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' appli at 's??tem for generating interactive application program information,
including executable code and data, and combining the interactive
application program information as an additional component with the
video and audio components of the associated television signal. The
processor in the television receiver receives the interactive application

20 program information from the broadcaster, executes the interactive
application program represented by that information, generating the
graphics and sounds to be combined with the television video and

audio, and processing user inputs received via a remote control unit.

25 In a proposed AVI system, the composite AVI signal from the
broadcaster is broadcast in the form of a packet data stream, including a
plurality of time multiplexed packet services. Each packet service
carries a different component signal of the composite AVI signal. For
example, one service carries the video component, another carries the

30 audio component, and another carries the interactive application
program information component. There may be still other services
carrying stereo and SAP audio channels, and/or closed captioning
information, etc. In addition, some packet data streams may include
packet services carrying component signals for more than one AVI

35 program. Each packet service has a unique service component identifier

- (SCID) associated with it and the packets in that packet service each
include that service identifier. R



program i nformati on conponent. . There may be still other services carrying
stereo and SAP audi o channel s, and/or closed captioning information, etc.

I n addition, sone packet data streans y include packet services-carrying
conponent signals for nore than one AW ™35 program Each packet service
has a uni que service conponent identifier (SCID) associated with it and the
packﬁts in that Fucher mertheowogmbdiANludgstdm; oner packet genvicei earries - 2-
Furt her V1. §€ a ram
ut do- and! ibroBEH; 29RE el tpClaies ™ 3?%%* o Fiefyice dgeqifers PIRELT
t he progrdate g@m@qodbkdhespr%r@m aswd@. Pas et rﬁ@rw‘pp@smmtm the AVl

program Wpélﬂﬁl@eéf/ 4nc AanfJicfgrﬁhﬁ Wftht ﬂ?e %e?@i%@tldé@ﬁﬁbfsesoﬂ:%éyl ng

t hose _co ents. Usi ng packet ifrw cg?} ca agﬁ
corrpoﬁenEE‘chttsr?évlf@l %'ay ‘g‘:"é@r AMPORERES-c 11188t BYSt

st reamOI Ebmcesrp@myingltbaabomponbhas Al the gdeéhlrcwcmn gﬂbgr?hr mlry abcle 10
carrie a Si nits, each consisting of a plurality
of packet%ét&%??(? 246%% El{f’ [pqc:?ez &F? sm ssion unit is a header packet, and

t he remai ni ng packets |n the transrri ssion unit are associ ated data packets.

The header a t f n he
associ at ed 3 a ac S car r@hﬁ?}mha%b raTlggIn Sf%ﬁl ﬁaél&w agtéjasttf’eatﬂ ?l‘é
conpbfencasi @é\alPY ORG [ QI ERETE; tEANSIRISSION, “@MS‘@ seaﬁdy qq@émmg cﬁff faepéma lty

nunbers of ﬁﬁélﬁ:t@ac etfirst aputkidcindamy tranlhiissioh uh@t o tirader szqﬂﬁdts into

IZI[ ?pzperi?"hao Itg?n) Int?rsﬁlga 52:13!%0 fel;uteﬁget?lleb)(ransmlssmnn%m?caersés aars§/oc1atedcf &atgr the

packets. The header packet contains information about the following
data, and the associated data packets carry the data making up that

15 portion of the component signal. Different transmission units may
include different numbers of data packets, and the partitioning of the
component signals into transmission units may be influenced by the
timing necessary to deliver the different component signals to the
viewer locations at desired times, or other real time considerations.

20 |

The interactive application program information component

consists of one or more code modules (containing executable code),
possibly one or more data modules, and a directory module which
includes -data describing the code and data modules making up the

25 interactive application program component. These modules are
continuously repeated in the application program data component flow.
The modules are each uniquely identified, and are carried by
transmission units, as described above, in which the header packet
contains the identifier of the module and the location within that

30 module where the data in the following data packets belongs. The
interactive application program information component also includes
special signal for controlling the execution of the AVI application
program. For example,' one signal may instruct a currently executing
AVI application program to suspend execution; another may instruct a

35 currently suspended AVI application program to resume execution; and
another may instruct the currently executing AVI application program
to cease execution. These s1gnals may be incorporated into signal
packets within the AVI: program - component packet service.



,viewer |ocations at desired tinmes, or other real tine considerations. 20
The interactive application programinformation conponent consists of one
or “nore code nodul es (containing execygtabl e code), possibly one or nore
-data nodul es, and a directory nodul e which includes data describing the

code and data, nodul es makin he 25 _interactive [ | on Qgr am
conponent .  PheBEPGESSRN 48 aﬁexcholﬁ]fP?l‘?}BﬁE’I ynﬁsbe‘hFe%"'ﬁﬁ&l[-r?ga 1S ggft“lgon
pr ogr amidader, cfirsoexintacts ahe directaryulmedalee feamhthenidat@| floiwjeand f i ed, and
are carr a .SS) LS. .as :de i V, ' ' header
packet y&ﬁ?ﬁﬁghghgﬁ%gﬁﬂtl | (La{"lrH ntc@"%eﬁe ﬂrimgﬁ eag%ccfaﬂﬁeﬁl gggﬁﬁ@nﬁ‘%ﬁ?# t hat
30 nodwodenwmaduleris fiast tonbe raxerytadoni Fhatigodepmedule; ealleshdhe The
| Nt e5acinfSstahPlm Pl NisP tREH &R drad el "R rANtHeO ALY Flowaapl 1owdeddgatepeci al
signal for contro |3§ t he executi on of thf % SE Ilcatlrn r %r m, For
exanpl e thenmengnn  Yehennthe autostart, medule, hase gﬁ‘ nEPRP etgf;bﬁl @aﬁion
progr agﬁihmA{a/neﬂm?l, akecptocussonitiging twagxeoster tedt eodd modulent During
suspen plicat i am .t S i on may
et ucane EowBroh Rty SXedlf,oMay, Sod oot il fdneRt atd Hbf
execut i atata Timedales ddehtifiedy inetliencliressory emoinles sThoae dataksmedwleshi n t he
AVI . pro t i adeg A Oknd n I
rectl et U RARER e S UGHBL fiflo, mempiy. | VAP RS “;‘*g‘féét ey E‘:e;‘"“
di rect ocpmpletely doaded Hatgamemeniy, the FeauestingsCcq mﬁ_gB §i BAtifisd aj ned
in the gndeekesution Elsitpnues)eoVrotess atiat raudal eli 3s false tpdssible foreomeed.
That code m)dulde, cal l %d. t r}e '
code module to chain t0 a subsequent one. In such a case, the current
code module issues a request to chain to a new code module listed in
15 the directory module, and its memory space is freed. The requested
code module is then extracted from the data flow, and loaded into
memory. When it has been completely loaded into memory, it is

executed. Other functions are possible, and will be described below.

20 Unlike other distributed computer systems, the AVI program
component being received by the AVI receiver may change at any time.
For example, an AVI program may be interrupted by a non-AVI
commercial or by an AVI commercial, which, of course, includes. a
different AVI program. Or a viewer may change channels from one

25 AVI program to another AVI program. It is necessary to maintain
proper synchronization between the AVI executable code, and the
sound and graphics being generated by that code, and the audio and
video components being received.

30 " In accordance with principles of the present invention, in an audio
video interactive (AVI) receiver receiving a packet stream including a
directory and an AVI program having an associated identifier in the
directory, a method for controlling the execution of the AVI program
comprises the following steps. First, loading the AVI program into a

35 memory in response to the presence of the AVI program in the packet
stream. Then beginning execution of the loaded AVI program. And
then minimizing the executing AVI program when a directory
identifying a different AVI program is detected in the packet stream.
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FIGURE 1 is a block diagram of a portion of an AVI signal decoder,

mcorporatmg the present invention. A decoder as illustrated in FIGURE
1 is installed in each viewer location at which it is desired to participate

20 in AVI programs. In FIGURE 1, a transport mechanism (not shown) is
coupled to an input terminal 5 of the decoder. Input terminal 5 is
coupled to an input terminal of a tuner 10. An output terminal of tuner
10 is coupled to a data input terminal of an AVI program component
detector 30. A data output terminal of program component detector 30

25 is coupled to a system bus 416 of a processing unit 40. Processing unit
40 includes a central processing unit (CPU) 410, a read/write memory
(RAM) 412 and a read-only memory (ROM) 414 coupled togéther in a
known manner via the system bus 416. A stream I/O adapter 408 is
bidirectionally coupled between the system bus 416 and a control

30 terminal of the program component detector 30.

An audio processor 418, coupled to the system bus 416, provides
an audio signal to AVI audio output terminal 25, and a video processor
420, also coupled to the system bus 416, provides a video signal to AVI

35 video output terminal 15. Further input and output facilities are
provided by an I/O port 422, coupled to a collocated local processor (mot
shown) via a bidirectional terminal 45; user I/O adapter 424, for
receiving data from a user via an input terminal 35; and a modem 426,
coupled to an outside computer (not shown) via a bidirectional terminal
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- transport mechamsm by modulating respective RF carrier signals. Each

RF carrier signal is rebroadcast from a respective transponder in the
satellite to the viewer location. Tuner 10 selects a desired RF
15 modulated signal, under the control of processor 40, in a known
manner. For example, in the direct satellite system, the RF modulated
signal containing the packet services carrying the components of the
desired AVI program signal is tuned by a known RF tuner. The output
of tuner 10 is a baseband digital packet data stream containing those
20 packet services.

