which at | east one of the | anguages is an object
oriented | anguage. 15. An appgsratus as claimed in any of clainms 11
to 14 in which the virtual machine identifies code witten in an

obj ect oriented | anguage by the presence of a header nmessage associ at ed
with a class file in that 10 | anguage. 16. An apparatus as
claimed in any of clains 11 to 15 in which each interpreter neans executes
code reflerence to one or nore function libraries. 15 17.
An apparatugaagtglained in claim16 in which a common function library is
shared by agy @alitfy of the I nterpreter neans. 8. An

apparatus asff medq in claiﬁil6 or 17 in i ch one or nore of t
interpreter W@ g ecutes g code witly Neference to a functEon\library
exclusive to Lrjterpreter, . 20 . An apparat us
processi ng di g@ &Cdudi o-vi sgal datla conpri|si ng data processing s
I ncl uding a nn&pr d\@\ﬁﬁﬂtr& ger forl 4B oclhting and storifg | et s
in the nenor S0 B p first |SEWeff objects are al lldt by
the memory fap$p@ with refere’gﬂgqo a set |{f la.nPI es, ea e
i ncluding a refefende to the @@E}/_a.d.dgess g_é)[ug correspondi ng ohFe&E pnd
in which a £ T nhOZ el
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25 second set of objects are allocated and stored directly in the nenory
w t hout reference to a handl e. 20. An audi o-vi sual apparatus as
cl ai med in clyaiotugysh i N which objects in the second set arecinBssatzd

and stored in the menory by the nenory manager but nay be retrieved

directly by other el enents of the data processing system 30
27 21. An audi o-vi sual apparatus585 clained in claim19 or 20 in‘which
the set of handles are al so stored in the nenory. 22. An

audi o-vi sual apparatus as clainmed in any of clainms 19 to 21 in which the
menory manager is 5 adapted to displace objects of the first set within

the menory and to change the address referg8ce s§red in the
correspondi ng handl e accordi ngly. g3>\ An audi o@Nsual apparatus as
claimed in claim?22, in which objects of th LLst set i spl aced

wi thin the nenory by the nenory manager whep @b fnore objlects{ may be stored
in the nenory 10 w t hout di spl acenent of t{‘Ha exi stin Fed obj ects.
24. An audi o-vi sual apparatus as clainmed in ggai m 22 or n whi ch
objects of the first set are di spl ac¢dahdcording fto a] conpaction
algorithmin order to group together the naxi®#ih anount ee:

menory space within the nenory, as cal cul at ¢deby the co on algorithm

15
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25. An audi o-visual apparatus as clainmed in any of clainms 19 to 24 in which
obj ects of the second set are non-di spl aceable within the nenory.

26. An audi owg sou@bsoapparatus as clainmed in any of clains ¥riBesdlszyn whi ch
the data processing 20 systemincludes a virtual jmachine, the menmory-

manager formng part of the virtual machine. 27. An audi o-vi sual
apparatus as claimed in claim26 in weZch the virtual machine has a ¢
mul tithread architecture, in which a thread may be tenporarily
suspended during the course of its execution to permt execution of
anot her thread. 25 28. An audi o-visual apparatus as clained in
claim27 in which the multi-thread virtual machine i ncl udes an
internally generated garbage collector thread, the virtual machi ne acting
upon execution of this thread to free objects in the nenory not
currently referenced at that tine.

28 29. An audloglsu us as clainmed in Caim28 in

whi ch execution of the garbage .. O 0l  ection thread al so causes the
virtual machine to carry out i objects of the first

set according to a conpaction a goﬂortm in gxder to group together the

maxi mum anount of 5 free spacg. 30. An

audi o-vi sual apparatus as clai med\in aﬂy g jms 19 to 29 in which the
menory i s defined by one Wost e RAM cmsponents
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10 31. An apparatus as clainmed in any preceding claimin which the

apparatus is a decoder for a digital transm ssion system such
as a digital wioahg¥hsei On system ' 32. An appapéhﬁg&gﬁnﬁlalned
inany of Clainms 1 to 18 in which one of the hardware-devices

conpri ses ah MPEG demul tiplexer. 15 33. An apparatus as

claimed in any of Clains 1 to 18 in whgh the hardware devices may 4
conprise at |east one of the following: a tuner, a serial interface, a

