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.client-server distributed conputer sysifm_Such a-computerisysie "’s1é%
application in broadcast RuhtEiREBITED PEOMBITESydaaM Y conputerm
wer e standal one systens, consisting generally of mainframe conputers.

Later, several mainfranme conputer systens were closely connected, or
clustered, toThangtésdir imvrgaiictpAYliaited jteba, ciuehtasesvéar ge nunber of
time shaging L e{sd;é/gthéhe ad\{__%nt o% ggr.gonal C n?uéers large nunbers of
rel ati veﬁiy oW "|loo' rCEERNE e cg‘r'rpu & sys?grﬁguv\% e %%‘fﬁ’?ol?ar ed directly
by tI$ei rappkicat Bywnin Hesmdcasge muliieedief appi soatiomenput ers were coupl ed
toget her into networks of conputers, 15 providing shared resources and
comuni cations tapabilities to the users of the individual personal
conput er s andEREl VieePMR Rl JksieNsamernchstpndaipaei Ayshemas repmstyng ers.
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computer systems were closely connected, or clustered, to handle

10 larger computing jobs, such as a large number of time sharing
users. With the advent of personal 6omputers, large numbers of
relatively low power standalone computer systems were controlled
directly by their users. Soon these large numbers of personal
computers were coupled together into networks of computers,

15 providing shared resources and communications capabilities to
the users of the individual personal computers and between those
users and the preexisting mainframe computers.

One form of_sﬁch a network includes a central computer,

20 called a server, which generallj includes a large amount of mass
storage. Programs used by the network users are centrally
stored in the mass storage on the server. When a user desires
to run a program, the user's computer requests that a copy of
that program be sent to it from the server. In response to that

25 request, the server transfers a copy of the program from its
mass storage to the main memory of the personal computer of that
user, and the program executes on that personal compﬁter. Data
also may be centrally stored in the server and shared by all the
users on the network. The data is stored on the mass storage of

30 ‘the server, and is accessible by all the network users in
response to a request. The server also serves as a hub for
communications of messages (eiectronic mail) between network
users The server in such a system handles the storage and
distribution of the programs, data and messages, but does not

35 contribute any processing power to the actual computing tasks of
any of the users. 1I.e. a user cannot expect the server computer
to pe#fprm any;éfq;he~prbcessing tasks of the program executing
on the peréonaf béﬁputer; While such networks perform a

valuable function, they are not distributed computing systems,
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any procesmecqpsnnﬁucdmpuﬂm&-asbuabrcomputheg pas&enal computer) remote

from the requester is executing a program in response to a

10 request from the requester. In such a system, the program of
which remote execution is requested is either sent from the
requester to the remote computer, or retrieved from the server
in response to a request by the remote computer. When the
program is received, it is executed. In this manner several

15 computers may be enlisted to cooperate in performing a computing
function. |

Recently, there have been programs which distribute the

actual computing tasks necessary for performing a single

20 computing function. For example, in such a data base program,
where the data base is stored in the mass storage of the server,
if a user desires to make a query of the data base, the portion
of the data base management program on that user's personal
computer will generate a query request, which is forwarded to

25 the server. The portion of the data base management program on
the server performs the query processing, e.g. parsing the query
request, locating where the data specified in the query request
resides on its mass storage device, accessing that data, and
sending the results back to thelrequeSting.personal computer

30 over the network. The portion of the data base management
program on the personal computer then processes the data
received from the server, e.g. formatting it, and displaying it
on the screen or printing it on a printer. While the server is
processing the query request, the personal computer is free to

35 perform other processing, and while the personal computer is
generating the query request, and proce331ng the resulting data
recelved from the server, the. server 15 free to process query

requests from other personal computers;
—_—
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from the IEfRBE® ¢ §c8 FroGRERPRRVSESTIMRAF Y, Systems, and

remote execution networks, may be termed distributed computing

systems because several computers (the server and/or the
respective peripheral computers) cooperate to perform the
computing function; e.g. data base management.

10 _

Recently, broadcast multimedia programs, more specifically,
interactive television (TV) programs, have been proposed.
Interactive TV programs will allow a viewer of a television
program to interact with that program. In an interactive TV

15 system, the central broadcast location (TV network, local TV
studio, cable system, etc.) will have a central computer,
corresponding to the server computer, which will produce signals
related to the interactive TV program to be broadcast
simultaneously with the TV (video and audio) signals. These

20 signals carry data representing the interactive TV program and
may include commands, executable program code and/or data for
controlling the viewer interaction. Each viewer location will
have a computer, corresponding to the client computer, which
will receive the_commaﬁds, executable code and/or data from the

25 central computer) execute the executable code, process the
received data, accept input from the user and provide data to

- the user by means of the TV screen. The input from the user may
be sent back to the computer at the broadcast location, allowing
the user to interact with the interactive TV program.

30 .

U.S. Patent 4,965,825, SIGNAL PROCESSING APPARATUS AND
METHODS, issued Oct. 23, 1990 to Harvey et al., describes an
interactive TV system in which a central broadcast location
includes signals carrying commands, executable code and data in,

35 for example, the vertical blanking interval of the television
signal for receipt by the computer systems at the viewer
locations. A ¢6mputer at the viewer location -extracts the
commands, execﬁtable'éode énd data Qh&:executes the code to
process the data and:interact with the user. Such a system is

40 __EEEEEEQELQ_IxLija;remote execution function of distributed
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of the“data bas
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1o 25 the SN a n‘gf&g,oggytlgn oftﬂge gl das eerrent Rrogram on the
server- perfornéﬁ{he query proceSSI parSIrm] ﬂﬁi dhe
computer) requests remote executlon of a program, requests a

file or message from, or sends a query request to, another

10 computer. Only in response to a request does the other computer
provide a response, e.g. remote execution, the requested file,
message or retrieved data. 1In addition, in general, the
peripheral computer is required to have all the resources
necessary to completely, or almost completely, execute the

15 desired program, with the server acting only as anothef storage

' mechanism. or at most sharing a portion of the computing tasks.

The inventors herein propose a distributed computing system
in which a server computer continuously produces a data stream.
20 This data stream acts a mass storage device for the client
computers receiving it. This data stream repetitively includes
data representing a distributed computing application in which
the client computer may participate, including executable code
and data. A transport mechanism, including a high speed, one-
25 way, communication path, carries the data stream from the server
to the client. The client receives the data stream, extracts
the distributed computing representative data and executes the

distributed computing application.

30 In accordance with principles of the present invention, a
distributed computer system comprises a source of a continuous
data stream repetitively including data representing a
distributed computing'application and a client computer,
receiving the data stream, for extracting the distributed

35 computing application representative data from the data stream,
and executing the extractedmdigtributgdmgomputing application.

In a distributed computing system according to the
invention, the client computer system need not include all the

40 resources, in particular, main memory and mass storage,
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request, locating where the data specifi&dﬂiﬁ’lhe q&éry"féqhest resi-des. on
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3 currently executing portion has completed, its memory space is
freed up, and the next executing portion is extracted from the
data stream, stored in the freed memory space, and that portion
begins execution. |
10 _

In addition, a distributed computing system according to
the present invention allows the user of the client computer to
have the option of participating in the distributed computing
task. If it is desired to participate, the client computer

15 extracts the data representing the distributed computing
application and executes the distributed computing application,
as described above. If it is desired not to participate, the
data stream is merely ignored, and the processing desired by the
user, or none at all, is performed. Such a distributed

20 computing system also allows each participating client computer
to join the distributed computing function at any time and to
proceed'at'its own pace in performing its own computing
function.

A distributed computing system according to the present

25 invention is particularly amenable to interactive TV
applications because it allows a viewer to tune into an-
interactive TV channel at any time, join in the interactivity
whenever desired (or not at all), and allows all the viewers to
proceed at their different paces. This is especially

30 advahtageous_in an environment when an interactive commercial,
with its own executable code and data, may be presented within
an interactive program, or when the viewer wishes to change
channels.

BRIEF DESCRIPTION OF THE DRAWING

35 In the drawing: | '

FIGURE 1 is a block dlagram of a distributed computing
system’ accordlng to the present 1nventlon,

FIGURE 2 i§ a block diégram of a server computer as

illustrated in FIGURE 1; —_—
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peri pheralascorrp T tego perform the conmputing function, e.g.
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speci fgcalﬂmugeya%re%ctﬁvglbghgv?gi on (TV) programs, have been proposed.
Interactive TV prograns will allow a viewer of a television programto
interact with that program In an interactive TV 15 system the central

broadcast |ocatPrUHENY et Wbk ockoBhgl¥mSbHdh 0di SERI KL [@Rplihg W I |
have a Ce@?é%eﬁ“% ngﬁﬁhg to the present invention. In FIGURE 1, a
server computer 10, which may include a large computer.system,
10 is coupled to a plurality of client computers 20 through a
transport mechanism 30. The server computer 10 may be coupled
to more than the three client computers 20 illustrated in FIGURE
1, and the client computers 20 may be geographically widely
dispersed. Client computer 22 is bidirectionally coupled to a
15 local computer 40, to an auxiliary data processing system 50 and
to a central processing facility 60. The central processing
facility 60 is bidirectionally coupled to the server computer
10. The central processing facility 60 may also be connected to
facilities other than the server computer 10 illustrated in
20 FIGURE 1. The local computer 40 is further bidirectionally
coupled to a mass storage device 70. The client computer 22
interacts with a user 80 by providing information to the user
via a display screen or other output device (not shown) and by
accepting information from the user via a keyboard or other
25 input device (also not shown). | |

Client computers 24 and 26 also interact with their users,

(not shown in order to simplify the drawing). 1In addition,
client computers 24 and 26 are bidirectionally coupled to the

30 central processing facility 60. Such links are optional,
however. The only requirements for any client computer 20 is a
way to interact with a user, and a connection to the transport
mechanism 30. Links to local computers, auxiliary data
processing systems, and the central processing facility 60 are

35 all optional, and need not be present in every one of the client
computers 20. .

The transport méchanism 30 incIludés a unidirectional high
speed digital data link, such as a direct fiber optic or digital

40 satellite link from the server 10 to the client computers 20.
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23, 1990 tokﬂ?ﬁﬁ?e muf%lplé%% C%& inaa single stream of packets.

- 10 In addition, it 1s possible to multiplex a plurality of
such packet data streams over respective channels oh the same
physical medium (fiber optic or satellite radio link) making up
the transport mechanism 30. For example, different data streams
may be modulated on carrier signals having different

15 frequencies. These modulated carriers may be transmitted via
respective transponders on a satellite link, for example.
Further, if a particular transponder has sufficient capacity, it
is possible to time multiplex several data streams on a single
modulated carrier.

20

The client computers 20 each contain a data receiver for
selecting one of the streams of packets being transported over

- the transport mechanism 30, receiving the selected stream of
packets and extracting the data contained in them. Continuing

25 the above example, the data receiver may include a tunablé
demodulator for receiving one of the respective modulated
carriers from the satellite link. In addition, the data
receiver may include circuitry for time demultiplexing the
respective data streams being carried by that modulated carrier.

30

In operation, the server 10 produces a continuous data
stream in the form of a stream of packets for the client
computers 20. The server 10 repetitively inserts a packet, or
successive packets,'containing data representing the distributed

35 computing application, including at least one executable code
module, into the data stream. This code module contains

executable code. for the: cllent ;ﬂ'puters 20. .The data receiver

in, for’ example, client” computer 22, continuously monitors the
packets in the data stream on transport mechanism 30. When a

40 packet including identification information indicating that it
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requests hﬁompmpﬂephéyarecempedershai¢kaﬂnnjaqmputer 22 begins to execute
it.

There may be more than one code module placed in the

10 continuous data stream, éach containing a different portion of
the distributed computing application. For example, it is
possible to divide the distributed computing application into
small portions in such a manner that only one portion at a time
need be executed at a time. The portion of the distributed

15 computing application currently needed to execute is loaded into
the memory of the client computer 22. When that portion has
completed its execution, then a code module containing the
executable code for the next portion of the distributed
computing application is extracted from the data stream, stored

20 in memory and executed. Each portion is extracted from the data
stream as needed. If there is sufficient memory in the client
computer 22, it is possible to load several code modules into
the memory and switch between them, without extracting them from
the data flow, but this is not necessary. By structuring a

25 distributed computing application in this manner, the reqﬁired
memory size of the client computer 22 may be minimized

The server 10 may also repetitively include a packet or

packets containing one or more data modules in the data stream.

30 The data modules contain data to be processed by the executable
code in the code module. Prior to, or during the execution of
'the code from a previously extracted code module, the client
computer 22 may require'access'to the data in the data module or
modules. If so, the client computer 22 monitors the data stream

35 for the required data module or modules. When packets
containing the data module or modules (or portions of the data
module or’m§aﬁles) are present in the data stream, they are
extracted, énd the contents stored in the main memory of the
client computer 22. When all the required data modules have

40 Dbeen completely received, the client computer 22 begins or
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and data modules currently being included in the data stream.

10 The directory includes a list of all the code and data modules
which are present in the data stream, along with information
about those modules. If a directory is present in the data
stream, then, prior to extraction of any code or data modules
from the data stream, the client computer 22 monitors the data

15 stream for the directory. When packets containing the directory
(or portions of the directory) are present in the data stream,
they are extracted, and their data stored in the main memory of
the client computer 22. When the directory has been completely

' received, the client computer 22 evaluates the entries in the

20 directory, then requests the first code and/or data module from

the data stream and execution proceeds as described above.