CPU 410 requests desired packet services from the program
component detector 30 by writing the desired service identifiers and
RAM 412 buffer locations into appropriate service component identifier

25 (SCID) and direct memory access (DMA) controller registers in the - '
program component detector 30 via the stream I/O adapter 408. The
program component detector 30 then monitors the packet data stream
for the desired packet services. When header packets from any of the -
desired packet services are received, they are stored in a

30 predetermined header packet buffer in the RAM 412 using known DMA
write techniques, and a header packet interrupt is generated. When
data packets from any of the desired packet services are received, they
are stored in the previously specified buffer locations in the RAM 412
also using known DMA write techniques. When all the data packets in a

35 transmission unit have been received, a data complete interrupt is
generated. Reception of header and/or data packets from a packet
service may be enabled and disabled under control of the CPU 410. See
U.S. Patent Application: Ser. No 232 ,787, PACKET VIDEO SIGNAL
INVERSE TRANSPORT PROCESSOR MEMORY ADDRESS CIRCUITRY, by
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30.” A data output term nal of program_gonponent detector 30 25 is coupled
to a system bus 416 of a processing uni't 40. Processing unit 40 includes a
central processing uni read/wite nenory (RAM 412 and a
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fi ber opt PEOgFam ¢@mponent detector 30, and are written via’ DMA into the
previously specified buffer locations in RAM 412, the video processor
15 420 and audio processor 418 read the data from the RAM 412 buffer
' locations associated with their respective packet services, using known
DMA read techniques, under control of the program component detector
30. Video processor 420 and audio processor 418 then decode “the
compressed and encoded data to produce the AVI video signal at output
20 terminal 15, and the AVI audio signal at output terminal 25,
respectively. It is also possible for CPU 410 to cooperate with the video
processor 420 and/or audio processor 418 in the decoding process. The
data component packet service packets are processed under the. control
of the CPU 410 in a manner described below. '
25
As described above, whenever a header packet from a requested -
packet service is received by the program component detector 30, it is
stored in a predetermined location in RAM 412 for that packet service,
and a header packet interrupt signal is generated for the CPU 410. In
30 response to the header packet interrupt signal, an interrupt handler is .
executed which analyses the contents of the header packet and either
appropriately updates the RAM 412 buffer locations in the DMA
registers in the program component detector 30 and enables the DMA .
transfer, or disables the DMA transfer if the transmission unit is not
35 desired. Once the DMA transfer is enabled, the data in the data packets
is then loaded into RAM 412 under DMA control. When the loading of .
the data packets is completed, the program component detector 30
generates a data complete interrupt "signal. In response to the data
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transm ssion unit have been received; a data conplete interrupt is _
generated. Reception of header and/or data packets, from a packet service
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use CPUs using different instructions sets, e.g. from different
manufacturers. In this system, the application program is processor
independent intermediate code. The software in each decoder includes
a. component which interprets the intermediate application code

20 (INTERPRETER). This enables the broadcast application program to be
executed on decoders containing any type of CPU 410. That interpreter
will read the AVI data component instructions in intermediate code
from the RAM 412, manipulate memory, and interact with the -
hardware through other software components via an application

25 programming interface (API). This API, which is basically a list of
subroutines available to an application program and the information
necessary to call them, is published and may be used by the, application
programmer to access the decoder elements.

30 A math library performs all the functions needed to implement
integer and floating point arithmetic. A flow operating system controls
all the drivers necessary to monitor the data component of the AVI
signal, and process requested modules, as will be described in more
detail below. A user interface management component handles all the

35 user interaction, and utilizes a graphics library, and an event manager
to communicate with the user. The graphics library performs all the
generation of graphic images to overlay on the received AVI video, and
uses the math library for drawing complex curves.
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manner degfd 1180 rOSis¥s in the associated hardware adapter via the system bus .
416. For example, there are drivers for the modem 426, the external
15 I/O port 422, the stream I/O adapter 408 and the user I/O 424. In
addition, separate drivers maintain a software timer and operate the
front panel of the decoder. These drivers are closely dependent on the
event manager. All of the above components use common functions
provided by a multitasking kernel. For example, the kernel maintains
20 process priorities, active task queues, signals, semaphores, preemptive
task switching clock ticks, interrupts (hardware and software), and |
process stacks. In addition, the kernel provides hardware initialization
and initiation of the first system task, which is a system loader.

25 At initiation, the system loader executes API calls to the flow
operating system, which in turn calls the stream driver to send the
appropriate data to the program component detector 30 via the stream
I/O adapter 408. These API calls from the system loader initiate a scan
of the data component packet service for the directory module in a

30 manner described in more detail below. When the directory module is
found, it is loaded into RAM 412, and checked to see if all of the
required resources to execute that program are available. If so, then
the system loader initiates a scan of the AVI data component for the
first module, termed an autostart module, which will initiate the AVI

35 program. When the autostart module is located, it is extracted from the '
data component packet service and loaded into RAM 412. This
autostart module is in the form of intermediate code, and is executed by
being interpreted by the interpreter. The autostart module performs
the remainder of the initialization and begins execution of the AVI



25 As described above, whenever a header packet from a requested packet
service s received by the program conponent detector 30, it is stored in a
predeterm ned location in RAM 412 for _phat packet service, and a header
packet interrupt signal is generated for the CPU 410. In 30 response to

t he header packet interrupt signal, an_ interrupt handler is executed which
anal yses RIogramnt chhis @Program h@aarepowbbetloaddome@heed%pw%mtat madulgsiat es
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il lustrated re r sent execuf abl e
application program deallocates all its resources, and maintains only a
minimal presence in the processing element 40. For example, the
15 memory used to store all code and data modules may be freed, and only
the execution state of the application kept in RAM 412. When the
minimization of the application program has completed, a message is

sent to the system loader.

20 The system loader then allocates the resources necessary to

' execute the AVI program represented by the new directory module.
When a new directory module is detected in the AVI data component
packet service, a list of previously minimized applications is searched,
and if the application represented by the new directory is present, that

25 application is resumed by reloading the necessary code and data
modules from the data component flow, and resuming execution from
where it had previously been halted. This may happen at the end of an
intervening interactive commercial. This process may be recursive,
where a second AVI program may, itself, be interrupted by a third AVI

30 program, and later reactivated.

FIGURE 3 illustrates flow diagrams and memory layout diagrams
and FIGURE 4 is a more detailed block diagram of the program
component detector 30 (of FIGURE 1) and a more detailed memory

35 layout diagram useful in understanding the extraction of modules from
the data component in an AVI program. In FIGURE 4, the baseband
digital packet stream from tuner 10 (of FIGURE 1) is coupled to
respective data input terminals of a data DMA controller 32 and a
header packet DMA controller 34 within the program component



.code and associ ated constant data. As the code executes, it may generate
and access variable data, which is stored in the RAM 412. 15 In the
proposed AVI broadcast system differgpt decoders nmay use CPUs using

different instructions sets e.g. from dlfferent manuf acturers. In thIS
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curves. the data DMA controller 32 completes a data transfer it generates a
15 data complete interrupt for CPU 410. When the header packet DMA
controller 34 completes loading a header packet, it generates a header
packet interrupt for CPU 410. |

Also in FIGURE 4, the RAM 412 is represented by a large block,

20 and data structures are represented by smaller blocks within the large
block. The blocks in FIGURE 4 are schematic only, and are not meant to
illustrate either absolute or relative locations or sizes allocated in the
RAM 412 for the data structures. In 412, a module request queue 322,
a header. packet buffer 324, a directory module buffer 326 and a

25 module buffer 328 data structures are illustrated. Fields of information
within the data structures are illustrated as horizontal slices containing
the name of the type of information contained in that field. These will
be discussed in detail below.

30 FIGURE 3 illustrates the procedure followed in extracting a module
from the data component packet service and storing it in a buffer in
RAM 412. Similar procedures are followed for other module processing,
as will be described below. In FIGURE 3, actions taken in an application
program (or the system loader) are illustrated in the left hand column

35 under the heading "APPLN PROG. ". In block 302, the application
program, usmg the API, makes a request to the flow operating system
to load a module havmg the 1dent1f1er ID from the AVI program compo-
nent packet service. As described ‘above, API calls are basically
subroutine calls to operating system functions. The program execution



-8 - The different software conponents of the decoder software comrunicate
wi th other asynchronously by sending nessages to each other. Each program
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15 322. The header packet DMA controller 34 is then enabled to load
header packets into the RAM 412, when they occur in the packet
stream. '

If the request is for the directory module, its length is not known

20 a priori. In this case a relatively iarge memory allocation is requested.
If this allocation turns out to be too small, the request is repeated, after
requesting a larger memory allocation, until either the directory module
is loaded, or it is determined that there is insufficient memory to load it,
in which. case the attempt to run the AVI program is abandoned.

25

The FOS then immediately returns to the calling application

program. The application program is then able to perform other
processing, for example issuing requests for other modules, other
intializations, etc. When access to the requested module is required, the

30 application program, in block 304, may issue an API call to a wait
function in the kernel. This function suspends the execution of the
application program until a message indicating the successful loading of
the requested module is received by that application program. When
such a message is received, the application program is reactivated to

35 process that message. Alternatively, the application program may -
remaln actlve, e. g in_ order to respond more quickly to user mputs, and
loading of the requested module, and process the message when it is
received.



of the data conponent packet service for the directory nodule in a 30
mapner described in nore detail below. Wen the directory nodule is found,
it is |oaded into RAM 412, and checkegiot.o see if all of the required
resources to execute that programare available. |If so, then the system
| oader initiates a scan of the AVI data conponent for the first nodul e,
termed an autostart nodule, which will initiate the AVI 35 program Wen
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conmer ci kquest lene 3222 ds examinednite detesmine nifs there is apandisgt he

appl i Catll»dq%egf Ofrathisl mbdglecvent manager using the APl. In response to
this message, the application programdeallocates all its resources, and

mai ntains only a mnimal presence in the processing el enent 40. For
exanpl e, the If there is a pending request for that module, then, in block 336,

15 the data packet DMA controller 32 in the program component detector
- 30 is initialized with: the module buffer 328 starting address START

and ending address END from the request queue 322; a write address
which is the sum of the module buffer 328 starting address START and
the transmission unit data offset OFFSET (i.e. START + OFFSET); and a

20 last write address which is START + OFFSET + SIZE (or alternatively, a
load count which is the size SIZE from the header packet buffer 324 in
place of the last write address). The data packet DMA controller 32 is
then enabled.