parallel interface, a nobdem H n7vone or nore smart card readers.
20 34. An apparatus for procjglgig di gi tal audi o-visual data,

conpri si ng: har dwar e oper.af,l E soci ated wth one
or nore hardware devices for tran U eception of data;

and a nmulti-thread virtual machi ne conprising ne .
recei ving event nessages signalled by the pmare operatlnqsg?ans means
for assigning ¢ correspondi obj ect s nor e

t hreads, and nepns for suspendi ng aﬁ.ﬁ@qg LLu_l:Lg.__ZSTHREABh —course of
its execution tp pernit the executiion of angther thrlg 35
An apparatus fof processing di al audi o- vi sual data co ri sing oA864r
mor e har dwar e deviges for t and re @*_ﬂhta
external of thejapparatus, anhd a virtual 4564 pri$i ng
means for receiling code Mitten in an LnﬁqgggﬁqiL:ve | angughe dowsl oaded
via one
SCHEDULER 4563 N~ 4563
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29. “or nore of the hardware devices, neans for distinguishing
bet ween code witten in at |east two febt exephal at | es| anguages in
dependence on the structure of the received codg,:,c@d}g&.rt%ans
passing such-c@EFo a cor espoReLRguAlYROERFrORGNzIRANS for NagcH

and executi on. 36.  AfemfsphPEt'us for processing digital
audi o- vi SNEHRNAGIONAJoARRLIGATION RURBISHEE) UNDER AHE PATENT COOPERATEOY TREARG@PLCT)

CONPY | &b RideriABAH PatbuP§EraBinchifds 81 | NQ & [1 19 hlﬁﬁt}mgitmﬂlams&s.@m.h ret WewAsTR A
set 04N .”175)f handl es, each hapgdhe ‘i'ncluding a retference to the nenorly
address of a corresponding 10 0l jaaTbterasiohal Pbliagiod re: al | A5 sufril 1999 (E510€b9)
stori a Second Ser of obj ecrs ditectty T the TTeEnoTy Wi tout
r ef er @b dntdnatigal [Apylickties Number: PCT/IB98/0B627 | (81) Mevipuepeid Statent &5 AMOAT, D%E,@%?i’g] g. (1‘31];'
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(54) Tilet MULTITHREAD DATA PROCESSOR
(57) Abstract
In a first aspect, the present invention comprises THREQgezQUEUE
an apparatus for processing digital avdio-visual data, - 4561 2561
in particular, a receiver/decoder for a digital television 1
system, comprising one or more hardware devices for m E— m —
transmission and reception of data, the hardware de- 4564
vices having at least one associated hardware operating EVENT EVENT)
system (4100), the decoder further comprising a data / 3554
zhrocessing system including a multi-thread virtual ma- ’____EVEN!'__
ine (4250) adapted to, inter alia, receive event mes-
sages signalled by the hardware operating system and SCHEDULER 4563 4563
to assign corresponding event objects (4564) to one or . 4250
more threads (4561), and in which a thread including 4270/ %
an event object may be suspended during the cousse of ﬂ%ﬁe
its execution to permit the execution of another thread. EVENT /
Viewed from a second aspect, the present invention re- MANAGER - 4560
lates to an apparatus for processing digital andio-visual TN
data comprising a data processing system including a 4273
first virtual snachine adapted to, inter alia, receive code
written in an interpretative language downloaded via U S
one or more of the hardware devices, said vittual ma- (
chine being adapted to distinguish between code written DEVICE 4264
in at least two interpretative langvages in dependence 4260 MANAGER
on the structure of the received code and to pass such )
code to a corresponding interpreter means for interpre- - ‘1_ ——
tation and execution in particular with reference to a a1 | ATOS
common or specific function library. Viewed from a i
third aspect, the present invention comprises an appara-
tus for processing digital audio-visual data including a
data proc_essing system including a memory and a memory manager for allocating and storing objects in the memory, and in which a first
set of objects are allocated by the memory manager with reference to a set of handles, each handle including a reference to the memoty
::drch? :]f a comresponding object, and in which a second set of objects are allocated and stored directly in the memory without reference
a handle.