Any of the client computers 20 may join the distributed
computing function represented by the packet stream at any time,

25 - and each of the client computers 20 may operate at its own
speed, generally in response to the user 80. 1In order to allow
for this, the server 10 repetitively places the directory and
all the code and data modules which the client computers 20 may
require to perform their portion of the distributed computing

30 function into the data stream on the transport mechanism 30.
Whenever one of the client computers 20 joins the distributed
computing fuhction, it monitors the newly selected packet stream
on the transport mechanism 30 for the directory module, extracts
it, and processes it as described above. During execution,

35 whenever one of the client computers 20 requires the a new code
and/or data module, it monitors the data stream on the transport
mechanism 30 forithe newly requlred code and/or data module,
extracts it and’ elther executes 1t, if it is a code module, or
processes it if it. is a date module, as described above.

40 _ e
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stream on the transport mechanism 30 and passes them directly to
the auxiliary data processor 50. The auxiliary data processor .

10 50 processes its packets independently of the client computer
22. If the auxiliary data must be presented to the user 80, the
auxiliary data processor 50 may provide its own display device
(not shown) which may be shared with the client computer 22, or
the display device (not shown) associated with the client

15 computer 22 may be shared with the auxiliary data processor 50,
to provide a single information display to the user 80. The
auxiliary data processor 50 may have links to other illustrated
elements (not shown), but that ié dependent upon the type of

_ data.

20

In an interactive TV system, for example, the auxiliary

data includes the video and audio portions of the underlying
television signél. For example, the auxiliary data would
include video packets containing MPEG, or MPEG-like, encoded

25 data representing the television image and audio packets
containing digitally-encoded audio. Further, there may possibly
be several different audio packet streams carrying respective
audio channels for stereo, second audio program (SAP) or
multilanguage capability. In an auxiliary data processor 50 in

30 - such a system, the video packets would be supplied to a known
MPEG (or similar) decoder (not shown) which would generate
standard video signals, which would be suppliéd to a television
receiver or video monitor (not shown). The audio packets would
be supplied to a known audio decoder (not shown) which would

35 generate standard audio signais for the television receiver or

speakers'(not shown) .

In such an interactive TV $ystem, the client computer 22
may, in response to execution of the executable code module,
40 generate graphic displays to supply information to the user 80.
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client conpémBAined, in known manner, with the standard audio signals from
the audio decoder, and the combined sound played through the

television receiver or speakers.

10 Furthermore, time code data may be included in either or
both of the television auxiliary packet data stream and the
packet data stream representing the interactive TV application.
This permits synchronization of any graphic images or sounds
generated by the client computer 22 with the television signal

15 from the auxiliary data. In this case, the client computer 22
would have access to_thé time code data, and would control the
generation of the gfaphic image and/or sound to occur at the
desired time, as supplied by the time code data.

20 In such an interactive TV system, both the client computer
22 and the auxiliary data processor 50 may be contained in a
single enclosure, such as a television receiver, or television
set-top decoder box. A television receiver, or decoder box
would include connectors for attaching to a local computer or

25 other equipment.

The user 80 provides input to the program running on the
client computer 22 during its execution. This data may be
required by the server 10 in order to effect the dlstrlbuted

30 computing function. 1In an interactive TV system, for example,
user 80 may provide input to the client computer through a
handheld remote control unit.

The user data is transferred to the server computer 10 via
35 the central processing facility 60. In one embodiment, data is
sent from the client computers 20 to the server computer 10 via
modems through the telephone system actlng as ‘the central
processing facility 60. The server computer 10 receives and
processes the data received from the client computers 20 during
40 execution of its portlon of the distributed computlng function.
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tive c
information in newly generated code and/or data modules is

processed by all client computers 20 participating in the
distributed computing function, while information passed from
the server computer 10 to the cliént computers 20 through the
central processing facility 60 is specifically related to the
client computer (22, 24, 26) to which that information was sent.

In another embodiment, the central processing facility 60
may include its 6wn computer system, separately connected by
modem to both the client computers 20 and the server computer 10
through the telephone system. In either of the above
embodiments, the central computing facility 60 provides access
to other computers or processing facilities (not shown) wvia the
telephone system. Thus, if information from other computer
systems is needed to perform the distributed computing function,
those computer systems may be accessed via modem through the
telephone system by either the client computers 20 or the server
computer 10.

An input/output (I/0) port on the client computer 22 is
coupled to a corresponding port on the local computer 40. Local
computer 40 is collocated with the client computer 22. Local
computer 40 may be a personal computer used by the user 80 of
the client computer 22, or may be a larger computer, or computer
network located at the same site as the client computer 22.

This allows the client computer 22 to access data on the
attached mass storage 70 of the personal computer or a computer
on the network located at the client computer 22 site. 1In
addition, the client computer 22 may use the mass storage 70 of
the local computer 40 for étorage of data to be retrieved later.
It is likely that the local computer 40 will include both an
output device (not shown) such as a computer monitor and an
input device (also not shown) such as a computer keyboard. Both
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: roduced by a server conputer in a distributed conputing system as
illustrated i nfdrfGdfamble, the distributed computing system illustrated

in Figure 1 may be part of a widespread corporate computing
system, and the server 10 may be located at a central location
of that corporation. The client computer 22 may be located at a
remote location, and the local computer 40 may be coupled to the
personal computer network at that location. Workers at that
location may store shared data (e.g. financial information) on
the server connected to that network. The distributed computing
function may include gathering local financial data from the
client computers at the remote locations, processing that
financial data and returning overall financial results to the
client computers. 1In such an application, the executable code
executed on the client computer 22 accesses the data from the
local computer 40 (either from its attached mass storage 70 or
through the network) through the I/0 port, and sends it to the
server computer 10 through the central processing facility 60.
The server computer 10 continues its processing based on the
information received from client computer 22 (and other client
computers 20), and returns the results of that processing to the
client computers 20 either through the central processing
facility 60 or via the data stream on the transport mechanism
30.

In another example, the distributed computing system may be
an interactive television.system, broadcasting a home shopping
show as the distributed computing application. In such a case,
the auxiliary data carries the video and audio portion of the
television signal, which may show and describe the items being
offered for sale, and may include both live actors and overlaid
graphics generated at the central studio. Code and data modules
maklng up the interactive television application may include

- data about the products which will be offered for sale during

this show, or portion of the show, .and executable code to
interact with the user in the manner described below.

When a viewer wishes to order an item, a button is pressed

on the TV remote control. This button signals the client

0

This Sheet Has Been Reﬁ



"FIGURE 4 is a block diagramof a client
FIGURE 1. FIGURE 1 is a block diagram of
accordisng to the pégsent jnventlon | n ut er

whi oh ey CPRRPEEE 221 67 bt SR % a5/ &% "r-gf%aaﬁ#ean NS e al ity of
client COﬂEUéSSSr?Otcb hs LD 8 ﬂHeari&wﬁnamehaﬁeearsBerTbo §Hd@rtmrrput er

10 may be o] Ieg % np! e, Ehan the three cl | nt eLs 20 lIustrq}ed I n
FI GURE 1, anﬁ fhe- rlen? %:o‘?’rputfu %0 nr?&‘f Bac 88§F§gﬁ|‘8a| H}e

di sper sedmetltbdenf raymRAty 2R icrdgidi caad cnaﬂoby ¢bEpheeded) a e;_t5c | ocal
conputeer 'f‘ﬂ?séolﬂgtﬁ&l&ié%yaf@t I{Hx%‘%%%s'lﬁgtﬁléS%E%EQ @%ﬁ‘@e@ gentral

processing facil e central processing facrl
b|d|rect|6ﬁﬁphycéoﬂ%+%@ 4%?t?ﬁ?%&ﬁw%FxbéﬁﬁuﬁéﬂeY@SlqﬁeVééﬂﬁr%maiﬁocégélng

facility €8 aayoabégsﬂslsorwcd Qﬁbxﬁ;ﬁ:tfea:(llglehtelraﬁeat beicéhed Bdeg&EdRed

g?gPrgggllOg:%I 152’ tﬂlé%e ggféé?%l%n au 1o elgke ngu%g{cé£g$grjurther

Br._.as . b. :ﬂ_f[u'trated in
a?B A ¢

ting system’

by replac1ng the television audio. The viewer responds to the
10 instruction by providing the requested information via the TV

remote control. When the information requested by the on-screen

display and/or voice instructions has been entered by the

viewer, it is sent to a central computer via the modem in the

client computer. An order cohfirmation may be sent in the other
15 direction from the central computer.

It is also possible that permanent information about the
viewer (i.e. the name, address, method of payment and credit
card number) may be preentered once by the viewer, so it is not

20 necessary to solicit that information each time an order is
placed. The information is stored in permanent memory in the
client computer. In such a case, when an order is placed, that
information is retrieved from the permanent memory, appended to

. the item number and tranSmitted to the central compﬁter. It is

25 further possible that, by means of time codes, or other ‘
commands, inserted into the data stream, the client computer
will know which item is currently being offered for sale. 1In
such a case, the viewer will be able to order it by simply
pressing one button on the TV remote control. In response, the

30 client computer can combine the previously received information
related to the item currently being offered for sale with the
previously stored personal information related to the viewer,
and transmit the order to the central computer and receive the
confirmation in return.

35

Because the code and data modules related to the home
shopping program are repetltlvely 1nserted into the data stream,
a viewer may tune into the program at any time and be able to
participate interactively. Similarly, it is not necessary for
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I ncl udes a unidirectional hi
the data streams on transport mechanism 30, and process the

program currently being broadcast on that data stream, with
10 interaction with the user 80 through the input and output
devices (not shown) connected to the local computer 40.

It is further possible for the user 80 to cause the client
computer 22 to access the server computer 10 through the central
15 ©processing facility 60, instead of via the data stream on
transport mechanism 30, and receive code and data modules via
this bidirectional link. '

FIGURE 2 is a block diagram illustrating a server computer
20 10 as illustrated in FIGURE 1. 1In FIGURE 2, a source of
distributed computing application code and data 101 includes an
application compiler, and software management module (not shown)
and has an output terminal coupled to an .input terminal of é
flow builder 102. An output terminal of flow builder 102 is
25 coupled to an input terminal of a transport packetizer 104. An
output terminal of transport packetizer 104 is coupled to a
first input terminal of a packet multiplexer 106. An output
- terminal of packet multiplexer 106 is coupled to an input
terminal of a transport multiplexer 110. An output terminal of
30 transport multiplexer 110 is coupled to the physical medium
making up the transport mechanism 30 (of FIGURE 1). A second
input terminal of packet multiplexer 106 is coupled to a source
of auxiliary data packets 107. A clock 109 has respective
output terminals coupled to corresponding input terminals of the
35 transport packetizer 104 and éuxiliary data source 107. A data
transcelver 103 has an flrst b1d1rect10na1 terminal coupled to
the central proce531ng fac111ty 60 (of FIGURE -1) and a second
bidirectional data coupled to the appllcatlon code and data

source 101. ““““‘-~—___h\“‘
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speed digital data link, such as a direct ﬂ?%%ﬁ?ﬁ%fﬁéaéﬁfﬁiﬁital 40
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possi bi% tBoFuiRi pl Sthep hannely SORTSEEn ﬂ)ﬁ(‘fﬂ(’é%lﬂgt ﬁlrgfjf%%rﬁox%oer}e ts a
respect i vetkbsanel ustrdted Sanmehannel source 108 but not shown in FIGURE

1, are represented by another dashed box 108a. The other

channel sources (108a) have output terminals coupled to other
input terminals of the transport multiplexer 110, and may have
10 input terminals coupled to central processing facilities through

data transceivers.

In operation, data representing the distributed computing

application program, and data related to the transmission of the

15 program over the transport mechanism 30 are supplied to the flow
builder 102 from the application source 101. This data may be
supplied either in the form of files containing data
representing the code and data modules, or by scripts providing
information on how to construct the code and data modules, or

20 other such information. The code and data modules may be
constant or may change dynamically, based on inputs received
from the client computers 20 via the central computing facility
60 and/or other sources. The executable code and data module
files may be generated by a compiler, interpreter or assembler

25 in a known manner in response to source language programﬁing by
an application programmer. The data file related to the
transmission of the modules includes such information as: the
desired repetition rates for the directory and the code and data
modules to be included in the data stream; the size 6f'main

30 memory in the client computers 20 required to store each module,
and to completely execute the application program; a priority
level for the module, if it is a code module, etc.