25 In block 338, if this is the first header packet received after the
load request was made, a pointer to the first write address, FIRST, _
stored in the request queue 322, is initialized to the write address of .
this first transmission unit (i.e. FIRST = START + OFFSET). In addition, a
pointer to the expe_cted next write address, NEXT, also stored in the

30 request queue 322, is also initialized to the write address of the first
transmission unit (i.e. NEXT = START + OFFSET). Other processing is then
performed in block 338, which will be described in more detail below.
For example, a special pointer to the location in the request queue 322
of the request currently being processed, CURR REQ, is stored in a

35 predetermined location (not shown) in RAM 412. Then, in block 339,
_the interrupt handler returns (339)

The data packet DMA controller': 32 initializes a write pointer (WP)
to the previously received write address (START + OFFSET) and loads



15 nenory used to store all code and data nodul es may be freed, and only
the execution state of the application kept in RAM 412. \Wen the

m hi m zation of the application progjﬁglhas conpl eted, a nessage is-sent to
t he system | oader. 20 The system | oader then all ocates the resources
. necessary to execute the AVI programrepresented t he new director
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just finished loading. The expected next write address pointer, NEXT, in
the current request is incremented by the value SIZE from the header
15 packet buffer 324, and now points to the write address expected for the
next transmission unit. If the new value of the expected next write
address pointer, NEXT, is equal to the ending address, END, of the
module buffer 328, it is reset to the starting address, START, of the

module buffer 328, in wrap-around fashion.

20
In block 344 it is determined whether the entire requested

module has been loaded into memory. The value of the expected next
write address pointer, NEXT, is compared to the value of the first loaded
address, START. If they are the same, then the entire module has been

25 loaded. In block 346, a message is sent, via the event manager, to the
requesting application program to indicate that the requesting module
has been completely retrieved, illustrated as a dashed line in FIGURE 3.
In addition, the request is removed from the request queue 322. If the
value of the expected next write address NEXT is not the same as the

30 first loaded address, START, the data complete interrupt handler
returns (349), and the next transmission unit containing data for the
requested module will be processed by the header packet interrupt
handler, as described above. In either event, the current request
pointer (CURR REQ) is cleared.

35 :
_ If some portion of a transmission unit is not properly received by -
the program component detector 30, then a subsequent header packet
will be received before the data complete interrupt signal from the
preceding header packet has been generated by the DMA circuitry in



32 and header packet DVA controller 34 are coupled to the system bus 416 of
the processing unit 40. The stream|/o adapter 408 is coupled between the
system bus 416 and respective controll4naput termnals of 5 the data DVA
controller 32 and the header packet DVA controller 34. In operation, stream
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transfer of the previous transmission unit did not complete successfully.
In this case, both the first write address, FIRST, and the expected next
write address, NEXT, are updated to the current write address (START +

20 OFFSET). That is, previously loaded transmission units are essentially
discarded, and loading of the module is restarted with the current
transmission unit. This form of recovering from a data missing type of
error may take more time, because a transmission unit which was
previously loaded successfully may result in an error when reloaded.

25 However, by using this form of recovery, the tasks performed by the
header packet interrupt handler and data complete interrupt handler
are minimized, and only two pointers are needed in memory.

As a part of the module complete message handling, the event
30 handler performs an error checking on the received module. For
example, a cyclic redundancy check (CRC) code is transmitted as an
embedded part of the module. The event handler calculates a CRC over
the received module in the module buffer 328 in the RAM 412, and
compares it to the embedded CRC. If the newly calculated CRC equals
35 the embedded CRC, then the module was correctly received, otherwise
an error occurred, and, the module is reloaded, as described above.

When the requested module has been completely loaded into
memory further processing by the application module may continue,



RAM 412. Sim | ar procedures are followed for other nodul e processing, as

wi |l be described below. In FIGJRE 3, actions taken in an application
program (or the system | oader) are iI* strated in the left hand col um 35
under the heading "APPLN PROG ". In btock 302, the application program

using the APl, makes a request to the flow operating systemto |oad a
nmodul e HHustrgtadhdni BEGURE &3 byDinfesemechas v line dgomnthe hpstomeof thecket

service-APE GHIPGb' Bt P \incith 364! S HUWed! £ Jepiratd MfaBk! {1 3hea! | s O

operating system functlons. rogram exeéuti o , thus,
t ransf eramﬁlqa&qm@rpgmmommbwcglygg INFLESPONSEt 1 ibet BeesiPhyok KBe Fos

are illupessuged from hBabeappliGdtion program's | Slessagidpiedele headi ng "FOCS. "
Becagse t he request involves the |oading of a nodule, in block 312 the FOS

requests a nmenory allocation fromthe nenory 5 manager of sufficient size
to contain tHEhemahdwe mentienedpAP] includes fagotiensdforodotessingatheode or

ot oAE, P AR hySLBNGE SRR Y el 8 R

case a MYSMY leadeger An applicatian npergrammemn rwilbuusee the speblished GARE 4)

ook Ak rasdunte, BTKR! ol a0 sockRs ared s

heRoddPRCiORe. (4 HEgh BFORR«dh TRERRRIST TEIAES toq i, dHretotsy s Madplest  act

and | oadA dirsedfunetion) DIRENBWO date dequest eforsa atew rdirexidryessASTART, and

(QUELD) FaEAD34 Shovre iy despahl d0 ils BRI Blrckjors bl ohtfd #'S%, o 1 oad

header poemery isnmade;etlenMiasrequesteis enqueued Uori thet headingkof the awxt

directory module in the data stream, then the API function returns.
15 When the directory has been loaded, a message is sent to the requesting
program. Another function, DIR_FREE, frees the membry space taken by

the current directory. The function DIR_SELECT indicated which

directory module will be used in subsequent API calls. The function

DIR_CURRENT returns a handle to the currently selected directory. -

20 '

The functions DIR_SPY and DIR_STOP_SPY are similar to the
DIR_NEW function. In response to a DIR_SPY API call, a request is
enqueued in the request queue for a directory module, but instead of
loading a directory module and sending a message when it is loaded,

25 this function sends a- message whenever a directory module is detected
in the data flow (the directory module is not loaded). In addition, the
request remains in the request queue until a DIR_STOP_SPY API call is
made. When a DIR_STOP_SPY API call is made, the request queue is
searched for the directory spy request, and that entry is removed.

30 These functions are useful in spying any change from the current
directory in the data stream. Finally there are API calls to extract
information about the current directory: DIR_IDENTIFIER, DIR_RE-
QUIREMENT and DIR_NB_MODULES.

35 Because of the embedded CRC code in the module, any memory
" allocation request for loading 4 module must take this code into account.
~ Three API calls are providéf to handle this. The function
- MODULE_ALLOC takes a module identifier as an argument and requests
an allocation of the proper amount of memory to load that module,



If the request is for the directory nodule, its length is not known 20 a
priori.. Inthis case arelatively large nenory allocation is requested. |If
this allocation turns out to be too sygl.l, the request is repeated, after
requesting a |arger nenory allocation, until either the directory nodule is
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TEMOTY Miesctibed a%ove, create a new process, and begin execution at the entry
~ point of the module. This function is used. by the system loader to

15 initiate AVI program execution. The function MODULE_CHAIN is used to
load a subsequent executable module, end execution of the current
module, and begin execution of the newly loaded module at its entry

point. No new process is created in this case. The function
MODULE_LOAD is used to load a module, but not start execution. As

20 described above, a message is sent to the requesting program when the
module loading has completed. The function MODULE_EXEC is used to
create a new process and begin execution of a module, which was
previously loaded by the MODULE_LOAD API call, at its entry point.

25 The function MODULE_LINK executes a new module using the
current process, resources and variables. It allows for subroutine-like
calls from within a module by providing a dynamic link to the new
module. This. permits AVI programs to be divided into smaller modules
which may be dynamically linked only when necessary. The

30 MODULE_LINK function maintains relocation and jump tables. The

' functions MODULE_SPY and MODULE_STOP_SPY operate similarly to the
DIRECTORY_SPY and DIRECTORY_STOP_SPY but with respect to
identified modules. The MODULE_SPY API call inserts an entry in the
request queue including the identifier of the module. Whenever a

35 header module with the same identifier is detected in the data stream, a
message is sent to the requestmg program. This continues until a MOD-

- ULE_STOP_SPY API call is made. In response to the MODULE_STOP_SPY
API call, the entry containing the spying request for the identified
module is removed from the request queue. The MODULE_STOP_LOAD



5 i ssues a header packet interrupt to the CPU 410. A portion of the
" processing perforned by the header interrupt handler in the kernel is
illustrated in the colum headed "HEADER INTR' in FIGURE 3. In block 332,
the identifier of the module which is being carried in the transm ssi on
unit for which this is the header packet, is retrieved from 10 nown
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initialized for various data structures. These initialization functions are

well known, and depend upon other software components in the
decoder. A system programmer will understand what hardware and
software initializations are required, what data structures are required,

20 and how to perform the initializations. Thus, this block will not be
described in detail below.

In block 54 a DIR_NEW API call, described above, is made. This
API call. loads the next directory module appearing in the AVI program

25 component packet service into an allocated buffer in the RAM 412. This
API call returns to the system loader immediately, even though the
directory may not be loaded into the RAM 412 until a later time. The
system loader performs other functions and then, if necessary, a wait
API call (not shown) until a message is received, via the event manager,

30 indicating that the directory module has been loaded. In block 56, the
resources available in the decoder (of FIGURE 1) are compared to the
data indicating the required resources, in the directory module. If the
decoder has sufficient. resources to execute the AVI program, a
MODULE_RUN API call is made to load the autostart code module,

35 identified in the previously loaded directory module, as described
above. Agam the API call returns immediately, but the code module
may not be completely loaded from the data stream until some later
time. After the autostart code module is completely loaded, another



35 predeterm ned | ocation (not shown) in RAM 412. Then, in block 339, the
interrupt handler returns (339) The data packet DVA controller 32
initializes a wite pointer (W) to t-H8Bpreviously received.wite address

(START + OFFSET) and loads = -13 - data fromthe foll ow ng data packets in
the AV el n o} o] n n the
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request e@e directory has been loaded into the RAM 412, and the autostart code
module requested from the AVI component packet service, the AVI
program, under the control of the system loader, enters the INACTIVE
15 state 61. In the INACTIVE state 61, all the resources to start the
application have been allocated and the application may be partially or
completely loaded, but there is no interaction with the viewer. For
example, while the autostart module is being loaded, the AVI program
remains in the INACTIVE state 61. In addition, even after the autostart
20 module has been loaded, the viewer may merely be changing channels
through the channel carrying the AVI program and have no intention of
interacting with the AVI program. Or the viewer may just wish to
observe the AVI program before making a decision to join the
interaction. In all these cases it is important that the remote control
25 acts in a normal channel changing mode and not in an interactive mode.
This is the purpose of the INACTIVE state 61. In order to notify the
viewer that the channel being watched is broadcasting an interactive
program, a special interactive program logo or icon is overlaid upon the
AVI video. '
30
In order for a viewer to actually begin to interact with the AVI
program, a special key, called "ACTIVATE KEY" below, is provided on-
the remote control. When the interactive program logo or icon is
displayed, the viewer may press the ACTIVATE KEY. The system loader,
35 in response to the ACTIVATE KEY press, sends an ACTIVATE message to
the AVI program which, then, enters the ACTIVE state 63. In the
. ACTIVE state 63, the interpreter actually :begins to execute the
previously loaded AVI program “at its: erﬁi’y point. When the autostart
module of the AVI program begins execution, it allocates and initializes



nodul e has been | oaded into nenory. The val ue of the expected next wite
address- pointer, NEXT, is conpared to the value of the first | oaded
address, START. |f they are the sane,jghben the entire nodul e has been 25
| oaded. In block 346, a nessage is sent, via the event manager, to the
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| oaded address, the data conplete interrupt handler returns (349),
and the next transm SSI on unit containing data for-the requested nodul e
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data coffifissagetox dhe Lmseq\um Avéﬁ%f@mpwzmb then, dlmres ythehIPeC'EIVEat i on
and proyiade 63y ahdneBrufis $CeAINAICPIVE state 61. Again, the special

interactive program logo or icon is displayed, indicating that the AVI
program is loaded but not executing. The viewer may, then, change

15 channels or perform other normal remote control functions, or may
reactivate the AVI program by pressing the ACTIVATE KEY again. The
ACTIVATE KEY, thus, acts as a toggle to switch between the ACTIVE
state 63 and the INACTIVE state 61 when it is pressed. The ACTIVATE
and DEACTIVATE messages may also be thought of as ACTIVATE

20 TOGGLE messages, whose meaning (ACTIVATE or DEACTIVATE) depends
upon the state of the AVI program (INACTIVE or ACTIVE, respectively)
when the ACTIVATE KEY is pressed.

While the AVI program is executing in the ACTIVE state 63, there

25 are times when it is desired to suspend its execution. For example,
"when a non-interactive commercial is to be transmitted, the transmitted
audio and video will no longer match the sound and graphics being
generated by the decoder 10 (of FIGURE 1), and it is desired to allow the
viewer to use the remote control in its normal manner. The application

30 programmer, however, cannot know in advance when such suspensions
will be required. = Thus, in this case, the broadcaster, independent of the
AVI program, may repetitively include special signal packets (as
described above), called suspend signal packets, in the AVI program
component packet service.. Each such packet contains data directing

35 that the currently executing AVI program is to suspend execution.

The system loader, via a FLOW_MESSAGE API call, receives a
message whenever such packets are: recogmzed in the AVI program
- component packet service. For example, when a suspend signal packet



In the header packet interrupt handl er, such processing is per- formed in
bl ock 338 (of FIGURE 3), after the data packet DVA controller 10 is

enabl ed to receive the next transm s_?gr_l unit. For each header packet
recei ved, the expected next wite address, NEXT, in the current request
queue entry, previously updated by the data conplete interrupt handler, is
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cyclic redundancy check (CRC) code is transmtted as an enbedded part of
the nodul e. TWheadhe iatearuption| (€ug.aMon-LEFACHY e COMMET VEdO¥EBul e in

the moduyhe Brbdddasterd s&%@ﬁc%élﬁle audpendsigaal ipackets Ha ededdd CRC.

If the new y cal cul at ed equal S .35 - the enbedde , then the nodul e
was 1€or r gy @@mmntopﬁ%k% SErVCCer (1€ cﬁyéfﬁ‘?ego,ag;%d AT Aodule i s
r el oadedpredetetasinedbperivibwef. time without receiving a suspend signal
message, sends a CONTINUE message to the AVI program, which, in
turn, resumes execution from where it was previously suspended,

entering the ACTIVE state 63, described above.

20 : :
An alternative embodiment of the SUSPEND/CONTINUE signalling

arrangement, described above, is for the broadcaster to include a single

suspend signal packet in the AVI program component packet service

when it is desired to suspend execution of the AVI program. The

25 broadcaster, then, includes another special signal packet, called a
continue signal packet, in the AVI program component packet service
when it is desired to resume execution of the AVI program. This packet
contains data directing the currently suspended AVI program to resume
execution. The system loader recognizes the continue signal packet, and

30 sends a CONTINUE message to the AVI program, which resumes
execution and enters the ACTIVE state 63, as described above.

It is also possible for a viewer to stop the execution of a
suspended AVI program. When the program suspended logo or icon is
35 displayed, the viewer may press the ACTIVATE KEY. The system
loader, responsive to this key press, sends a DEACTIVATE message to
the suspended AVI program, which in turn, enters the INACTIVE state
61, described above. From the INACTIVE state 61, the program may
only resume execution when the viewer presses the ACTIVATE KEY,



When the requested nodul e has been conpletely |oaded into nmenory further
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execution signal packet, in the AVI program component packet service.
The system loader receives an end execution message when an end

15 execution signal packet is recognized in the AVI program component
packet service, via the FLOW_MESSAGE API call. In response to the end
execution message, the system loader sends an EXIT message to the AVI
program. Regardless of what state the AVI program is in, INACTIVE 61,
ACTIVE 63 or SUSPENDED 65, the AVI program responds to the EXIT

20 message by deallocating all its resources, and removing all record of
itself from the decoder 10 (of FIGURE 1). The program is deemed to
have entered the HALTED state 69, and disappears from the decoder 10.
In some cases, the program itself can recognize that its execution has
reached an end, either via a user command, or by its own execution.

25 When the AVI program recognizes that its execution has ended, it
performs the same processing that it would have performed had an
EXIT message been received, and it enters the HALTED state 69 on its
own accord. |

30 When an AVI program is in the SUSPENDED state, it is possible
that a different interactive AVI program .will be received on the AVI
program component data flow. For example, if the AVI program was
suspended for a commercial, that commercial may itself be an inter-
active program, or the user may have changed channels to a channel

35 broadcasting a different AVI program. In both these cases, the new
AVI program will include a directory module, which is different from
that for the suspended AVI program.



| oading a directory nodul e and sending a nessage when it is |oaded, 25
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MODULE_S&6sa87 18P elqulest Tor I Surflitty Ceddbuting pidktdin to minimize
[itself, i.e. is a MINIMIZE message. In response to the MINIMIZE
message, the currently suspended AVI program first stores its current

15 execution state and environment in a small block of the RAM 412
containing the identification of the AVI application, and a time duration,
which will be described below. Then the suspended AVI program
begins to deallocate is resources. A minimized AVI program does not
include any code, and, thus, cannot change states in response to

20 messages, or restart itself.

The system loader then loads the newly detected directory and
autostart module and ‘places the new AVI program in the INACTIVE
state 61 .displaying the interactive program logo or icon, as described

25 above. The viewer can then start and stop interaction with this new
AVI program by pressing the ACTIVATE KEY, and the program may,
itself be suspended and continued.

The minimizing process is a recursive process. For example, this

30 new AVI program, if suspended, may also be minimized if yet another
AVI program is detected in the AVI program component packet service.
In this case, another block of memory is allocated, and the execution
state and environment.of this AVI program, along with its identifier
and a time duration, is stored in this memory block. Then the newly

35 detected AVI program is loaded, as described above. The number of
programs which may simultaneously be minimized is limited only by
the amount of memory required to store all the memory blocks
containing the executions st'atesg and’ environments of the minimized
programs. |



determ ne whether a nodul e may be | oaded and/or executed. The function
MODULE .RUN is used to | oad an executabl e nodul e, as descri bed above, create
a new process, and begin execution atgghe entry point of tie nmodule. This
function is used by the systemloader to 15 initiate AVI program
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t he sarre ent| r.1s detected in the data stream a nessage is sent to
t he rqué%,lilYﬁgSB gieRt, MRMOTY. o$R4Skes until a MOD- ULE STOP_SPY APl cal |
is made. In response to the MODULE _STOPSPY APl cal'l, the entry containing
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que& Tshtgtes and “environments of previously minimized AVI programs remain
“allocated in memory. As described above, there is a time duration in
each such memory block. If the time duration in any block is exceeded,
then that previously minimized AVI program times out. In this case,

20 that program is considered to have entered the HALTED state 69, and its

block of memory coxitaining the execution state and environment is
“deallocated, and all record of that previously minimized AVI program is
lost.