Flow builder 102 processes the data from the application
35 source 101. In response, flow builder 102 constructs a
directory module, giving an overall picture of the application
program. The information in-the directory module includes e.g.
the identification of all the code and data modules being
repetitively transmitted in the data stream, their size and

40 possibly other information related to those modules. Then the
' This Sheet Has Been Replaced
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10 _

The transport packetizer 104 generates a stream of packets
representing the directory module and the code and data modules
as they are emitted from the flow builder 102. Each packet has
a constant predetermined length, and is generated by dividing

15 the data stream from the flow builder into groups of bits, and
adding a packet header with information identifying the
information contained in the packet, and an error detection
and/or correction code, etc., to each group, such that each
packet is the same predetermined length. (If there is

20 insufficient data from the flow builder 102 to completely fill a
packet, the packet is padded with null data.) These packets are
time multiplexed with the auxiliary data packets, in a known
manner, to form a single packet stream in the packet multiplexer
106. It is also possible for the generated packets to have

25 varying lengths. In this case, the packet header for each
packet will contain the length of that packet. In addition,
time code data packets are placed in the data stream packets
and/or the auxiliary data packets based on data received from
the clock 109. '

-30 _

Packet streams from all of the channel sources (108,108a)
are multiplexed into a single transport channel; which is
transmitted through transport mechanism 30. As described above,
the packet streams may be frequency multiplexed by having each

35 packet stream modulate a carrier signal at a different
frequency, with all of the carriers being carried by a satellite
link to the client computers 20, in a known manner. In
addition, if there is sufficient capacity within one carrier
channel, several ﬁacket streams may be statistically time

40 multiplexed, and used to modulate a single carrier, alsq in a
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continuously nonitors the packets in the data stream on transport nechanlsm
30. Wien a 40 D3k &Eornthgdrhderbcrerpiters &P iifoithet CSALEAdI cating t hat

it . processing facility 60 (of FIGURE 1) is received at the server

computer 10 by the data transceiver 103, which may include its
own processor (not shown). If an immediate response is
generated, the transceiver 103 processor returns that response

10 via the central processing facility 60 to a specific client
computer (22-26), a specific set of the client computers 20 or
to all client computers 20 in their turn. If, however, a common
response to all client computers 20 is desired, the application
programmer may amend the code and data files in the application

15 code and data source 101'using the application compiler. These
amended files are then processed by the flow builder again to
generate another flow. It is further possible that the code and
data files in the application source 101 may be amended
~automatically and dynamically (i.e. in real time) in response to

20 data received from the transceiver 103, and the flow updated as
the data is being received from the client computers 20.

FIGURE 3 is a timing diagram illustrating the data streams
produced by the server computer 10 in a distributed compu;ing'
25 system as illustrated in FIGURE 1. In FIGURE 3 server computer
10 is shown as simultaneously producing a plurality of packet
streams 32-38. Each packet stream (32-38) is shown as a
horizontal band divided into packets having the same duration
and number of bits. As described above, it is possible that the
30 size of the packets within any packet stream vary with the
amount of data to be carried. In FIGURE 3 it can be seen that
the starting times of the packets are not synchronized. It is
possible to synchronize the packets, but it in not necessary.
In FIGURE 3, packets carrying data representing directories are
35 designated DIR, packets carrying data representing code modules
are designated CM, packets cafrying data representing data
modules are designated DM, and padkeps carrying auxiliary data -
are designated AUX.
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conpleted its execution, then a code nodul e containing t
packets CM. The rate of repetltlon may be Speleled by the

programmer when the application is programmed, and may be varied

10 during the execution of the application.

In the next series of packets 34, the leftmost packet
contains auxiliary data, AUX. The next two packets contain
respective portions of a code module (CM1,CM2). The last packet

15 contains auxiliary data, AUX. From the series of packets 34 it
can be seen that if a code module is too large to be contained
in a single packet, it may be carried by more than ¢ne, with
each packet containing a portion of the code module. Although
two packets are illustrated in the series of packets 34 as

20 containing the code module (CM1,CM2), any number of packets may
be used to carry the code module, depending upon its size. The
two packets carrying the code module, (CM1,CM2) are repetitively
transmitted (not shown) in the series of packets 34, as
described above.

25

In the series of packets 36, the leftmost packet contains
data representing a code module (CM). The next packet (DM1) is
a first packet containing data representing a data module. The
next packet contains auxiliary daté, AUX. The next packet (DM2)

30 is a second packet contalnlng the remalnlng data representlng
the data module. From the series of packets 36 it may be seen
that a data module (DM1,DM2), associated with the code module
(CM), may also be included in the packet stream. Both the code
module (CM) and the data module (DM1,DM2) are repetitively

35 transmitted (not shown) in the series of packets 36. The rate
of repetition of the code module (CM) may be different from that
of the data module (DM1,DM2), and both rates may be specified by
the application programmer and varied during the execution of

the application. -
_ -
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sequentially, but may have intervening packets in the packet

10 stream. The same is true for multiple packets carrying a code
module or directory module (not shown).

In the bottommost series of packets 38, the leftmost packet

contains data representing the directory (DIR). The next packet

15 contains data representing a code module (CM), followed by a
packet containing auxiliary data (AUX) and a packet containing
data representing a data module (DM). In the series of packet
38 all of a directory module (DIR), a code module (CM) and a
data module (DM) in a single packet stream may be seen. The

20 respective repetition rates of these three modules may be
different, as specified by the programmer of the application,
and may be varied during the execution of the application.

FIGURE 4 is a block diagram of a client éomputer 22 as

25 illustrated in FIGURE 1. 1In FIGURE 4, transport mechanism 30
(of FIGURE 1) is coupled to an input terminal of a stream
selector 202. An output terminal of stream selector 202 is
coupled to respeCtive input terminals of an auxiliary data
extractor 204 and a packet data extractor 206. An output

30 terminal of auxiliary data extractor 204 is coupled to the
auxiliary data processor 50 (of FIGURE 1). A bidirectional
terminal of packet data extractor 206 is coupled to a
corresponding terminal of a stream I/0 adapter 208. A control
output terminal of stream I/0 adapter 208 is coupled to a

35 corresponding control input terminal of stream selector 202.
The combination of Stréam'seléctorfzoz, auxiliary data extractor
204 and packet data“extractor 206 form a data stream receiver
207 for client computer 22, illustrated by a dashed line in
FIGURE 4. |

40
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35 far the required data nodul e or modul es ! Nﬁﬁﬁ*ﬁﬁck%f%“cﬁn aining the
data nodul e or nodul es (or portions of the data niBdhl. aCHP es) are
present.in the data stream they are ext?bctleg==amdthe contents stored in -
the mai n nenor Ptéeahd/O peaptesnplBeforms aRArtalqf wh@rosesisiag vais

modul es haea 46 kegeneosphpheby 22Peillﬁdst1§a{°c%d3|]dye%t d‘é@'ﬁﬂéut @ind2iRegi ns or
5, Cont | MBS CBRECH | 080 h b 8908, B AN 60 LR L0 B0 B BeL g 50
it is posamﬁteZEdrlnnﬂadebag pnecehﬁamrﬁnnuerdadAwrlxbomedory HBAM) y212f
el et B ST RGED, Paof] | S e unlie 50 Bhok] "™
manner via a system bus 216. Further input and output
facilities are provided by an I/0 port 218, coupled to the local
processor 40 (of FIGURE 1); user I/0 adapter 220, for
communicating with user 80; and modem 222, coupled to the
10 central processing facility 60 (of FIGURE 1); all also coupled
to the system bus 216 in a known manner. Other adapters (not
shown) may be coupled to system bus 216 to provide other

capabilities to the processing unit 224.

15 As described above, auxiliary data extractor 204, I/0 port
218 and modem 222 are not required in a client computer 20
according to the present invention. They are illustrated in
FIGURE 1 and FIGURE 4 to show optional additional functionality.

20 In operation, processor 210 of processing unit 224
retrieves program instfuctions permanently stored in ROM 214, or
temporarily stored in RAM 212, and executes the retrieved
instructions to read data from ROM 212 and/or RAM 214, write
data to RAM 212 and/or receive data from or supply data to

25 outside sources via the I/0 port 218, user 1I/0 adapter 22b
and/or modem 222, in a known manner. Under program control,
processor 210 may also request a code and/or data module from
the data stream supplied to the client computer 22 via the
transport mechanism 30 (of FIGURE 1). To retrieve this data,

30 processor 210 first instructs stream I/0 adapter 208 to send a
selection control signal to the stream selector 202, possibly in
response to user input from user I/0 adapter 220. Then
processor 210 issues a request for a'specific'code or data
module to the stream I/0 adapter 208. Stream I/O adapter 208

35 relays this request to the packet data extractor 204.

Transport mecHanisijQﬁRoﬁTE;GQRE 1) supplies all of the
plurality of packet streams (32—3é 6% Figure 3) it carries to
the stream selector 202, which passes only the selected packet

40 stream. Auxiliary data extractor 204 monitors the selected
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stream a packet or packets containing a leeEF §Hﬂﬁﬂfﬁee$gﬂe and data
modul es currently being included in the data_erﬁén{*ié ‘The djjrectory ==
ingludes a list of all the code and datazsedul es which are present in the
data stregack#tosg rsaiy exteaoasi bheabmmilidmeda"mma&ﬂcetlsf faoth deckady is
present i t r PLy QF . C n 0 r edat a
nodul es f%o elh%%dgth%rmsta?g%ﬁ]kti?hgocf#gn?&g%%@g ]E&éf% rﬂc%%)rés?%t %% ggtfa 15
st ream f oF FQWREdLect Bagkephdatpackeractont 20 hisigritlarlyi mestisoys( she

portions ofeilehtcd b%%ﬁc@&y)st%smprsﬁ@ﬁcw {He Sl ffa@odteh%l‘ld?[ﬁ data
extracted, and their data stored in the main rrerméé t he cllent conput er

22. Vhen REUiS BECkS) Shasapesheeohpl Brel SEFRTRi /& 2dapden 8% agdnput er 22
eval uat es dupp ldRls’ it@en Rot hﬁeZQtrdaﬁerJlora{daﬁﬁ‘@d‘T I0ueshe dataf iihstheode

and/ or data ule fromth a siream ut| r.oceeds .as scri bed

Sbove anPisetire atHERE SrpEhe, SESERRL/Y AaRs Ao e SERR AR 8B g

function rdy &¢ht2d@ .by Whiee phekentsteeamueahq,s thaﬁn, retrieved from the
packet stream (which may require several packets, as described

10 above), processor 210 is notified of its receipt by the stream
I/0 adapter 208. Processor 210 may then continue execution of

its program.

The data stream in a distributed computing system

15 illustrated in FIGURE 1 is similar to a mass storage system in
prior art systems. An application program executing on the
processor 210 makes a request for a module listed in the
directory in the same manner that such a program would make a
request for a file containing a code or data module previously

20 stored on a mass storage device in a prior art system. The data
stream receiver 207 is similar to a mass storage device, and
stream I/O 208 acts in a similar manner to a mass storage
adapter on a prior art system by locating the desired data,
transferring it to a predetermined location (I/O buffer) in the

25 system memory and infdrming the processor of the completion of
the retrieval. However, the stream I/0 adapter 208 can only
retrieve code and data from the data stream; data cannot be
written to the data stream. '

As described above, the distributed computing application

30 may be divided into more than one code module, each containing
executable code for a different portion of the distributed
computing application. When a particular code module is
desired, processor 210 requests that code module from stream I/O
adapter 208. When execution of that module has completed,

35 processor 210 requests the next module from stream I/O 208.
Because code and data modules are repetitively carried on the
data stream, a module'may be deleted from RAM 212 when it is not
currently needed without the necessity of temporarily being
stored, because if it is required later, it may again be

40 retrieved from the data stream when needed. However, if RAM 212
p 1L RAM 212 =
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25 .and each of the client conputers 20 naygbﬁeﬁhﬁeié{”Fﬁéfommﬂspeeq,_
geferal Iy in response to the user 80. In order to:afteéwffor thils, the ~i%

server .10 repetitively places the direepary and~aff “the codé and data’
nodul es Vs hsufifd cileminicaparitlyer prafesayr r 2001 mey treursdtorsurdan m/por tion
of the digiiduy g, .04 30, (ungtion i nie the,daia, Sleeamon i
transport chani sm~30. eneverYone-of Sthe ¢ i €nt. conput er s jolns the
di stri butdk? confutihig faamcibieodonet hbant precessonadil( rent evtiddhp belcaeen

St r eam Onoddie dANNONICIRERANGIELAG EOF LiFedh! £RS Udafiililde o racts it,

8
and processes it as descri ove. During execution, 35 whenever one of
the cPi eRXERARuttdred Lromegher 8atenstaedBw code and/ or data nodule, it
nonitors the data streamon the transport nechanism 30 for the newy

eauirod code PRI RIS, oFKLETRE bolf e ELAT bR I T
above. 4(the system bus 216 in a known manner. For example, in an
interactive TV system, a graphics adapter may be coupled to
10 system bus 216. The graphics adapter generates signals
representing graphical images, in a known manner, in response to
instructions from the processor 210. Further, these signals may
be combined with the standard video signal produced by the video
decoder (described above) in the auxiliary data processor 50 of
15 an interactive TV system. When the graphical image
representative signal and the standard video signal are
combined, the resulting signal represents an image in which the
image generated by the graphics adapter is superimposed on the
image represented by the broadcast video signal. It is also
20 possible to selectively combine these two image representative
signals under the control of the processor 210.

An interactive TV syetem,'may also include a sound adapter

coupled to the system bus 216. The sound adapter generates a

25 signal representing a computer generated sound (such as music,
synthesized voice or other sound), in a known manner, in
response to instructions from the processor 210. Further, these
signals may be combined with the standard audio signal produced
by the audio decoder (described above) in the auxiliary data

30 processor 50 of an interactive TV system. When the sound
representative signal and the standard audio signal are
combined, the resultin§ signal represents the combination of the
sound generated by the sound adapter and the broadcast audio
signal. It is also possible to selectively combine these two

35 sound representative signals under the control of the processor
210.