25 | However, it is possible for the decoder 10 to again receive an AVI
program component containing the directory, code and data modules of
a previously minimized "AVI program, or for that AVI program to
'regain the flow.! For example, the interactive commercial may have
terminated, entering the HALTED state 69, or the viewer may have

30 changed the channel back to this channel. The system loader begins to
load the 'new' directory in the AVI program component packet service.
Whenever a new directory is loaded, the application identifier is
compared to the identifiers in all blocks containing execution state and
environments currently stored in the RAM 412. If a matching block is

35 found, then the code and data modules are loaded, and the AVI
program placed in the INACTIVE state 61, but its execution state is

. updated to that just before it was minimized. When the viewer presses

the ACTIVATE KEY; the AVI program enters the ACTIVE state 63, and
begins execution where it previously . left off. In this manner, an AVI



-17 - function stops any nodul e | oadi ng request currently in process and
renoves the | oading request entry fromthe request queue. The functions
FLOW MESSAGE and FLOANSTOPMESSAGE respeglively generate andgrenove a request
for a nessage when a special signalling 5 packet, relating to the data
stream occurs, such as a suspended data flow or the en t he data fl ow.
When sudifOSFAIR, B3y o@%uwpoa‘pal'iﬁgséwl?eg denfug &Q?@eremtnrﬁgrmga% As
descri ballenboesumeds withoan tegadring Bafﬁ‘io{]em chslofofﬂ rﬁhdtha|1irlégfdrﬁ_§ and
nmoni t or g4t a; st SuYJ t he execution of the application
progr am%f)s?:érr?qgélngﬁr%’%?‘g%r#y\?ws? utlwgleg’gggf'ved audi o and vi deo conponents.
FIGURE 5 is a flow diagramillustrating the initialization function of the
system | oader. In block 52 of FIGURE 5, various hardware and software
conponents of the decoder (of 17) are 15 initialized. In addition,

| ocations in the RAM 412 are allocated and initialized for various data
structures. These initialization functions are well known, and depend upon
ot her software conponents in the decoder. A system programrer w ||

under stand what hardware and software initializations are required, what
data structures are required, 20 and howto performthe initializations.
Thus, this block will not be described in detail below. In block 54 a

DI R_NEW API call, described above, is made. This APl call. | oads the next
di rectory nodul e appearing in the AVI program 25 conponent packet service
into an allocated buffer in the RAM 412. This APl call returns to the
system | oader i medi ately, even though the




-directory may not be |loaded into the RAM 412 until a later tinme. The system
| oader. perforns thhﬁieetfﬂmséeh acehd -Digen, if necessary, a wait API cal
ecei ved, via the eventr:rmﬁa er ;. q},%EEN

(not shown) untll

i ndi cating that t dul e has been | oaded. ]n”ﬂPo%k 56
resour c €L AIMS! a e decoder (of FIGURE 1) are cé EATA
I ndi cating the reqU|red resources, in the directory no €. |If the decoder

has sufficient resources to execute the AVI yprogram a MODULE_RUN API cal |
is made to | dad Ihanaaudist yideq dantcrastivee(AYd) segeinearf reepiving ke previ ously

| oaded hél@é?tt @Er)éai’fpcmbﬁldlﬁgogeaf{eb&ﬁ‘}" 3nd' an '9!9‘6‘[” %Hrrﬁ?g%ﬁﬁ | returns

i rmedi a qu but the. co not be co romthe data

stream &Rt °§Eﬂ4§dl é@%"r 1¢Thdn mec gﬁﬁ"ﬁ@"bulﬂoﬂ"é E GRIUIPRINE compl etel y
| oaded, tieneixeeation oit the- AV lprog rmeabﬂq:rising ihbowmﬁsamfer using the

rrultltaskl ng or ecuting the AV t he rpreter.
bl ock 58, L@@g eﬂﬁ &ggrpl‘&g@? 1ptp ﬁoﬁ??@?&ﬁ@ ﬂ?ffp?ﬂsc?grtgrrfl? corrponent
for exepmsﬂnﬂesﬂbdhbsA\éhwrdgrmt in ythehpagket streamgontrol s t he execution of

the AVI prog ing € a e g4 descri bed bel ow.
FIGURE 6 is g, La,ré t%ﬁ?d%r%%#?l ﬁ‘m a‘{}lbg eﬁrr%nl toring function

of the systefiNHB gxecysiag AVA Hﬁlﬂ'lagiaWBPﬁgat diregteryat i on of the

syst em ideadifving fa alifferefit ) VIi prdgranteisedefstted an th¥! packey am conpornent
packet sgervice, then the programthat the viewer has selected is an

i nt er act$ \9@“#)7 ogram Once the directory has been | oaded into the RAM 412,
and the autostart code nodul e requested fromthe AVI conponent packet

service, the;AVirhe method of claim 1, wherein the step of minimizing
the executing AVI program comprises the steps of:
halting execution of the AVI program;
storing the identifier of the AVI program and the execution
state and environment of the AVI program in a block of the
memory; and
unloading the AVI program from the memory.

3. The method of claim 2, wherein the step of loading the
AVI program comprises the steps of:

searching previously stored blocks of memory for a block
containing an identifier matching that of the AVI program; and

if there is a matching memory block, setting the execution
state and environment of the loaded AVI program to that of the
matching block of memory.

4.  The method of claim 1, wherein the packet stream
further includes execution signals, and further comprising the step
of halting execution, and unloading the AVI program from the
memory - in response to an end execution signal in the packet
stream.

* [ L L] S *



program under the control of the system | oader, enters the INACTI VE
state 61. In the INACTIVE state 61, all the resources to s EN
HAS BE
application have been allocated and tpg-application may Tb\b?r% AX‘;EW
conpletely | oaded, but there is no interaction with the
program

exanpl e, whil% tﬂ'(he'am\?lhbdrbf rﬂéiﬁheli S&al’é&bﬂﬂ th@aﬁ&ﬂﬁet}sftfb 20
remai ns te addi.ti.on, even after the autostart
nmodul e hggthr?g Hk“l{YA%é gx%{gn% ewaﬂ%yaﬂgrg’?hﬁ’é CHARYSHEE M&nnel s t hrough
t he chasteps eftrying the AVI program and have no intention of interacting

n Lhe AV sHsade Shobliol SECRAVI oathal i YIRS GoL i A

program bef or eciston to join t hese
cases | SUSRen Q(‘dﬁloﬂ Hdgnahdnr ¢het packsit stscams andts in a normal channel

changi ng node¢oatihuif eﬂe@“wﬂtgfa&t I\é@lm tAvggpur pose of the
| NACTI VE g not.l f) ?e\ﬁg#t aetat e channel being

0
wat chedpféé%'ﬁaﬂbafﬁpﬂﬁsear{ol At &Pﬁeppéee’ﬁﬁ%%ﬂ&n pitithe packetactive
progr amstxegmor icon is overlaid upon the AVI video. 30 In order for a
viewer to actually begin to int eract with the AVI program a special key,
cal | ed "ACTI VATE KEY" bel ow, rovided on the renpte control. Wen the
interactive @rograhe dgethed |0£o aim §, siurtherdcomprising\the step pfess t he

ACTI VATRalflg dXecutici eahuoaﬂnsadlﬁgl Hib 1492 mﬂmlfaﬁn tﬂﬁm“?i{éVATE KEY pr ess,

sends an ACII VATE nessage.to ro enters the ACTIVE
state 6TCMQTY HB EPSHGRS sf%t%“(s@ eﬁ‘é"cllﬁ rﬁlrgétaér“héh%laﬂ’ac}(%egl ns to
execut estdeamr evi ously | oaded AVI programat its entry point. Wen the
autostart nodul e of the AVl program begi ns execution, it allocates and
initializes : '

In an audio video interactive (AVI) receiver receiving a

packet stream including an AVI program and execution signals, a
method for controlling the execution of the AVI program
comprising the steps of:

loading the AVI program into a memory in response to the
presence of the AVI program in the packet stream;

beginning execution of the loaded AVI program; and

halting execution, and unloading the AVI program from the

memory in response to an end execution signal in the packet
stream.

8. The method of claim 7, wherein the end execution
signal in the packet stream is represented by an end execution
signal packet.

9. The method of claim 7, further including the steps of:

suspending execution of the AVI program in response to a
suspend execution signal in the packet stream; and

continuing execution of a previously suspended AVI

program in response to a continue execution signal in the packet
stream. '
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-19- its own data structures in the RAM 412, | oads ¢
nodul es and controls all user actions fromthe reno
control panel. 5 Because the Avi- program cont{f o S

interaction, it can prevent the user from changing channels or performng
ot her normal FENOUEhe anetldd fofmeldian® whersiniethd Gusperd t executiomal renote

control fun t| on the Vi e nust fi h ogram The
Vi ewer rﬂ k\?AT\égm 1§g§;¥{ég?r§tte§eg§/t ?Sgg{éﬁtg Ee prl(B) r?‘fam In 10

r espons exboutlbns sigqal ppecketst Hurings aesuspentk rtimen detezv aAamd message to
the exe agy gy th@ 269 nlgPepETTiVE Sagdénds3, and
returnseﬁh&{}ﬂ]ep\\éﬁ&gﬁlfi\@ @%m Z‘? ekggﬁfbr? the?sgem nteracﬂsve program

| ogo or EXE€EHtioa éi&lpﬂ aypgketsadi cating that the AVl programis | oaded but

not executing. ‘The viewer nmay, then, change 15 channel s or perform ot her
normal renote contgol functjons,,ar eactl ate the am by
pressing the N bﬁ!ﬁ‘k&&%éﬁ?lﬁ GY SuSpeRd {)(‘Squgla t oggl e
to swi t gigredt ieethet [packel | stfeahaise reﬁresledtdcheby mcmspéndt execwtiomhen it is
pressed I, T JRARA0 %% t of as
ACTI VATélégﬂ ?Mé aﬁedzqgaes \A*%é\e&rream ng%?g\@/\/% 5 &6&%&3 ATE)
depends augontinwe cxgcution sign \/Paq:k%gram (1 NACTI VE or ACTI VE,

respectively) when the ACTIVATE KEY is pressed. Wile the AVI programis
executing in the ACTIVE state 63, there 25 are tines when it is desired to
suspend its execution. For exanple, when a non-interactive comercial is to
be transmtted, the transmtted audio and video will no |longer match the

sound and graphi cs being generated by the decoder 10 (of FIGURE 1), and it
is desired to allow'the

at a

e e T
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viewer to use the renote control in its normal manner. The application 30
programrer, however, cannot know in advance when such suspensions wll be
required. Thus, in this case, the br8adcaster, independent of the AV
program mnmay repetitively include special signal packets (as described
above), called2sudpend auditnlviges kinteractivet (R VAYIreped@rafecedviignent packet

servi ce. E%} .cant ai lrectin 5 ..that. the currently
execut i nB 1 %#g_g[rrg%ﬁl%g}qlggs_%@pegﬁvdﬁ @{@@8#10%?"%%%&3%@&?%%&%‘5 r, via a
FLOW MESRRdEinginding |an exgeutien eomwoHercfoxheontrolling cthep zxiccutioar
recogni zefl the AN HrbgRirA I TétABR Ofs CoRfroliPhg Stﬁévbﬁé?uﬁ:gﬂ &afp! & when a
suspend é: al__packet :20- IS recei \é/)g.g, the” system | oader receives a
suspend 'ﬁ&rogﬂgaﬁgmﬂim?giwq SRt o the first suspend signal
message, sendin ah8Uekedionseogeoller:t he AVl program which, in turn,
suspends execution, entegrd t D state 65. -1 n the SUSPENDED state
65, execution 5 of the %ﬁggo%a%ﬁ%gfﬁsm}ﬂ 4 M&MCEY (Mt it may be
started again fronfespengeite the cpresencereof thes kNldeprogiam ins thel | t he
resources necessarya Ebtei‘zfti‘é’éxﬁ-the AVl programrenain allocated, and the
execution state of  the AVl projgramis stored in a location in the RAM 412.
In addition, a second |3¥JMliBg ar@ctivatei toggle gnepsagea tor the AVIy 10

executing i nteractprogranpdnafespdnse Se i er Haput;eady to resume when
allowed, is overlaid over the current video i mage.é&ﬁn the interruption
(e.g. non-interactive c%‘?ﬂﬁié%i%‘r)e"il Pesaee: R Weo RIGLTAMNG M i el udi ng
t he suspend si gnalrespoRkse soi ant erd Askeciffionprsignal i abieo packepacket servi ce.
The system | oader ,sﬁlgaﬂ{; a :

sending a suspend message to the AVI program
in response to a suspend execution signal in the packet
stream; and
sending a continue message to the AVI program
in response to a continue execution signal in the
packet stream; and
in the AVI program:
executing in one of:
an inactive state, in which the AVI
program is inactive; '
an active state, in which the AVI
program is executing; and
' a suspended state, in which execution
of the AVI program is suspended;
entering_'the inactive state, in response to the
loading of the AVI program into the memory;
halting execution, and unloading the AVI
program from the memory in response to the exit
message;
when in- the inactive state, entering the active -
state in response to an activate toggle message;
when in the active state:

* [ L L] S *



predeterm ned period of time without receiving a suspend signal nessage,
sends a CONTI NUE nessage to the AVl program which, in turn, resunes
execution fromwhere it was previ ouskg9suspended, enter| ng the ACTIVE state
63, described above. 20 An alternative enbodi nent of the SUSPEND/ CONTI NUE

signal I'ing arrangenent, describede the imwictive dftacmdaaster to include
a single suspend signal packet in the }{ BL ﬁg m, Comp( onent packet service
when it is desired to suspen’iﬂ"sBQEﬁ%tﬁ §r 4EHed |°§$ gr'gﬁf e 25

broadcaster, then, includes amdt her special signal packet,-called a

continue si gnal packet in the Aént%&ﬁ%aﬂﬁec‘%ﬁ'@gé‘ﬁ%pﬁﬁlf@t iservice when it

is desired to resune execution of t rogr i S pac et contains
data directing the current| f®SROBEH Y %\?I“SBF’B dr BIRSEa8%eABge execution. The

system | oader recogni zeghkheirs Othe sue anga@l sﬁmg-ket and 30 sends a
CONTI NUE nessage to the AVI progr ecut lon_and enters the

ACTI VE state.63, as described abo?}@enlntg CtBeapg VB0§ W ISPAMT ever to
stop the execution of a suspmndedomihupr mpssage;\Waad the pr ogr am suspended

logo or icon is 35 displayed, rﬁ}(t‘éi’ﬁt‘g thgai'naﬁzrtﬁ% &%%Aéﬁﬂ VATE KEY. The
a

system | oader, responsive to thi sends | VATE nessage to
t he susﬁ&ﬁﬂ@@s%\m Bhogetinatentoggle ,mgiﬁage enters the |1 NACTI VE state 61,
descri bed above. Fromthe INACTIVE state 61, the program may only resune
execution wh t he ewermp@fl‘esim‘%:l t he ?CTI VATE KEY, -21- causing the
system | oade v se Whereine Avi

the suspend execution signal in the packet stream is

represented by repetitive suspend execution signal packets during
a suspend time interval, and the continue execution signal is
represented by no repetitive suspend execution signal packets;
and

the step of sending a suspend message in the execution
controller comprises the step of sending the suspend message in
response to a first suspend execution signal packet; and

the step of sending a continue message in the execution
controller comprises the step of sending a continue message after
a predetermined time period in which no suspend execution signal
packets are received. '

14. The method of claim 12, wherein:

the suspend execution signal in the packet stream is
represented by a suspend execution signal packet and the
continue execution signal is represented by a continue execution
signal packet; and

the step of sending a suspend message in the execution
controller comprises the step of sending the suspend message in
response to a suspend execution signal packet; and.

the step of sending a continue message in the execution
controller comprises the step of sending a continue message in
response to a continue execution signal packet.

* c L N S *



Is stibl receiving suspend signal packets, another SUSPEND nessage is

I mredi ately sent to the AVI program-gt-ch, again, enters 5 the SUS

state 65. The I NACTI VE state 61, ACTIVE state 63 and SUSPENDED state 65 are
the states abfng Wi ah abdioAWideo oiyrteractive $AVVDhréceiversponse to nmessages

whi ch S%ée*%ﬁ?g@e?%?jﬁ@éﬁﬁe%Eoﬁfe%tP@%ﬁ%&"f pifkE 3EalniubgEl 15" A0 v
pr ogr ancertmol cxfcla asenndach packetxstreamoincledingeaanél programoadcast er nmay
i ncl Udeh@ﬂﬂﬁ%‘h S4e ﬁhﬁ'ers'agl'&a'ex@éﬁﬁ% s@?a‘l@dtﬁé‘ &E&@Eeﬁ'}@lha i gnal

packet pr ogr’am conponent servi,ce e system | oader

recei vedd a‘??“‘é’r\’dl@k é'(ﬂ!‘ttIQHFfmggé (ﬁﬁé‘%@ﬁgaﬂ“é fkeeytiopyxef (Lo ¥l gnal packet

I's reg/tépm @fh,i A wehédy! farr @6hﬁ@lﬁﬁgpﬂi%eeke@@ﬁ&$ﬁtofsﬁthwﬁ.vl via the
FLOW_ o the end execution nmessage, the system

APl call. In onse
| oader é@rﬁ%ﬂhn FQRpHIS }&%s@&e ?PS[I?J AVI program Regardless of what state
t he AVI progimrthes executiohConEoler: ACTI VE 63 or SUSPENDED 65, the AV

program responds to thg ' S I 2 its resources,
and renoving all recordp@hgtgﬁﬁ fﬁ?i ﬁg&r{g%dg@gdder?%h?gf%h GURE 1). The
programis deenedlespoBseetather presenee Hof the AN pregramHa ghe appears from
the decoder 10. |§'el%@f821 Oecof tHE plublityMof tﬁ%ﬁetcgﬁeaﬁﬁocﬁibﬁagt hat its

exeout i on. 25  vdiF dRenaGet of ghiloaded, AppHCaR, Prowasydotd &n has
ended, it perforneespeetiventogutioresin rnthet memoty, wand dsémehinger f or med had an
£\ 7 Tessa9e beery(ad) Yty ol U s pihoP.Sihfufg, o | % o
possi bl e identifiers of minimized AVI programs and if an
| identifier contained in a block matches the identifier
of the AVI program loaded into the memory, setting
the execution state and environment of the newly
loaded AVI program to an execution state and
environment contained in the matching block;
~ sending an activate toggle message to the AVI
program in response to a user input;
sending an exit message to the AVI program in
response to an end execution signal in the selected one
of the plurality of packet streams;
sending a suspend message to the AVI program
in response to a suspend execution signal in the
selected one of the plurality of packet streams; and
sending a continue message to the AVI program
in response to a continue execution signal in the
selected one of the plurality of  packet streams;
sending a minimize message to the AVI program
in response to the presence of an AVI program in the
data stream having a different identifier than the
identifier in the respective location in the memory;
e and
in the AVI program:
. executing in one of:

) : : I
.program which wll, then, enter the ACTIVE state 63. |If the system| oadj"r

LR



that a different interactive AVI programw || be received on the AVI
program conponent data flow. For exanple, if the AVI program was suspended
for a comrercial, that commercial may3iLtself be an inter- actiVve program
or the user may have changed channels to a channel 35 broadcasting a
different AVI program |n both tamsinactivesstatdieimewhi®l theodrvim wi | |