The timing of the generation and display of the graphical
image and sound representative signals, mey be controlled by
40 receipt of the time code data from the data stream. This
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10 The packet data stream may al so include péﬂ:‘k%f‘s e‘f‘éﬂm-l"f\l ‘y data. This
data i's not required by the client conputerj 22 f f & uignn.@f the” code
although it nmay be related to the executZdon because the user 80 may ’
i nteract erehles meeree@mnblrﬂg qudsgmedude thesynrbrentsaptiterdsplrp et on

recei ved gy¥bbbaby. ?@ﬁ@raf@? i Sl Phels %ﬁ%hiﬁ%n' Bel Peokéssdt conputer 22

recogni zes t he auxi al’i/ data packets in the data streamon_the transport

mechani snSReEREEPat ttlfférﬁlﬂﬂ REoadeass vadequanfli avdidat althrb Sydhesn.
The auxi |pa§§iﬂﬁéat@r9ﬁ&$t$ﬁnﬂéé t5£é RPrRFaEses bEStHéCiS@téraéldﬂ?@ﬂﬂBnt ly of

the cljent c er 2%y the auyxiliar data esenfed t the user
b0C ¢ nnmpreetEin By fne OGN A7 shacialiba Rapkers b S
data stream which cause an interrupt of the code currently
executing in processor 210. Stream I/0 208 monitors the data
stream for such specialized packets, and generates an interrupt,

in a known manner, for the processor 210. Processor 210

10 responds to that interrupt, also in known manner, by executing
an interrupt service routine (ISR). This ISR may be used for
synchronization of the interactive TV application, or other

purposes.

15 A client computer 22 in a distributed computing system as
illustrated in FIGURE 1 does not need a mass storage device, nor
a large amount of RAM 212. Such a system decreases the cost of
a client computer, and increases the functionality of the lower

_ cost client computers. In addition, such a client computer has

20 the option of participating in a distributed computing function,
may join in the distributed computing function at any time (or
may drop out and return later), and may participate at its own

pace.
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(not shown) whi ch ma he cI éfm'ocbrrput'érv "22?“ JI‘ the.di spl-ay
devi‘ce (not shown) aﬁmmmm'm«"mﬂmp cli eh;_l@_‘_fg{drhbtﬁt«br 22 'may be “shared
mnth t he jary datxa processors tozﬁrovrﬁe asingtrenftormtion

di splay t ser 80. The auxiliary data processor 50 may have links to

other illustratwed elpenﬁrstt&ldolmbdsbbmp)ltebukyst\ah édmpieimrrd;ant upon the type
of data. 20Ina iLnter |ve i .a |I|
Bl 85 Y ot s ANSLE a1 AP Cend 1 0N iCH A3HE

i ncl udes the vidd&SYand audifo® po t10Rs ng ¥siOn Sl gn
For exanpldatat repaesenting dadasmwquh&mmmm@p@égmttsoo@naadn| ng

- MPEG, or  MPEG |4 '&q’le‘i‘a'%c%ﬁngugér di‘&éei@i’fiéséﬂé'&&at & ARV et ckIRge and

audi o Eackets contalnlng gitally encoded audi o. Further, there may
possi bPy pdes&istaibyte eF@ﬁPuﬁﬁH‘F ARREKGAL k9N daRresentatiyer €§E§CFF9@

audi o chane Hater stiream), af@cerRdcatih® tHe 3 :andctAd dilstributed
computing application.

2. The computer system of claim 1, further comprising an
auxiliary data processor; wherein:
the data stream source produces the data stream further
including auxiliary data; and
5 the client computer extracts the auxiliary data from the
data stream and supplieé it to the agxiliary data prqcessdr.

3. The computer system of claim 2, wherein:
the data stream source produces the data stream in the form
of a series of packets;
a first one of the series of packets contains data
5 representing the distributed computing application and includes
identification information indicating that the first one of the
series of packets contains data representing the distributed
computing application; and
a second one of the series of packets contains auxlllary
.10 data and includes identification information indicating that the
second one of the series of packets contains auxiliary data.

4, The computer system of claim 1, wherein:

the data stream source simultaneously produces a plurality
of continuous data streams, each repetitively including data
representing a respective distributed computing application; and

5 the client computer further includes a data receiver for

selectively receiving one of the plurality of data streams, and
extracting the distributed computing application representative
data included in the selected one of the data streams.

'/// .
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mul til anguage capability. In an auxiliary data prQegagen 50 i 30 such a
system the video packets mnuld be suppl&g to—=a lnﬂw&;waﬁéttgr simlar)-
decoder.(not s ) |ch mo rate t ndarg v% S|q9als whi ch
woul d be suppli®d to t%ﬁQRH & P&r ?19| eo b ?Er IR SHIAWAR

The audi o ¢uxikﬂ&rxmndutlpanmspbredWheralknomn audi o decoder (not shown)

whi ch woul d 35 ¢ @%%ﬁ%@a’ﬁp%%%r@:‘édhgoahgggl EndOatdCsd Rl Al diecel ver
or speakers (not sho n such an ihteractive TV system | ent
conput er 2PnGhAing, Fudddisy dataxetnti on of the executabl e code nDduIe 40

gener age gr aphihdli spients domputeR )éxltﬂ'E@{:Hﬁf:h@nalﬁﬁllzt&ylsdﬁtaBCfrom thk These
graphic d'é}ﬂa Y&t pin %%é“?ﬂ%p ?gsmﬁghtghghgtgggaflary data processor.

6. The computer system of claim 4, wherein:
the data stream source produces the data stream in the form
of a series of packets; _
a first one of the series of packets contains data
5 representing the executable code module and includes
identification information indicating that the first one of the
series of packets contains data representing the executable code
module;
a second one of the series of packets contains data
10 representing the data module and includes identification
information indicating that the second one of the series of
packets contains data representing the data module; and
a third one of the series of packets contains auxiliary
data and includes identification information indicating that the
15 third one of the series of packets contains auxiliary data.

7. The computer system of claim 6, wherein:

the data stream source produces the data stream further
including a directory module containing information related to
the code module; and

5 the client computer first extracts the directory module

from the data stream, then extracts the code module in response
to the information related to the code module in the extracted
directory module, and executes the extracted code module.
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signal.fromthe MPEG decoder in a known manner, and the conbi ned i nage

di-spl ayed on the tel evision recei-ver or video nDnltor The client conputer

22 .,may al so generate sounds to provide o2har 5 informatjon t _the'Mleﬂelxdet .

The generated sbundsThfyCPPUSHFVTEE™ PR RABHR ﬁan%%?reﬁRih ﬂhe StANdaRden

audi o signal s fumnddia atdieandecades, paadut:ée enehiaed sotsuh med 1 e
the tel evi Sfl n ree:%_(aelsver or i@gakers Furthernore, tinme code data
may be inclu : 8fh of the tel evi si on aUX|I|ary packet data
stream and t he qoeﬁ:ilmt dmeaoit tbgnsespeesehit pagkethe ¢ontmiasy idagaryv

appl i gt | GprU¥chiieigTiche SXBeltapigatban Madly HMPRMaddoes or sounds

generated:ﬂé%the client conputer 22 wth the television signal 15 fromthe

auxi | i ary et Hqﬁtﬂﬁps1€§§§maFh@ncFP@h?aE%ﬁﬁnﬁQﬂt:RP%MﬁﬂqfthQVQ 2&cE8e to

the tine e glicE pakket@ukdneaihsolatdergeresait iy ahd R&eguizpbile coage
and/ or soqu to occur at the desired tine, as supplied by the tinme code

dat a.

a second one of the series of packets contains data
10 representing the data module and includes identification
information indicating that the secornd one of the series of
packets contains data representing the data module;
a third one of the series_of packets contains data
representing the directory module and includes identification
15 information indicating that the second one of the series of
packets contains data representing the directory module; and
a fourth one of the series of packets contains auxiliary
data and includes identification information indicating that the
third one of the series of packets'contains auxiliary data.

20
9. The computer system of claim 8, wherein:
the data stream source produces the data stream further
including a data module end a directory module further contains
information related to the data module; and
5 the ciient computer further extracts the data module from

the data stream in response to the information related to the
data module in the extracted directory module and executes the
extracted code module to process the extracted data module.

10. In a distributed computer system, a client computer,
comprising: '
an input terminal, for receiving a continuous data stream
repetitively including data representing a distributed computing
5 application
a data stream receiver, coupled to the input. terminal, for
rece1v1ng the data stream and extractlng the distributed
computlng appllcatlon representatlve data, and
a processing un1t, coupled to the data stream receiver, for
10 receiving and executing the distributed computing application.
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20 In such an interactive TV system both the client conputer 22 and

the «@uxi liary data processor 50 may be contained in a single ench@ga*g, '

such as .a television receiver, or televi<d8n set-top decoder bgx—4aA —

t el evi si on receiller, The dadeder chmpu e | off |¢ﬂcdme1Q)omh@(negnsth&rTth€aangks BEE:

to a | ocal o] Saui prent. The user 80 providgs i npBEPEAGED
t he prograﬁ%rgﬁg%%ﬁg {m%ﬁ i é]‘gn? corrputer 22 during its executForm—Thrs

data may be req@i s¥&tpR bhérserver 10 in order to effect the distributed 30
gtr)geug g ng futnCE lretaﬁ/wlaa {n@ﬁ@fﬁ?téé’@p%é& BVes e sfyéuﬁe.mxwal ;e, user 80 may

[ input to the client c r throu handhe repote con
unit. The user éaFQtPssFFﬁﬁQfé$$§B? ?Fﬁqﬁa%gh rc SRLES %gkvesn éﬁgthe
central praﬁeassﬂgeéﬁcrécéyvéﬂ and rthenesyestend busnpt fodaracedvirgttheom t he

client CongﬁggéﬁFégtdﬁa eb?ﬁraeéoﬁéﬂqngéﬂéﬁgifgé%igﬂd§gErEQéﬂegei@gedata

t el ephone e cent
from the data stream receiver, and storing it in the read/write

memory; and
10 a processor, coupled to the system bus for executing the
distributed computing application stored in the read/write

memory.

12. The client computer of claim 10, wherein:

the input terminal receives the data stream as a series of
packets containing packets carrying the distributed computing
application representative data; and

5 the data stream receiver comprises a packet data extractor,

coupled to the input terminal, for extracting the packets
carrying the distributed computing application representative
data.

13. The client computer of claim 12, wherein:
the series of packets in the data stream further include
packets carrying auxiliary data;
the client computer further includes an auxiliary data
5 processor; and
the data stream receiver compriSes an auxiliary data packet
extractor, coupled to the auxiliary data processor, for
extracting the packets carrying the auxiliary data from the data
stream and supplying them to the auxiliary data processor.
10
14. The client computer of claim 13, wherein the
distributed computing system is an interactive television
system, and the auxiliary data is television video and audio.
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processi ng facility 60. The server conputer 10 receives arnf—processes=the=
datd received fromthe client conputers 20 during 40 exedutiFiénSOEET i8S BEEI:

PRI CA -l R RN AR A S e
generate new, o i , ’ _ :

stream on the tthespoputneeksbhsln 86ceives arpingfaldescidfbadthekeveakased on
| mmed at ef Sochy argh8ing hES Aedadne {olf o SebtiocRave” SESERIPHELS: her

di recti on CRABU§ANgharpdhecabiopr cardsing facility 60. The information in

new y gener at ed t6@dgagRdbRLe SRt e BOMM £ScdipAessed by all client |
computers 20 participating in the 10 distributed conputing function, while
i nf or mati on passed from -a data stream selector, coupled to the

input terminal, for producing a selected one of the
plurality of data streams in response to control
signals from the processing unit; and

10 a distributed computing representative
data extractor, coupled between the data stream
selector and the processing unit, for extracting the
distributed computing application representative data
from the selected one of the plurality of data

15 stréams.

16. The client computer of claim 15, wherein:
the data stream selector comprises a selection control
input terminal, and produces the selected one of the plurality
of data streams in response to a control signal at the selection
5 control input terminal;
the processing unit comprises:
a system bus;
read/write memory, coupled to the
system bus; '

10 ' a data stream input/output adapter,
coupled between the data stream receiver and the
system bus, for receiving the extraéted distributed
computing application representative data from the
data stream receiver, and storing it in the read/write

15 _ memory, and having a control output terminal coupled

' to the selection control input terminal of the data
stream selector, for producing the selection control
signal; and

a processor, coupled to the system

20 -~ bus, for controlling the data stream input/output
device to generate a selection control signal
selecting a specified one of the plurality of data
streams, and for executing the distributed computing

.\ 1 ] ) 1] »
. : .application stored in the read/write memory.
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the server conputer 10 to the client conputers 20 through thé ceﬂtxal
pr00653|ng facility 60 is specifically related to the client} conputéij}
24, '26) .to which that information was sem0- 15 I n anotﬁé?" T
embodi ment, theldent Thie sldeatsscamprber | of im0 i AtaFgdNit s own conput er
system separ at ehy qagaec#;egmmamm@e@ﬂé tcf!.%t@:':.lb@l&%dceﬁﬁbtﬁiﬁgZO and

t he server nput er through the t 4§ﬁ¥“3ne system

of the
above enbo&PBéhF§t19ﬂer€Bﬁ?? taohiRit ARG dﬁ?QGGHpFﬁsFHégg;Ecggée20 to
ot her conﬁmbaﬁafor proceSS|ng faC|I|t|es (not shown) via the tel ephone
system _Thus, if.info o0 fr QGHH% S ' e to
perforn?the di st Plb&?é g ?ln %ﬂ% |on oséﬁ%%kgﬁﬁgkégsgtgﬁgenay be
accessed vmadmdéenmanfr ough the telephone system by either the client
conputers 20 or (H1e ,38L¥8E1i4g uﬁﬂﬁfpé&@éué&s e i@l ode! mSupert on
the cli-ent conputer 22 I's coupled to a corresponding port on the | ocal
conputer 40. Local

18. The client computer of claim 17, wherein:

the input terminal receives the distributed computing
application representative data further includes a directory
module containing information related to the executable code

5 module; and _

the data stream receiver first extracts the directory
module from the data stream; ,

the processing unit then processes the information related
to the executable code module in the directory modulé;

10 the data stream receiver then extracts the executable code
module from the data stream based on the information related to
the executable code module in the extracted directory module;
and _ |

' the processing unit then executes the extracted executable

15 code module.

19. The client computer of claim 18, wherein:
the distributed computing application representative data
further includes a data module and the directory module further
contains information related to the data module;
5 the processing unit further processes the information
related to the data module in the directory module;
the data stream receiver further extracts the data module
from the data stream based on the information related to the
data module in the extracted directory module; and
10 the processing unit executes the extracted code module to
process the extracted data.

-
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conputer 40 is collocated with the cli ent conputer 22. Local Lib' Eo_f:f’ut iep B
40 fray be a personal conputer used by the user 80 of the cli nt“‘*‘t@- éﬂ“éflﬂ

22,, or mmy be a |arger conputer, or conpi@ler network | ocated at the sang
site as the cli@ft cBhpucdient. camputer |afuskaia di0 sherednptiber 22 to

access dal g, 9fr1bige 84! SRS 115 1Al o0 181 ol EaBE £RES! 5 OIPHL PILPlof?

conputer 35 qQn_the networ at the client conputer 22 Site.
addi ti on, PREULESenFeRERRRAEIND PoRlORSe ofhEnRaEBPLLBREYR 7024 J%th% I ocal
conput er 4ﬁr6@és§1@gaglel©fswe°s ton ke moddiuliegved katiarplhtaistyikely that

he | | ude both d h h
s a CompuUPSIERBT (AFCSHT U0 SRR ST SCRPLD REECLROWE BUeh ks a

conput er kapbdicatidwt h 13
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of these may be shared with the client conputer 22 and/or t
data processor 50, as described above. For exanple, the di
conputi ng systemillustrated 5 in Figure 1 may be part of |

ey
THBUE T HAS
wi desBlagdD

~corpoprate conputing system and the server 10 may be | ocat e A& ContTar=—=

| ocation of that corporation. The client_ gonputer 22 may be located at a
renote | ocation, and the |ocal conputer ﬁ may be coupl ed to the personal
conputer network at that |ocation. Wirkers at that 10 |ocation may store
shared data (e.g. financial ABSGRAGT OF) THR PRECERQIURH connected to that
network. The distributed conputing function may include gathering |ocal
financial data fromthe client conputers at the renote |ocations,
processing that financial datprerRIBETED CONPURER SYISTEMnhanci al results to
the 15 client conputers. |In such an application, the executable code
executed on the client conputer 22 accesses the data fromthe | ocal

comput er- 40 (eid hfrstfli®tields cBhbaebeds PBESm St #TRR- 105 which comprises
| a source (Z0) of a continuous data stream repetitively including
data representing a distributed computing application and a
client computer (22), receiving the data stream, for extracting
5 (207) the distributed computing application representative data
from the data stream,'and executing (224) the extracted

distributed computing application.

Fig 4
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t hrough the network) through the I/O port,. and sends i tfFFro—rHe—Server— —1.
-conputer 10 through the central processing facility 60.l| 20! SfieClcdfgSEEN |i
.conputer 10 continues its processing based on the informati oREPEAEERed fr}m
client conputer 22 (and other client conputers 20), and Teéturns the results
of that processing to the client conpiy ers 20 either through the central
Processing facility 60 or via the data streamon the transport nechani sm 25
30. In another exanple, the distributed conputing systemmay be an

i nteractive tel evision system broadcasting a hone shoppi ng show as the

di stributed conputing application. In such a case, 301hs auxiliary data
carries the vi nd audi o portion of the television g$ignal, whichjmy

- show ' ' perry—otteret—f-or—seies mMeSERVERude |bot h
|ive actors and overlaid graphics generated at the cenfral studio. (ode and
data fodul es nmaking up the interactive tel evision appli icl ude

FIG. 1

This Sheet Has Be

LTy



35 data about the products which will be offered for sale durin
Or partion of the show, and executabl e code to interact
the manner descri bed bel ow. Wen a viewer w shes to ord .
is pressed 40 on the TV renote control. This button si gﬁlals,l—h:eﬂ '

14 conputer 22 to display a series of 2¥hstructi ons and nenus necessary to
solicit the information necessary to place the order, e.g. the item nunber,
name and address of th®8~ . ewer, the nethod of payment the credit card

nu T~ netledn@s{c.” 5 TITé%eaﬁ\mtrTJ'éTl ons aré& generated in the client
cony aphf cs wm Ch are | Nt e _{i1@Bev,i si on ,video image. It
i's 7@%—'8 _e.t F—am ice\to qe gend8at ed
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and conbl ned W t h the teI evi si on aud| o either by voi cefover, 1
eepl aC| ng the tel evision audi 0. The viewer responds to tT\fé‘S H)

i nf ormation requested by the on-screen display and/or voice 1nstructions
has been entered by the viewer, it is3gent to a central conputer via the
nodemin the client conputer. An order confirmation nay be sent i-n the
other 15 direction fromthe central conputer. It is also possible that

per manent information about the viewer (i.e. the'name, address, nethod of
paynment and credit card nunber) may be preentered once by the vi r, soit
S Q.ec? to&ﬁc.i.:.th.a:.in.f.nr L.ON Lach  time an o%_is
plaﬁgﬁl into s stored in perman ylinthepqocgm

conput esg when an order is hat_informat&on is

retrieve ; ppen Mt em nunoer> and

transm’ttedtotha_q is ' LOCAL
DATA PROCESSOR
XTRACT

J =
20‘%' 1=V B
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25 further possible that, by means of:time codes, or ot Her.. cormands
inserted into the data stream
currently being offered for sale. In such a case, the viéwer, wrld NB

i i i St VT, e
ta or_q?r it by sinply pressing one buttop on the TV rermt'?e';___CQ_ﬁtl.‘r“();_[-_.__:.g_i.@% B
response, the 30

information related to the itemcurrently being offered for sale with the
previously stored personal inf @rgekimrevetatrarrEROSTSEEW i ewer, and transmit
the order to the central computer and receive the confirmation in return.

35 Because the code and data .nodul es related to_the honme shoppin rogram
are repetitively i"H?ePf%ﬁe'?tnt"B"?ﬁ‘éi%’afﬁkg‘ierseéﬁ] aa&/ﬁeg\%é?eﬁ%eylpgung Pntg t he

program at anyistribusind ¢ompates YSYSINt | S PeCPMRERAC YN hasinilarly, it
I'S not necgssap¥ifddtion in broadcast multimedia applications.

Early computer systems were standalone systems, consisting

generally of mainframe computers. Later, several mainframe

computer systems were closely connected, or clustered, to handle

10 larger computing jobs, such as a large number of time sharing

users. With the advent of personal computers, large numbers of

relatively low power standalone computer systems were controlled

directly by their users. Soon these large numbers of personal

computers were coupled together into networks of computers,

15 providing shared resources and communications capabilities to

the users of the individual personal computers and between those
users and the preexisting mainframe computers.

One form of such a network includes a central computer,

called a server, which generaily includes a large amount of mass
storage.

20

Programs used by the network users are centrally

stored in the mass storage on the server. When a user desires

to run a program, the user's computer requests that a copy of

that program be sent to it from the server. In response to that

25 request, the server transfers a copy of the program from its

mass storage to the main memory of the personal computef of that

user, and the program executes on that personal computer. Data

also may be centrally stored in the server and shared by all the

users on the network. The data is stored on the mass storage of

the server, and is accessible by all the network users in
response'to a request.

30

The server also serves as a hub for
communications of messages (electronic mail) between network
users The server in such a system handles the storage and
distribution of the programs, data and messages, but does not

contribute any processing power to the actual computing tasks of
any of the users.

35

I.e. a user cannot expect the server computer
to perform any of the processing tasks of the program executing

on the personal computer. While such networks perform a

valuable function, they are not distributed computing systems,

the client conmputer will Know which i'temis

client conputer can combine the previously receivéd "



15 the viewer to participate interactively,

but may si npl re-the
I nteractive portion of the show It is also possible for En&"cnaeﬁt" '
conputer 22 to receive 5 control information fromthe aI co u§ﬁv ﬁgs {
For exanple, the user 80, using the | ocal conputer 40, could «COM S
client" conputer 22 via the 1/0O port to sel ect a desired ohe of “thé data
streans on transport mechani sm 30, and process the programcurrently being
broadcast on Rhafnsdat Qnééf&ﬁmec%& heohBut e QoL ide Wol Pelftimiscsidifle

t hrough t he |nFHgngnd ? put devices (not shown) connected to the |ocal
conputer 40. Ft 5§ Tur ﬁer

possi ble for the user 80 to cause the client
conmputer 22 to access the server conputer 10 through the central 15

processing facilitin@dh impsoeandfteyisuchheedairksst tlemmegmork may be
5 configured in such a manner that a user on the network may

request that the server, or other personal computer connected to

the network, execute a program. This is termed remote execution

because a computer (server or other personal computer) remote
from the requester is executing a program in response to a

10 request from the requester. In such a system, the program of

which remote execution is requested is either sent from the

requester to the remote computer, or retrieved from the server

in response to a request by the remote computer. When the

program is received, it is executed. 1In this manner several

computers may be enlisted to cooperate in performing a computing
function.

15

Recently, there have been programs which distribute the’
actual computing tasks necessary for performing a single

20 computing function. For example, in such a data base program,

where the data base is stored in the mass stdrage of the server,
if a user desires to make a query of the data base, the portion
of the data base management program on that user's personal
computer will generate a query-request, which is forwarded to

25 the server. The portion of the data base management program on
the server performs the query processing, e.g. parsing the query
request, locating where the data specified in the query request
resides on its mass storage device, accessing that data, and
sending the results back to the requesting personal computer

30 over the network. The portion of the data base management
program on the personal computer then processes the data
received from the server, e.q. férmatting it, and displaying it

on the screen or printing it on a printer. While the server is

processing the query request, the personal computer is free to
perform other processing, and while the personal computer is

"generating the guery request, and processing the resulting data
received from the server,

35

the server is free to process query
requests from other personal computers.



transport nechani sm 30, and receive code and data nodul gs=H-a—this —
bidirectional link. FIGURE 2 is a block diagramill ustr @t Rog. ACHEINEBHEE :
conputer 20 10 as illustrated in FIGURE 1. In FIGURE 2, a sour of i
di stributed conputing application code and data 101 i ncljupgs ::aﬂ..&é.\ﬁl]gaﬁli.or
conpi |l €&r, and software nmanagenent nodul e (not' shown) and:hasanseutput=r===*
termnal coupled to an input termnal of a flow builder 102. An out put
termnal of flow builder 102 is 25 coupled to an input termnal of a
transport packetizer 104. An output term nal of transport packetizer 104
I's coupled to a fiOtdleri nppes tef Progkans arepadiset amendhlel ererthilO@&ypAnodut put

termnal of packsliyibhl e @ inkQ6cbin&PUliRACL Qe Al RRMbut E1dT N3heOF @
transport nultiplexer 1% . An_out 3ut term nal of 30h trans§0{t nmul gl Fl exer
110 i s coupl eﬁh*[)’ol‘t%é’fp 8&%’5‘?“&5 PANFHEIG REEUFP NS PSAERBR T FREPRERFsm 30
(of FI GURE 1) and\ ecsedvenpimpravesi hhe evensddk effhcienqy efeecoms ing coupl ed

t0 a source across the network.

Such client-server computer systems, and
remote execution networks, may be termed distributed computing
systems because several computers (the server and/or thé
respective peripheral computers) cooperate to perform the

computing function, e.g. data base management.
10

Recently, broadcast multimedia programs, more specifically,
interactive television (TV) programs, have been proposed.
Interactive TV programs will allow a viewer of a television

program to interact with that progfam. In an interactive TV

15 system, the central broadcast location (TV network, local TV

studio, cable system, etc.) will have a central computer,

corresponding to the server computer, which will produce signals ,
related to the interactive TV program to be broadcast
simultaneously with the TV (video and audio) signals. These
signals carry data representing the interactive TV program and

may include commands, executable program code and/or data for
controlling the viewer interaction.

20

Each viewer location will
‘have a computer,_corresponding to the client computer, which
will receive the commands, executable code and/or data from the

25 central computer, execute the executable code, process the

received data, accept input from the user and provide data to

the user by means of the TV screen. The input from the user may

be sent back to the computer at the broadcast locationt allowing

the user to interact with the interactive TV program. .
30

U.S. Patent 4,965,825, SIGNAL PROCESSING APPARATUS AND_
METHODS, issued Oct. 23, 1990 to Harvey et al., describes an
interactive TV system in which a central broadcast location
includes signals carrying commands, executable code and data in,
35 for example, the vertical blanking interval of the television
signal for receipt by the computer systems at the viewer
locations. A computer at the viewer location extracts the
commands, executable code and data and executes the code to
process the data and interact with the user. Such a system is

40 comparable to the remote execution function of distributed



of auxiliary data packets 107. A clock 109 has respecti verotatpatr=terninatS=—;
coupled to corresponding input termnals of the 35 tran ,EU"'T:f?’é—-f:’aﬁéﬂ(’fétii?z:‘emﬁr ffr
104 and auxiliary data source 107. A data transceiver 108 has ,a U&ir |
bi directional term nal coupled to the ceatral processing of H'Ciii-'r?-iﬁ-&- Omsggf ...... ¥
FFGUREi1) and a second bidirectional data coupl ed to the application code*
and data source 101. 16 Application code and data source 101, flow

buil der 102, transport packetizer 104, auxiliary data source. 107, clock 109

and packet Y LLPLEXSYstE, BBsELIBUNaLLAL, fPkKad ERENRIwesOUbASuIS foOr
the transport mechani

sources, | ndisuﬁf‘ﬁbsg?‘i\n"}"é::"l %g%%%%%§%§¥g R?‘Sphr%%rém, Pga'fh cofittS ;ec(pannel

by the central location.