I ncl ude a directory nodul e, d t fromthat for the suspended
AVI program -22- The syspmr‘ﬁ}?oa erhfl%/cﬁg&{]he DI RSPY APl call, receives a
message whenever a directory is den ot istate hdn Awhigh dbcarh\ébrrponent

packet service. The system |ﬁﬁ§§%hnpquék8éuﬁﬁg currently active directory
to the just detected directory \When th eéy em | oader, recognl zes that a 5

different directory is present in?t}sPg Btg"it%mﬂ%o neXPRIHkeR servi ce,
it begins to load the AVI profyrthen ASr progtam isyshbpéndhd eghg@ry. First, a

nmessage is sent to the currently Q to indicate that
t he program conponent packet servfe&gpﬁemgﬁgg{‘at&s ﬁ?@?&ﬁ%sf‘f%gs’tw§ progr am
or that the program has 'l os®fithe flow ' This rressage is a request for the

currently executing programto mnim ze i tsﬂlh egecﬁﬁoﬁl ZE nessage.
In response to the M N M ZE nessage, mg curren | y susp ended | program
first stores its current 15 executio taipéoﬂﬁtinermeﬂonrrent in a small

bl ock of the RAM 412 containing the identi fgtgﬁh Oﬁh@fldemlfféﬂ gFepl i cati on,
and a tinme duration, which - will be des suspended AVI

ri
program begins to deal l ocate is resourggs%‘a‘gI rﬂrﬁﬁm@eanﬁwt ®rogram does not
_ execution state and

environment of the AVI
program in a block of the
memory; then
unloading the AVI
program from the memory;
entering the inactive state, in response to the
loading of the AVI program into the memory;
halting execution, and unloading the AVI
program from the memory in response to the exit
message;
when in the inactive state, entering the active '
state in response to an activate toggle message;
when in the active state:
entering the inactive state in
response to the activate toggle message;
and
entering the suspended state in
response to a suspend message; and
“when in the suspended state:
entering the active state in response
to a continue message; '
eﬁtering the inactive state in
response to an activate toggle message; and
entering the minimized state in
response ‘to the minimize message.
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include any code, and, thus, cannot change states jmrresponse—t+e—26-—
nessages, or restart itself. The system | oader then |oads the newy
detected directory and autostart nodigs- and places' the new AVI programin
t he I NACTI VE state 61 displaying the interactive programlogo or icon, as
descri bed 25 above. The viewer can then start and stop interaction with

thi's new AVI ogr. b re SI n t he ATE nd th rogram may,
itself be suslg ﬁn%n‘é lmT}]l _’ FWQ% BE setPE recursive
process. thEostepxafrpekmcrtlntin§ 1BOa mﬂmm"dbdpsmtm a:n éhe‘ appdt hmAmVI may al so be
mnimz r s.fetected in e program
corrponeﬁq' B et ugg‘rg%/l cgtém‘ﬁ?qse?hﬁg %%s‘?a gnot her bl ock of nmenpry is

al | ocat ed, arﬁ!mtlna axtime idwsadentia shel bleok: of memosy, dndicaling @ ogr am

al ong Wgetidd Sofi ﬁﬁiB 'ddrﬁi aRHich ihéﬁia‘i'&”s"kbi‘éﬁ"m' ﬁlesb%@l@ ofN théi s menory
oaded, , as descri bed

bl ock. en the n 35 " detgected AV

above. mﬁmﬁ%gﬂﬁo ¢ Hbr%ﬁmﬁ’my 39?’ a@%‘nébﬁsﬂ?‘%e‘mﬁaﬁ‘i% zed is

| i mi t ed has| gxpiredhaearoning the davorstoredunr dee thlosk oof memdrge nenory

bl ocks contai ni ng the executions states and environnents of the mnimzed
prograns. -23- 1f there is not enough avail able nmenory space to | oad the
new di r ect or l lrodul'he anetbodc of cclaim bg gvlmreHHpresent ed by a previously

e re“‘ﬂéysﬁ@*“g exééftiod SipfAF ifl e SERCKd | dHig D O <A °F B
deal | oc § parke fs ?Pénﬁe%rfﬁpfﬁm& a@!of‘?ﬂqﬂ:}W% s#spansbr i ¢ hm

execution signal packets during a suspend time interval, and the
continue execution signal is represented by no repetitive suspend
execution signal packets; and

the step of sending a suspend message in the execution
controller comprises the step of sending the suspend message in
response to a first suspend execution signal packet; and

the step of sending a continue message in the execution
controller comprises the step of sending a continue message after
a predetermined time period in which no suspend execution signal
packets are received. '

18. The method of claim 15, wherein:

the suspend execution signal is represented by a suspend
execution signal packet and the continue execution signal is
represented by a continue execution signal packet; and

‘the step of sending a suspend message in the execution
controller comprises the step of sending the suspend message in
response to a suspend execution signal packet; and

the step of sending a continue message in the execution
controller comprises the step of sending a continue message in
response to a continue execution signal packet.
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(such as deallocating the ol dest nmenory block first, or first deallocating-*
menory, bl ocks marked as expendabl e by the originating application) in an
attenpt to derive sufficient nmenory space. Alternatively, the 10 system

. loader may present a list of mnimzed applications to the viewer, and

al low the viewer to select sone or PP~ for deletion. Blocks representing
sel ected m nim zed applic %ﬁ | ocat to derive sufficient
menory space. 15 %ﬁé@'ﬁb Z o | ocks contai ning the
execution states and enV| ronnments of previ ously m nim zed AVI prograns

remai n all ocated |n ﬁ@%&@}gﬁ OfF tine duration in
each such nenory bl omb i s exceeded, then
that previously mni %}5 m@q_&vﬁ p %s%case 20 that

programis considered to have entered the HALTED state 69, and its bl ock of
menory containing the execution state and environnment is deallocated, and
all record of that previously mnimzed AVI programis |ost. 25

However, it Ins amosdidioevideo tineraetivele(AYd) trecatjesmn rcwermg an AVl program

cowponeﬁacmngeeﬂnnsn&mlﬁgrscaﬁéaaorgoq'ﬂdaaﬂ ey %vﬁa previ ously
m nim zed AVI ramto | ow. ' For
exampl e thﬁl‘g?a@QP leé'ol‘ﬁré gi g}re gemF&lF?ﬂ n‘étg g t he

HALTED comttellfify the ekecutiomesf why Aame raxhaagmbrﬁm qhennel back to
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updated to that just before it was mnimzed. Wien the_viewer presses the
ACTI'VATE KEY, the AVI programenters the ACTIVE state 3n_"§ @_;qg,qp@BEEN |
execution where it previously left off. In this manner ngpLACE
praogram may be tenporarily stopped to run another AV
resumed, without requiring sufficientsusresources for both prograns to remain
I n menory sinultaneously. -25- CLAIMs: 1. In an audio video interactive
(AVI) receiver receiving a packet streamincluding a directory and an AVI
program having an associated identifier in the directory, a nethod for
controlling the execution of the AVI program conprising the steps of:

| oadi ng _t he r nto a menmory in response to the pr eserftd obst he
AVI proar“a-m-d- fjeam b \Y/
program noni t Heg t strepm for an AVI programdiffergat fromthe
executing ifqterrupging and mnimzing the exagoeondsAVvi
program wh¢n said AV

' hdiffeyent from sai ected
in the packet stream and| wherein ni m zing in¢gludes renoving sgedL
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2. The met hod of claim1, wherein the step of |nterrupt|ng and m ni m zing
t Re executing AVI program conprises the steps of: hal ti ng=execution’ O'ZR e
AVl program storing the identifier of the AVI programij i*& bl ock of”‘”
menory; storing the execution state and environnent of;the AV fggra313$4
the tinme of halting execution, in-saPdblock of the menory;~and unl oadi ng
the AVI program fromthe nenory. 3. The nmethod of claim 2, wherein the
step of |oading the AVI program conprises the steps of: Ioading an AVl
programin menory; -searching previously stored bl ocks of menory for a bl ock
containing an identifier matching that of the |oaded AVI program and if
there is a matching nenory bl ock, he _execution state and

envi ronnment of the | oaded AVI pr mtglt he executl-n state and

envi ronnment for the cor ondi n A\n said bl ock of
menory. 4. The nethoﬁg clai after said setting
step, holding | oaded s 2\VI §tate until activation
by user input. - 26- “The ¢i n the packet stream
further includes execution sig sing the steps of:
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suspendi ng execution of the AVI programin response to a suspend exetution
signal.in the packet stream and continuing execution of a previously
suspended AVI programin response to a continue execution Si ;

packet stream 6. The met hod of claim, further coI:zFﬁrﬁg Ih@HsDEﬁNo~.

di splaying an interactive program ingjycator which i ndillcAfEs” Lhat-ap AVl |l
programis | oaded but not executing. 7. In an audio owtﬂiﬁﬂaeF?ve“
- (AVl) receiver receiving a packet streamincluding an AVl program and
_execution signals, a method for controlling the execution of the AVI
program conprising the steps of: loading the AVI programinto a nenory in
response to the presence of the AVI programin the packet streanm beginning

execution gf | oaded AVI program nonitoring the packet streamfor
speci al si ckets; and halting execution, and unl oading the executing
AVl program ' ction of a special signal
packet containing an end execution signag 8. The nmethod of claim7,
wherein the end execution sign he pac treamis represented by an
end execution signal packet. 9j DAThel met hod WBRclfai m 7, further including
t he steps of: suspefidi ng  execuj ja AEf th odramin response to a
suspend executi gnal in th CHARES S{r rei n suspendi ng execution

i ncl udes storind_i elecution state of fhe AVEF program bei ng suspended and
dunpi ng the AV §T‘§ conti flui ng execution of a

previously susp nd AYl program
< 4 b#
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sl i M LSTART
OFFSET | . ' -FIRST
CURR REQ-p{ ) | . M
N _LENGTH | OFFSET
‘h'STTUTF" . - - = = ki—WP IgiZE
FIRST 324~ NEXT |
NEXT I~
322 :
Fig. 4
NI




In response to a continue execution signal in the packet stream wherein
cont i-nui.ng executing includes reloading the previously suspended AVI
program fromdata in said packet stream and presettﬂ