In all of the above systems, a céntral computer controls or

responds to requests from peripheral computers attached to it

through a network. I.e. the peripheral computer (personal

computer) requests remote execution of a program, requests a

file or message from, or sends a query request to, another

10 computer. Only in response to a request does the other computer

provide a response, e.g. remote execution, the requested file,

méssage or retrieved data. In addition, in general, the
peripheral computer is required to have all the resources
necessary to completely, or almost completely, execute the

15 desired program, with the server acting only as another storage

mechanism. or at most sharing a portion of the computing tasks.

The inventors herein propose a distributed computing system
in which a server computer continuously produces a data stream.

This data stream acts a mass storage device for the client
computers receiving it.

20

This data stream repetitively includes
data representing a distributed computing application in which

the client computer may participate, including executable code

and data. A transport mechanism, including a high speed, one-

way, communication path, carries the data stream from the server
to the client.

25

The client receives the data,stream, extracts
the distributed computing representative data and executes the
~ distributed computing application.

30 - In accordance with principles of the present invention, a
distributed computer system comprisés a source of a continuous
"data stream repetitively including data representing a

" distributed computing application and a client computer,
receiving the data stream, for extracting the distributed

35 computing application representative data from the data stream,

and executing the extracted distributed computing application.

In a distributed computing system according to the

invention, the client computer system need not include all the

40 resources, in particular, main memory and mass storage,



et |

those illustrated in channel source 108 but not shown in

r:’b,s':ia:r eHEET
represented by anot her dashed box 108a. The ot her channel so’urc—es 8‘9
have output term nals coupled to other input termnals of] the. _%\gr ........

QLS rermesroner

mul tipl exer 110, and may have 10 inputsterm nals couple
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This data may D&, SHRRINEEYs Chédedt Ib@cwge f&w eﬁefémserﬁqot ak&dutdngat a
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dynam cal Iy, baged @, idNUthe ORI \dcht 0hG e tibheld HAFRULEE SErthh ¥ha the
central corrputl ng facilit

stream, %tored in the freed memory space, and that portion
begins execution.
10
In addition, a distributed computing system according to
the- present invention allows the user of the client computer to
have the option of participating in the distributed computing
task. If it is desired to participate, the client computer
15 extracts the data representing the distributed computing
application and executes the distributed computing application,
as described above. If it is desired not to participate, the
data stream is merely ignofed, and the processing desired by the
user, or none at all, is performed. Such a distributed
20 compﬁting system also allows each participating client éomputer
to join the distributed computing function at any time and to
proceed at its own pace in performing its own computing
function. '
A distributed computing system according to the present
25 invention is particularly amenable to interactive TV
applications because it allows a viewer to tune into an
interactive TV channel at any time, join in the interactivity
whenever desired (or not at all), and allows all the viewers to
proceed at their different paces. This is especially
30 advantageous in an environment when an interactive commercial,
with its own executable code and data, may be presented within
an interactive program, or when the viewer wishes to change
channels,

BRIEF DESCRIPTION OF THE DRAWING
35 In the drawing:
FIGURE 1 is a block diagram of a distributed computing
system according to the present invention;
FIGURE 2 is a block diagram of a server computer &s
illustrated in FIGURE 1;
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60 and/or other sources. The execut abl e code and data rmd_ IS oS g "ba”f i
generated by a conpiler, interpreter or assenbler 25 in a knowa Nevnm? ;
response to source Ianguage programmi ng by an application; progt.anie ﬁ ﬂa_
‘data file related to the transm ssion & the nodul es includes~such- - = =~
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menory in tRFIuSsH b éfo?rpiﬁ"e‘fesr SETPRLRK ridd 2t §istpiutede foRpYking sys§ero
conpl et el y - execiitlasttiretappin ENGUBB program a priority level for the

module, if it is @rauegeanPEdul &1 ddkCaikbrn IF Ldel 1d02 Qimppeasesst he data
fromthe appl cation 35,source 1Q1. In"response, flow builder 102

constructy al ‘T‘5‘:*5\‘5(:’:[""(59;9l FrBdﬁ?%UREgulw ng an overall picture of the application
program The information in the directory nodule includes e.g. the

i dentification ofppddre Re g0 Atk daLgraMBA @S RSt PEbUEREbhbYel Vg
transmtted in the data stream their Size an
system according to the present invention. In FIGURE 1, a

server computer 10, which may include a large computer system,

10 is coupled to a plurality of client computers 20 through a
transport mechanism 30. The sexrver computer 10 may be coupled
to more than the three client computers 20 illustrated in FIGURE
1, and the client computers 20 may be geographically widely
dispersed. Client computer 22 is bidirectionally coupled to a

15 local computer 40, to an auxiliary data processing system $0 and

' to a central processing facility 60. The central processing

facility 60 is bidirectionally coupled to the server computer

10. The central processing facility 60 may also be connected to

facilities other than the sexrver computer 10 illustrated in

20 FIGURE 1. The local computexr 40 is further bidirectionally
coupled to a mass storage device 70. The client computer 22
interacts with a user 80 by providing information to the user
via a display screen or other output device (not shown) and by
accepting information from the user via a keyboard or other

25 input device (also not shown).

Client computers 24 and 26 also interact with their users,
(not shown in order to simplify the drawing). 1In addition,
~client computers 24 and 26 are bidirectionally coupled to the
30 central processing facility 60. Such links are optional,
however. The only requirements for any client computer 20 is a
way to interact wiéh a user, and a connection to the transport
mechanism 30. Links to local computers, auxiliary data
processing systems, and the central processing facility 60 are

35 all optional, and need not be present in every one of the client
computers 20. ?

The transport mechanism 30 includes a unidirectional high
speed digital data link, such as a direct fiber optic or digital
40 satellite link from the server 10 to the client computers 20.



40 possibly other information related to those nodul es. || FREHEHEENT SHEET
appl i cation program representative data is processed to

ener at e. \
and data nodul es. The directory, code and data nodul es t ug (r:onSt}r)EIgQ#th%_g
formatted by addi ng nodul e headers and grror detection and/ or correction
codes to each nmodule. A 5 transmission schedule is also generated. After
this processithf |°§té‘oﬁﬁ¥e‘?% transPRated rafsite $BAtL FRANIRRFSYEERB 3P Mydal e and
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etlzer ener at es stream o ack et
her things, the type of data contained in that packet and the

5 actual data, is transmitted through the data link. Such a

packet data system allows several independent streams of data,
each identified by identification information in their packets,
to be time multiplexed within a single stream of packets.

10 In addition, it is possible to multiplex a plurality of
such packet data streams over respective channels on the same
physical medium (fiber optic or. satellite radio link) making dp
the transport mechanism 30. For example, different data streams
may be modulated on carrier signals having different

15 frequencies. These modulated carriers may be transmitted via
respective transponders on a satellite 1link, for example.
Further, if a particular transponder has sufficient capacity, it

is possible to time multiplex several data streams on a single
modulated carrier.
20

The client computers 20 each contain a data receiver for
selecting one of the streams of packets being transported over
the transport mechanism 30, receiving the selected stream of
packéts and extracting the data contained in them. Continuing

25 the above example, the data receiver may include a tunable
demodulator for receiving one of the respective modulated
carriers from the satellite link. 1In addition, the data
receiver may include circuitry for time demultiplexing the
respective data streams being carried by that modulated carrier.
30

In operationq the server 10 produces a continuous data
stream in the form of a stream of packets for the client
computers 20. The server 10 repetitively inserts a packet, or
successive packets, containing data representing the distributed

35 computing application, including at least one executable code
module, into the data stream. This code modulé contains
executable code for the client computers 20. The data receiver

in, for example, client computer 22, continuously monitors the

packets in the data stream on transport mechanism 30. When a

40 packet including identification information indicating that it
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There may be more than one code module placed in the

continuous data stream, each containing a different portion of

the distributed computing application. For example, it is

possible to divide the distributed computing application into

small portions in such a manner that only one portion at a time

need be executed at a time. The portion of the distributed

computing application currently needed to execute is loaded into

the memory of the client computer 22. When that portion has

completed its execution, then a code module containing the
-executable code for the_next portion of the distributed

computing application is extracted from the data stream, stored
in memory and executed.

Each portion is extracted from the data
stream as needed.

If there is sufficient memory in the client
computer 22, it is'possible to load several code modules into

the memory and switch between them, without extracting them from

the data flow, but this is not necessary. By structuring a

distributed computing application in this manner, the required
memory size of the client computer 22 may be minimized

The server 10 may also repetitively include a packet or
packets containing one or more data modules in the data stream.

The data modules contain data to be processed by the executable

code in the code module. Prior to, or during the execution of

the code from a previously extracted code module, the client

computer 22 may require access to the data in the data module or

modules. If so, the client computer 22 monitors the data stream

for the required data module or modules. When packets

containing the data module or modules (or portions of the data
module or modules) are present in the data stream, they are

extracted, and the contents stored in the main memory of the

client computer 22. When all the required data modules have

been completely received, the client computer 22 hegins or

1 &t predet aryamed |
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The server 10 may further'repetitively include in the data
stream a packet or packets containing a directofy of the code
and data modules currently being included in the data stream.

10 The directory includes a list of all the code and data modules
which are present in the data stream, along with information'
about those modules. 1If a directory is present in the data
stream, then, prior to extraction of any code or data modules
from the data stream, the client computer 22 monitors the data

15 stream for the directory. When packets containing the directory
{or portions of the directory) are present in the data stream,
they are extracted, and their data stored in the main memory of
the client computer 22. When the directory has been completely
received, the client computer 22 evaluates the entries in the

20 directory, then requeéts the first code and/or data module from
the dat§ stream and execution proceeds as deécribed above.

Any of the client computers 20 may join the distributed
computing function repfesented by the packet stream at any time,

25 and each of the client computers 20 may operate at its own
speed, generally in response to the user 80. 1In order to allow
for this, the server 10 repetitively places the directory and
all the code and data modules which the client computers 20 may
require to perform their portion of the distributed computing

30 function into the data stream on the transport mechanism 30.
Whenever one of the client computers 20 joins the distributed
computing function, it monitors the newly selected packet stream
on the transport mechanism 30 for the directory module, extracts
it, and processes it as described above. During execution,

35 whenever one of the client computers 20 requires the a new code
and/or data module, it monitors the data stream on the transport
mechanism 30 for the ﬁewly required code and/or data module,
extracts it and either exzecutes it, if it is a code module, or

processes it if it is a data module, as described above.
40 '
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recelved auxiliary data. The data stream receiver in the client
computer 22 recognizes the auxiliary data packets in the data

stream on the transport mechanism 30 and passes them directly to
the auxiliary data processor 50. The'auxiliary data processor

10 50 processes its packets independently of the client computer
22. If the auxiliary data must be presented to the user 80, the
auxiliary data processor 50 may provide its own display device
(not shown) which may be shared with the client computer 22, or
the display device (not shown) associated with the client

15 computer 22 may be shared with the auxiliary data processor 50,
to provide a single information display to the user 80. <The
auxiliary data processor 50 may have links to other illustrated

elements (not shown), but that is dependent upon the type of
data.

20

In an interactive TV system, for example, the auxiliary
data includes the video and audio portions of the underlying
television signal. For example, the auxiliary data would
include video packets containing MPEG, or MPEG-like, encoded

25 data representing the television image and audio packets
containing digitally encoded audio. Further, there may possibly
be several different audio packet streams carrying respective
audio channels for stereo, second audio program (SAP) or
multilanguage capability. In an auxiliary data processor S0 in

30 such a system, the video packets would be supplied to a known
MPEG (or similar) decoder (not shown) which would generate'
standard video signals, which would be supplied to a television
receiver or video monitor (not shown). The audio packets would
be supplied to a known audio decoder (not shown) which would

35 generate standard audio signals for the television receiver or
spéakers {(not shown).

In such an interactive TV system, the client computer 22
may, in response to execution of the executable code module,
40 generate graphic displays to supply information to the user 80.
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the audio decoder, and the combined sound played through the
television receiver or speakers.

10 - Furthermore, time code data may be included in either or
both of the television auxiliary packet data stream and the
packet data stream representing the interactive TV application.
This permits synchronization of any graphic images or sounds

generated by the client computer 22 with the television signal

15 from the auxiliary data. In this case, the client computer 22

would have access to the time code data, and would control the
generation of the graphic image and/or sound to occur at the
desired time, as supplied by the time code data.

20 In such an interactive TV system, both the client computex

22 and the auxiliary data processor 50 may be contained in a
single enclosure, such as a television receiver, or television
set-top decoder box. A television receiver, or decoder box

would include connectors for attaching to a local computer or
25 other equipment.

The user 80 provides input to the program running on the
client computer 22 during its execution. This data may be
required by the server 10 in order to effect the distributed

30 computing function. In an interactive TV system, for example,
user 80 may provide input to the client éomputer through a
handheld remote control unit.

Thé user data is transferred to the server computer 10 via
35 the central processing facility 60. In one embodiment, data is
sent from the client computers 20 to the server computer 10 via
modems through the telephone system acting as the central
processing facility 60. The server computer 10 receives and
processes the data received from the client computers 20 during

40 execution of its portion of the distributed computing function.
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immediately return information to the client computers 20 in the
other direction through the central processing facility 60.
information in newly generated code and/or data modules is

processed by all client computers 20 participating in the

The .

10 distributed computing function, while information passed from

the server computer 10 to the client computers 20 through the -

central processing facility 60 is specifically related to the

client computer (22, 24, 26) to which that information was sent.
15 In another embodiment, the central processing facility 60
" may include its own computer system, separately connected by

modem to both the client computers 20 and the server computer 10

through the telephone system. 1In either of the above

enbodiments, the central computing facility 60 provides access

20 to other computers or processing facilities (not shown) via the

telephone system. Thus, if information from other computer

systems is needed to perform the distributed computing function,
those computer systems may be accessed via modem through the

telephone system by either the client computers 20 or the server
25 computer 10.

An input/output (I/O) port on the client computer 22 is
coupled to a corresponding port on the local computer 40.

Local
computer 40 is collocated with the client computer 22.

Local
30 computer 40 may be a personal computer used by the user 80 of
the client computer 22, or may be a larger computer, or computer
network located at the same site as the client computer 22.

This alléws_the client computer 22 to access data on the
attached mass storage 70 of the personal computer or a computer
on the network located at the client computer 22 site.
addition, the client computer 22 may use the

the local computer 40 for storage of data to

35 In
mass storage 70 of

be retrieved later.
It is likely that the local computer 40 will include both an

output device (not shown) such as a computer monitor and an

40 input device (also not shown) such as a computer keyboard. Both
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the application is programmed, and may be varied 10 during'the é&xecmti:o
the application. In the next series of packets 34, the |efitmost packet .
contains auxiliary data, AUX. The ne two packets contain respective
‘portirons of a code nodule (CML, CMR). "The l|-ast packet 15 contains auxiliary
data, AUX. Fromthe series of packets 34 it can be seen that if a code
nodule is too large to be contained in a single packet, it nmay be carried

by nore than one, with each packet containing a portion of the code nodule.
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cont ai ni ng thelcode gqgule %CNH CM%%, any, nunbgr ofcfackets may be used to
carry the GSE&LMBENIX T HEFETGTRGT uptn 3% Se8F5EPIHPHRy packets carrying
the code nodule, (CML, CM2) are repetitively transmtted (not shown)

in the
series of packetrpr3éxampléletid Redt aDOMEd computing system illustrated
S in Figure 1 may be part of a widespread corporate computing
system, and the server 10 may be located at a central location
of that corporation. The client computer 22 may be located at a
remote location, and the local computer 40 may be coupled to the
personal computer network at that location. Workers at that
10

location may store shared data (e.g. financial information) on

the server connected to that network. The distributed computing

function may include gathering local financial data from the
client computers at the remote locations, processing that

financial data and retﬁrning overall financial results to the

15 client computers. In such an application, the executable code

executed on the client computer 22 accesses the data from the

local computer 40 (either from its attached mass storage 70 or
through Ehe network) through the I/0 port, and sendé it to the
server computer 10 through the central processing facility 60.

20 The server computer 10 continues its processing based on the

information received from client computer 22 (and other client

computers 20), and returns the results of that processing to the

client computers 20 either through the central processing

facility 60 or via the data stream on the transport mechanism
25 30,

In another example, the distributed computing system may be

an interactive television system, broadcasting a home shopping

show as the distributed computing application. In such a case,

30 the auxiliary data carries the video and audio portioh of the

television signal, which may show and describe the items being

offered for sale, and may include both live actors and overlaid

graphics generated at the central studio. Code and data modules

making up the interactive television application may include

data about the préducts which will be offered for sale during
this show, or portion of the show,

35

and executable code to
interact with the user in the manner described below.

When a viewer wishes to order an item, a button is pressed

40 on the TV remote control.

This hutton signals the client
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method of payment, the credit card number (if needed), etc.
These instructions are generated in the client computer as

graphics which are overlaid on the television video image. It

is also possible for a computer generated voice to be generéted
and combined with the television audio either by voice-over, or

by replacing the television audio. The viewer responds to the

instruction by providing the requested information via the TV

remote control. When the information requested by the on~screen

display and/or voice instructions has been entered by the

viewer, it is sent to a central computer via the modem in the

client computer. An order confirmation may be sent in the other

direction from the central computer.

It is also possible that permanent information about the
viewer (i.e. the name, address, method of payment and credit
may be preentered once by the viewer, so it is not

solicit that information each time an order is

card number)
necessary to
placed. The information is stored in permanent memory in the
client computer. 1In such a case, when an order is placed, that
information is retrieved from the permanent memory, appended to
the item number and transmitted to the central computer. It is
further possible that, by means of time codes, or other
commands, inserted into the data stream, the client computer
will know which item is currently being offered for sale. 1In
such a case, the viewer will be able to order it by simply

pressing one button on the TV remote control. In response, the

client computer can combine the previously received information
related to the item currently being offered for sale with the
previously stored personal information related to the viewer,

and transmit the order to the central computer and receive the
confirmation in return.

Because the code and data modules related to the home
shopping program are repetitively inserted into the data stream,

a viewer may tune into the program at any time and be able to

participate interactively. Similarly, it is not necessary for

i
i

|
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contained in a single packet, it may be carried by nore t
wi th each packet containing a portion of the data nodul e.
packets are illustrated in the seriesi® e
data nodul e (DML, DM2), any nunber of packets nmay be used to carry the data
nodul e, dependi ng upon its size.

It may be further seen that the packets
carrying the data nodul e need not be transnmtted sequentially, but may have

i ntervening packets in the packet 10 stream The same is true for
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It is also possible for the client computer 22 to receive

S control information from the local computer 40. For example,
the user 80, using the local computer 40, could control the
client computer 22 via the 1/0 port to select a desired one of
the data streams on transport mechanism 30, and process the
program currently being broadcast on that data stream, with

10

interaction with the user 80 through the input and output
devices (not shown) connected to the local computer 40.

It is further possible for the user 80 to cause the client

computer 22 to access the server computer 10 through the central
15 processing facility 60,

transport mechanism 30,

this bidirectional 1link.

instead of via the data stream on

and receive code and data modules via

FIGURE 2 is a block diagram illustrating a server computer
10 as illustrated in FIGURE 1. In FIGURE 2, a source of

_distributed computing application code and data 101 includes an
application compiler,

20

and software management module (not shown)

and has an output terminal coupled to an input terminal of a

flow builder 102. An output terminal of flow builder 102 is

25 coupled to an input terminal of a transport packetizer 104

An
output terminal of transport packetizer 104 is coupled to a

first input terminal of a packet multiplexer 106 An outpué
terminal of packet multiplexer 106 is coupled:-to an input

terminal of a transport multiplexer 110. An output terminal of

transport multiplexer 110 is coupled to the physical medium
making up the transport mechanism 30 (of FIGURE 1)

30

A second
input terminal of packet multiplexer 106 is coupled to a source

of auxiliary data packets 107. A clock 109 has respective

output terminals coupled to corresponding input terminals of the
35 transport packetizer - 104 and auxiliary data source 107 A data

transceiver 103 has an first bidirectional terminal coupled to
the central processing facility 60 (of FIGURE 1) and a second

bidirectional data coupled to the application code and data
source 101,



. . - EPLACEMENT ‘"
contains data representing the directory (DIR). The next ﬁfcl%’éf’ﬁ?f%m SHES i

contains data representing a code nodule (CM, followed DY B _p@gkqgv ’ i
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(DR),: a code nodule (CM and a data nodule (DM in a single packet stream
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extract or 20¢no§ecéabp§gqu§Q|*§ channel source 108 but not shown in FIGURE
1, are represented by another dashed box 108a. The other

channel sources (108a) have output terminals coupled to other
input terminals of the transport multiplexer 110, and may have

10 input terminals coupled to central processing facilities through
data transceivers.

In operation, data representing the distributed computing

application program, and data related to the transmission of the

15 program over the transport mechanism 30 are supplieq to the flow
builder 102 from the application source 101. This data may be
supplied either in the form of files containing data )
representing the code and data modules, or by scripts providing
information on how to construct the code and data modules, or

20 other such information. The code and data modules may be
constant or may change dynamically, baséd on inputs received
from the client computers 20 via the central computing facility
60 and/or other sources. The executable code and data module
files may be generated by a compiler, interpreter or assembler

25 in a known manner in response to source language programming by
an application programmer. The data file related to the
transmission of the modules includes such information as: the
desired repetition rates for the directory and the code and data
modules to be included in the data stream; the size of main

30 memory in the client computers 20 required to store each module,
and to completely execute the application program; a priority
level for the module, if it is a code module, etc.

Flow builder 102 processes the data from the application
35 source 101. 1In response, flow builder 102 constructs a
directory module, giving an overall picture of the application
program. The information in the directory module includes e.g.
the identification of all the éode and data modules being
repetitiVely transmitted in the data stream, their size and

410 possibly other information related to those modules. Then the
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thus constructed are formatted by adding module headers and
error detection and/or correction codes to each module. A

5 transmission schedule i& also generated. After this processing

is complete, the data representing the directory module and the
code and data modules are repetitively presented to the

transport packetizer 104 according to the schedule previously
generated.

10

The transport packetizer 104 generates a stream of packets
representing the directory module and the code and data modules
as they are emitted from the flow builder 102. Each packet has
a constant predetermined length, ana is generated by dividing

15 the data stream from the flow builder into groups of bits,
adding a packet header with information identifying the

and

information contained in the packet, and an error detection
and/or correction code, etc., to each group, such that each
packet is the same predetermined length. (If there is

20 insufficient data from the flow builder 102 to completely £ill a
packet, the packet is padded with null data.) These packets are
time multiplexed with the auxiliary data packets, in a known
manner, to form a single packet stream in the packet multiplexer
106. It is also .possible for the generated packets to have

25 varying lengths. In this case, the packet header for each
packet will contain the length of that packet. In addition,
time code data packets are placed in the data stream packets

and/or the auxiliary data packets based on data received from
the clock 108.

30

Packet streams from all of the channel sources (108,108a)
are multiplexed into a single transport channel, which is
transmitted through transport mechanism 30. As described above,
the packet streams may be frequency multiplexed by having each

35 packet stream modulate a carrier signal at a different
frequency, with all of the carriers being carried by a satellite
link to the client computers 20, in a known manner. In
addition, if there is sufficient capacity within one carrier
channel, several packet streams may be statistically time

40 multiplexed, and used to modulate a single carrier, also in a
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Ao pser 80; and ED em 222, cougJCed, t.0 tpetlotcentral
processing fadtePisd R FICEORE 154t 1YP b= tBD'eR 852 nt ' §7Fem bus
216 in a knowthrengbra sitmle sagpléite (igk.shown) may be coupled to system
bus 216 to provide other capabilities to the processing unit 224. 15
As descri bed above xiLLary dat.a _extractaor 20 |/O.part 218 and nodem
222 are nofs r equi reng%%n%lé&gltlyheen%légﬂ%u?%'?p“%ﬁrgcggr‘('ﬁang&\eocfa'ﬂéeLr?)ffiesent
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addi tional funsédgatald 18. bgQhe data tPafRNiFeir0N03 PraRss fhy2dfcide its
processing unlénggiocessor (not shown). If an immediate response is

generated, the transceiver 103 processor returns that response
10 wvia the central processing facility 60 to a specific client
computer (22-26), a specific set of the client computers 20 or
to all client computers 20 in their turn. 1If, however, a common
response to all client computers 20 is desired, the application
programmer may amend the code and data files in the application
15 code and data source 101 using the application compiler. These
amended files are then processed by the flow builder again to
generate another flow. It is further possible that the code and
data files in the application source 101 may be amended
automatically and dynamically (i.e. in real time) in response to
20 data received from the transceiver 103, and the flow updated as

the data is being received from the client computers 20.

FIGURE 3 is a timing diagram illustrating the data streams
produced by the server computer 10 in a distributed computing
25 system as illustrated in FIGURE 1. In FIGURE 3 server computer
10 is shown as simultaneously producing a plurality of packet
streams 32~-38. Each packet stream (32-38) is shown as a
horizontal band divided into packets having the same duration
and number of bits. As described above, it is possiblé that the
30 size of the packets within any packet stream vary with the
amount of data to be carried. In FIGURE 3 it can be seen that.
the starting times of the packets are not synchronized. It is
possible to synchronize the packets, but it in not necessary.
In FIGURE 3, packets carrying data representing directories are
35 designated DIR, packets carrying data representing code modules
are designated CM, packets carrying data representing data

modules are designated DM, and packets carrying auxiliary data
are designated AUX.
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supplies all fquliBeis repetitively produced. There may be more or fewer )

packets in between successive repetitions of the code module

packets CM. The rate of repetition may be specified by the

programmer when the application is programmed,

and may be varied
during the execution of the application.

10

In the next series of packets 34, the leftmost packet

contains auxiliary data, AUX. The next two packets contain

respective portions of a code module (CM1,CM2).

The last packet
15 contains auxiliary data, AUX.