TR BHAEE HAGFREN
bxecutlisnaSiSghal i i t he
packet s

wi th data stored when the previously suspended AV
-27- 10. The nethod of claim9 wherdi/a the suspend
packet streamis represented by repetitive suspend
during a suspend tine interval, and the continue execution signal is
represented by a cessation of said repetitive suspend execution signal
packets. 11. The nmethod of claim9 wherein the suspend execution signal in
t he packet streamis represented by a suspend execution signal packet and
t he conti nue execution signal. |sﬁgepresented by a continue execution signal

packet . -28- 12. In an audio (vrdeo TnteractTye (AVl) receiver receiving
a packet streamincluding an AVI| prd d expcution signals, and
i ncl udi ng an execution controllgr fo ) olliphg the execution of the AV
program a nethod for controlling € ~of the AVI program
conprising the steps of: in the S4gcutign controller:
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E
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| oadi ng the AVI programinto a menory in response to the presence of the
AVI: programin the packet stream sending an activate toggle nessage to the
AVL programin response to a user input; sending an exLL_ngﬁﬁage_re Fhé“AVI
programin response to an end execution signal in the L §kg¢5mshean1
sendi ng a suspend nessage to the AVI progranmin response todiznggg
execution signal in the packet stream and sending a ceptd n age 1
the AVI programin response to a contihua/execution &Lgnab-|n the—packef
stream and in the AVI program executing in one of: an inactive state, in
which the AVI programis inactive; an active state, in which the AV
programis executing; and a suspended state, in which execution of the AV
t he |nact|ve state, in response toAVhez5

programis suspend
| oadi ng of theB%¥+j he ne
unl oadi ng the AV ¢ nmeno|y |n response to the exit agessage;
when in the inact _-v-e-s-t-at-e?- eDE®rijng th¢ active VIDEO 15
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state in response t-o an activate tdggle nmessage; when in the active state:
-29- entering the inactive state in response to the actlvate toggle

nmessage; and entering the suspended state in respon ssage;
and when in the suspended state: enteridg the actlv %i‘-éCIEM ‘[IL/f
conti nue nessage; and entering the inaghive state |ﬁ respo

activate toggle nessage. 13. The nethod of claim 12, Z?A&ﬁh uspend
execution signal in the packet streamis represented by repetltlve suspend
execution signal packets during a suspend tinme interval, and the continue
execution signal is.represented by no repetitive suspend execution signal
packets; and the step of sending a suspend_nessage in the execution
controller comnprises the step of sendlng he suspend ngssage in response to
a first suspend execution_ gignal of sending a continue
message in the executloqs roll pf sending a
continue nmessage after a< zdet i ch no suspend
execution signa

T
" |
% ( IQ . '
§ |
|
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packets are received. 14. The nethod of claim 12,
execution signal in the packet streamis represent
si gnal packet and the continue execution signal isfrepres
continue execution signal packet; and the step of |seagi.n§ £N§ﬂs
in the execution controller conprises the step Of‘%Eﬁdtﬁg_thE suspen
nmessage in response to a suspend execypd on signal packet; and the-
sending a continue nessage in the execution controller conprises the step
of sending a continue nessage in response to a continue execution signal
packet. . -30- 15. 1In an audio video interactive (AVl) receiver

sel ectively receiving one of a plurality of packet streans under control of
a user, each packet streamincluding an AVl program having an identifier,
and executlongw gl s, the receiver including an execution controller for
controlling tlgTREAMCUti on of the AVI program a nethod for controlling the
execution of the AVl program conpri$ing the Steps of: in the execution
control ler: |oading the AVl progks gs0fy in response to the

presence of the AVI progran1|n t i gcted prpppthe plurality of packet
streans, storing the i bDIDMAE || 03 cation programinto a
CNTRL

| ~START
OFFSET | . -FIRST
. Y 4 - .
CURR REQ O . >
"REQUEST | . L LENGTH | OFFSET
— START . — = = ki—wWrP Igze
FIRST 324~ ' NEXT
EXT I~
322 .
RAM 326 o 323 7 N - SI‘D

Fig. 4



respective location in the nenory, and seardhing bl ocks previously stored
in the nenory containing identifiers of mnimzed AVI progranms and if an

identifier contained in a block matches the ide rogram
| oaded into the menory, setting the execution sbeﬂﬁfkﬁﬁﬁgﬁgi; of the
new y | oaded AVI programto an execution state gnd enﬂa2 m>>cont ai ned in
the matchi ng bl ock; sending an activate toggle dge-to-t-he-AVl- Ibrogram
in response to a user input; sending amMxit nmess ogramin

response to. an end execution signal in the selected one of the plurality of
packet streans; sending a suspend nessage to the AVI programin.response to
a suspend execution signal in the selected one of the plurality of packet
streans; and sending a continue nessage to the AVI programin response to a
continue execution signal in the selgagted one of the plurality of packet

streans; sending a mnimze nessagelto pregramin response to the
presence of an AVI programin the data havifng a different identifier
54

than the identifier in the respecti lacation inlthe nenory; and in the
AVl program executing in one of:
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-31- an inactive state, in which the AVI- programis inactive; an ACtYA2 et
state, in which the AVI programis executing; a suspended state, in which
execution of the AVI programis suspended; and a mnimzed state, including
the steps of: halting execution of the AVI program then storing the
identifier of the AVI program and the execution state and 0 NN\ E=SHFAET

the AVI programin a block of the nmemrgy; then unloadi 0 F{d{ﬁ_ﬁi&"—'ﬁﬁoﬂ?‘
fromthe nmenory; entering the inactive state, in responge to the

the AVI programinto the menory; halting execution, and u[g‘gadl
programfromthe nenory in response to the exit nessage;lwben F
i nactive state, entering the active state in response to an activate toggle

nmessage; ngnAjﬁS.t he active state:

1. In an audio*video interactive (AVI) receiver receiving a
packet stream including a directory and an AVI program having an
associated identifier in the directory, a method for controlling the
execution of the AVI program comprising the steps of:

loading the AVI program into a memory in response to the
presence of the AVI program in the packet stream;

beginning execution of the loaded AVI program;

monitoring the packet stream for an AVI program different
from the exccuting AVI program: and

interrupting and minimizing the executing AVI program when
said AVI program different from said AVI program is detected in the
packet stream, and wherein minimizing includes removing said
executing AVI program from said memory.

2. The method of claim 1, wherein the step of interrupting
and minimizing the executing AVI program comprises the steps of:

halting exccution of the AVI program;

storing the identifier of the AVI program in a block of memory;

storing the execution state and environment of the AVI
program at the time of halting execution, in said block of the
memory; and '

unloading the AVI program from the memory.

3. The method of claim 2, wherein the step of loading the
AVI program comprises the steps of:

loading an AVI program in memory;

searching previously stored blocks of memory for a block
containing an identifier matching that of the loaded AVI program,;
and

if there is a matching memory block, setting the execution state
and environment of the loaded AVI program to the execution state
and environment for the corresponding AVI program stored in said
block of memory.

4. The method of claim 3, further including:

after said setting step, holding loaded said AVI program in an
inactive state until activation by user input.
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entering the inactive state in response to the activate toggle nessage; and
entering the suspended state in response to a suspend nessage; and when in
t he suspended state: entering the active state in response. to-a-cortFAte
message; entering the inactive state in response to an dichipatcz:tOgyBEEET
nmessage; and entering the mnimzed state in response t@ the m ni nbé.g :Bglr
nmessage. -32- 16. The nethod of claim15, whereint Dg@q_r__igaé.. \ Yol
the step of executing in a nminimzed ®&6te in the appli '

further conprises the step of: storing a tinme duration in the bl ock of
menory, indicating a period of tine during which the data stored in the
bl ock of the ryeW LI remain in t nory d, after the tinme duration
has expired, r m)v"ﬁﬁ W@ﬁ%{]gﬂ% J %@%Eﬂ%l@%ﬁ‘eﬁeﬁﬂ'ﬁﬁm 17.  The
net hod of furthem ircludes:rexecutidre sigaplsydard efurthen comapeising) thee sel ected
one. of tReagyl Wgality of packet streams is represented by repetitive

suspend executi on signal packets during a suspend time interval, and the
conti nue executSnspendiggaexecution of dhecA Vi programein tiesponses tend

suspend execution signal in the packet stream; and
continuing execution of a previously suspended AVI

program in response to a continue execution signal in the packet
stream.

6. The method of claim4, further comprising the step of
displaying an interactive program indicator which indicates that an
AVI program is loaded but not executing.

7. In an audio video interactive (AVI) receiver receiving a
packet stream including an AVI program and execution signals, a
method for controlling the execution of the AVI program comprising
the steps of: o

loading the AVI program into a memory in response to the
presence of the AVI program in the packet stream;

beginning execution of the loaded AVI program;

monitoring the packet stream for special signal packets; and

halting execution, and unloading the execcuting AVI program
from the memory in response to detection of a special signal packet
containing an end execution signal.

8. The method of claim 7, wherein the end execution
signal in the packet stream is represented by an end execution
signal packet.

9. The method of claim 7, further including the steps of:

suspending execution of the AVI program in response to a
suspend exccution signal in the packet stream, wherein suspending
execution includes storing the execution state of the AVI program
being suspended and dumping the AVI program from memory; and

continuing execution of a previously suspended AVI program
in response to a continue execution signal in the packet stream,
wherein continuing executing includes reloading the previously
suspended AVI program from data in said packet stream and
presetting execution states with data stored when the previously
suspended AVI program was suspended.
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execution signal packets; and the step of sending a suspend nessage in the
execution controller conprises the step of sending the suSpend--nmessage.in_ .
response to a first suspend execution signal packet; a@d*ﬁﬁbﬁ@EMﬁNw&HgEan
sending a continue nessage in the execution controllerﬁcpnpriqyi oes pk
of sending a continue nessage after a predeterm ned tidgﬁﬁ@rhod“Ln”mh ..... 1y io
suspend execution signal packets are-pgceived. 18. The nethod-of~ckaim-1b,
wherein: the suspend execution signal is represented by a suspend execution
si gnal packet and the continue execution signal is represented by a
continue execution signal packet; and the step of sending a suspend nessage
in the execution controller conprises the step of sending the suspend
message in resppgse TheanféthBanef cxafmt 9ORvHdrein! theastisend kelclifiont €p ' of
or  sendi nchiga (18" BAERct hitckin I SEPEALANAN Y FRRRAUE HiRACT ol
packet . % éiﬁi‘éﬂ éign paa&%ts during a suspen% ime ' In rva)i,- an tﬁe g
continue execution signal is represented by a cessation of said
repetitive suspend execution signal packets.

11. The method of claim 9 wherein the suspend execution
signal in the packet stream is represented by a suspend execution
signal packet and the continue execution signal is represented by
a continue execution signal packet.
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