From the series of packets 34 it
can be seen that if a code module is too large to be contained

in a single packet, it may be carried by more than one, with

each packet containing a portion of the code module. Although
two packets are illustrated in the series of packets 34 as
containing the code module (CM1,CM2), any number of packets may
be used to carry the code module, depending upon ‘its size
two packets carrying the code module,

20

The

(CM1,CM2) are repetitively
transmitted (not shown) in the series of packets 34, as '
described above.

25

In the series of packets 36, the leftmost packet contains

data representing a code module (CM). The next packet (DM1l) is

a first packet containing data representing a data module.' The
next packet contains auxiliary data, AUX. The next packet (DM2)

is a second packet containing the remaining data representing
the data module.

30

From the series of packets 36 it may be seen

that a data module (DM1,DM2), associated with the code module

(CM), may also be included in the packet stream. Both the code

module (CM) and the data module (DM1,DM2) are repetitively

35 transmitted (not shown) in the series of packets 36. Thé& rate

of repetition of the code module (CM) may be different from that
of the data module (DM1,DM2), and both rates may be specified by
the application programmer and varied during the execution of

the application.
40



plurality of packet streans (32-38 of Figure 3, it carri sp nq_;;dg.a,,, z,rgmq g‘
sel ector 202, which passes only the sel ected packet 40 strea bg yi}
data extractor 204 nonitors the sel ected REPLACENMENT HEEI"..Z J f
Stream extracts the auxiliary data pagkets fromit and S-LI{DF)‘«L—F@-S them.. sl
‘diretctly to the auxiliary data processor 50-(of FIGURE 1). Packet data
extractor 206 simlarly nonitors the sel ected packet stream extracts the
directory, code and/or data 5 nodul e packets requested by the stream|/O
adapter 208 and supplies themto the stream /O adapter 208. The data in

t he packets returmedayofiheheai measeth Qreaajiferh@08ats mudupki €6 dob t1hegRAM

212. \hen the \QNtbhea TRAY! & NS :1RGE0 SfiekeVel ddPBd RGrried by more

than one packet,

with each packet containing a portion of the
Although two packets are illustrated in the series
of packets 36 as containing the data module (DM1,DM2), any
number of packets may be used to carry the data module,
depending upon its size.

data module.

It may be further seen that the
packets carrying the data module need not be transmitted
sequentially, but may have intervening packets in the packet

10 stream. The same is true for multiple packets carrying a code

module or directory module (not shown).

In the bottommost series of packets 38, the leftmost packet
contains data representing the directory (DIR).

The next packet
15 contains data representing a code module (CM),

followed by a
packet containing auxiliary data (AUX) and a packet containing
data representing a data module (DM). In the series of packet
38 all of a directory module (DIR), a code module (CM) and a
data module (DM) in a single packet stream may be seen. The

20 respective repetition rates of these three modules may be

different, as. specified by the programmer of the application,

and may be varied during the execution of the application.

FIGURE 4 is a block diagram of a client computer 22 as

25 illustrated in FIGURE 1. 1In FIGURE 4, transport mechanism 30

(of FIGURE 1) is coupled to an input terminal of a stream
selector 202. An output terminal of stream selector 202 is
coupled to respective input terminals of an aukiliary data
extractor 204 and a packet data extractor 206. An output

30 terminal of auxiliary data extractor 204 is coupled to the
auxiliary data processor 50 (of FIGURE 1) . A bidirectional
terminal of packet data extractor 206 is coupled to a
corresponding terminal of a stream I/0 adapter 208. A control
output terminal of stream I/0 adapter 208 is coupled to a

35

corresponding control input terminal of stream selector 202.

The combination of stream selector 202, auxiliary data extractor

204 and packet data extractor 206 form a data stream receiver

207 for client computer 22, illustrated by’ .z dashed line in
FIGURE 4.

40



packet stream (which may require several packets, as desc
processor 210 is notified of

Its recei pt by the stream |/ adaptécfWyO&is)
Processor 210 may then continue executéfn of its program The JEFE”E“”
in a distributed computing systen115

ustrated in FIGURE 1 is simlar to
a mass storage systemin prior art systens. An application program
executlng on the

grocessor 210 nakes a _request for nDduI listed in the
directory in the S&ffHeddRepdthttr gﬂghf%fé%

(S’gPﬁFntV\B K¢ ‘Fﬁsﬁ?@sé"?‘%d’ﬁé& for a
file cqntaJrﬂzng_ancckﬁsnn'caapatcmxﬂﬂ.e1pl@§nnmﬂsﬂyb2oas#1ﬁkﬂﬁ dhne imass

stor ?ge devi GEGUREQ4 DI | A adidli t $¥&t&NLhdhex haind IFOr @ABDEEE A08CT pLdblsisSng
simlar to a

manner to a S%?g?gagfu%avl ggrogessort 5?@m:lJaQI%Q§t§C%§m+% QFﬁ'ri]mitl%r

art
desired das a, and amdepf%gnwoqvo (BOMY e?dét EPR IR tl°&?z§1hf36n“( 1 @nsmf er) in
the 25

Syst eganedrwiaaadsysden Buag2i6e Fuetksscinmit talnd ovwpitet i on of
facilities are provided by an I/0 port 218, coupled to the local
processor 40 (of FIGURE 1l); user I/0 adapter 220, for
communicating with user 80; and modem 222

coupled to the
10

central processing facility 60 (of FIGURE 1); all also coupled
to the sysStem bus 216 in a known manner Other adapters (not
hown) may be coupled to system bus 216 to provide other

capabilities to the processing unit 224

15 As described above, auxiliary data extractor 204, I/O port

18 and modem 222 are not required in a client computer 20
according to the present invention. They are illustrated in
FIGURE 1 and FIGURE 4 to show optional additional functionality

20 In operation, processor 210 of processing unit 224

retrieves program instructions permanently stored in ROM 214, or
temporarily stored in RAM 212, and executes the retrieved

instructions to read data from ROM 212 and/or RAM 214, write

data to RAM 212 and/or receive data from or supply data to
25

outside sources wvia the I/0 port 218, user 1/0 adapter 220

and/or modem 222, in a known manner. Under program control,

processor'210 may also request a code and/or data module from

the data stream supplied to the client computer 22 via the

transport mechanism 30 (of FIGURE 1). To retrieve this data,
30

processor 210 first instructs stream I/0O adapter 208 to send a

selection control signal to the stream selector 202, possibly in

response to user input from user 1/0 adapter 220 Then
processor 210 issues a request for a specific code or data

module to the stream I/0 adapter 208. Stream I/0 adapter 208
35 ]

relays this request to the packet data extractor 204

Transport mechanism 30 (of FIGURE 1) supplies all of the

plurality of packet streams (32-38 of Figure 3)

it carries to
the

which passes only the selected packet
huziliary data eztractor

stream selector 202,
A0 stream.,

204 monitors the selected



the retrieval. However, the stream|/O adapter 208 can onl y| rREFLUADEMENTUBHEET
and data fromthe data stream data cannot be witten to th

e data st
As described above, the distributed conputing application 3[) Duxy Wqﬁ%
into nore than one code nodul e, each compai ni ng execut abl e

UUU | UI

dirfferent portion of the distiibuted conputi hg application. Wen a
particul ar code nodule is desired, processor 210 requests that code nodul e
; rom stream |gzQxatdapt eeamOD8 xt\¥aeh sexre Uu>dn iakyt dat a npakder shasom oiplaviaed,

5 processor S npgly| I t C e
code and data‘%%%Jegggggé ?%H%ilsx§8| C§§P¥QSQE§ &§?g2ééé§e§g§§§ﬁf g“indule
may be del et RIFYREMLRAM Qi?k%é’r?tlat exkraghor 00 fE My 1R AP PRB EP] he
necessity of $erguesr phykbei sigresdngr edt rdecaude idirettosy/ agider add/ @it iatal t
may again ?e |

RAM 212 403 TEalciued FLQmINe 29t enstdEAI9B Daggad. 2oougyer. if

supplies them to the stream I/0O adapter 208. The data in the

packets returned to the stream I/O adapter 208 is supplied to

the RAM 212. When the entire module has been retrieved from the

packet stream (which may require several packets, as described

above), processor 210 is notified of its receipt by the stream
I/0 adapter 208.

10

Processor 210 may then continue execution of
its program.

The data stream in a distributed computing system

illustrated in'FIGURE 1 is similar to a mass storage system in
prior art systems.

15

An application program executing on the
pfocessor 210 makes a reéuest for a module listed in the
dlrectory in the same manner that such a program would make a
request for a file containing a code or data module previously

' 20 stored on a mass storage device in a prior art system.

The data
stream receiver 207 is similar to a mass storage device, and
stream I/0 208 acts in a similar manner to a mass storage
adapter on a prior art system by locating the desired data,
transferring it to a predetermined location (I/0 buffer) in the
system memory and informing the processor of the completion of

the retrieval. However, the stream I/0 adapter 208 can only
retrieve code and data from the data stream;
written to the data stream.

25

data cannot be

As described above, the distributed computing application
30 may be divided into more than one code module, each containing
executable code for a different portion of the distributed

computing application. When a particular code module is

desired, processor 210 requests that code module from stream I/O
adapter 208. When execution of that module has completed,
35 processor 210 requests the néxt module from stream I/O 208.

Because code and data modules are repetitively carried on the

data stream, a module may be deleted from RAM 212 when it is not

currently needed without the necessity of temporarily being
 stored, because if it is required later,

it may again be
40 retrieved from the data

stream when needed. However, if RAM 212



23 has sufficient capacity, processor 210 may request str @g} I Qg@p;er"tO”

si mul t aneously | oad several code nodul es into RAM 212. thi o CAN bE dore,

t hen processor 210 nay switch between code nodul es mﬁthou r%@lk
stream |/ O adapter 208 to 5 extract thmfromthe data sioeam’

described abgyg, sefbﬁlédtocagéei@;smxebgopozw G yt Qe&@@s@s’ifzea}nbﬂﬁﬂw o

a known manner,. For exanp eractlve TV S hi'cs
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_representing graphical images, in a known manner,

As described above, other I/0O adapters may be coupled to
the system bus 216 in a known manner. For example, in an
interactive TV system, a graphics adapter may be coupled to
system bus 21§. The graphics adapter generates signals
in response to
instructions from the processor 210. Further, these signals may
be combined with thé standard video signal produced by the video
decoder (described above) in the auxiliary data processor 50 of
an interactive TV system. When the graphical image
representative signal and the standard video signal are

combined, the resulting signal represents an image in which the

image generated by the graphics adapter is superimposed on the
image répresented by the broadcast video signal. It is also
possible to selectively combine these two image representative
signals under the control of the processor 210.

An interactive TV system, may also include a sound adapter

coupled to the system bus 216. The sound adapter generates a

signal representing a computer generated sound (such as music,
synthesized voice or other sound), in a known manner, in

response to instructions from the processor 210. Further, these

signals may be combined with the standard audio signal produced
by the audio decoder (described above) in the auxiliary data
processor 50 of an interactive TV system; When the sound

representative signal and the standard audio signal are

combined, the resulting signal represents the combination of the

sound generated by the sound adapter and the broadcast audio

signal. It is also possible to selectively combine these two

sound representative signals under the control of the processor

- 210.

The timing of the generation and display of the graphical
image and sound representative signals, may be controlled by
receipt of the time code data from the data stream. This

pt 49 ghgnal s may
P tsta ard_video si naI produced by the video decoder
alSEVERCE ntRHR %ﬁFPﬁréﬁ *5PBcessor 50 of

i
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15 an interactive TV system \en the graphical inage [Fepresertatve
signal and the standard video signal are conbined, the r §ﬁF1AG§M§NyﬁﬂEET
represents an image in which the image generated by the |jgraphic g?pgp$§
superinposed on the inmage represented ky the broadcast v 6@@151zé ﬁ S
al so 20 possible to selectively conbine these two i nage~tTepresentatrve
signal-s under the control of the processor 210. An interactive TV system
may al so include a sound adapter coupled to the system bus 216. The sound

adapt er geneg,?gbel%saa%%xaggeamé e@@ﬁ@hwg 8o gmmnﬁg%n%@t sﬁsréfwdof

(such as nusic synthesiz vol ce or sound
response to PFRIGSFOT 6ﬁ§eFP§ﬁ¢t¥m91ﬁw§§§%§6?82&9at¥qntQﬁaPrOFﬁ§§@rS|gnals may

be conbi ned yéddrdders sbandaed awl&o%lo&@alt pLagdy catl indike audi 9s dpeodal:
(described a ove in.the au | ar 50 .0f a active

Vovet oo Aasdold DSy R an i oI SpR%ar BRE1SE e naeSraflad §aCo

si gnal ar%® appllcatlon by the insertion of specialized packets into the
data stream which cause an interrupt of the code currently
executing in processor 210. Stream I/0 208 monitors the data
stream for such specialized packets, and generates an interiupt,
in a known manner, for the processor 210. Processor 210

10 responds to that interrupt, also in known manner, by executing
an interrupt service routine (ISR). This ISR may be used for
synchronization of the interactive TV application, or other
purposes. '

15 A client computer 22 in a distributed computing system as
illustrated in FIGURE 1 does not need a mass gstorage device, nor
a large amount of RAM 212, Such a system decreases the cost of
a client computer, and increases the functionality of the lower
cost client computers. 1In addition, such a client computer has

20 the option of participating in a distributed computing function,
may join in the distributed computing function at any time (or

may drop out and return later), and may participate at its own
pace. '



conbi ned, the resulting si I represents t he conbi nation rchfphﬁf‘$QUT;d' LARET
generate e sound adapter and .t he broadcast audi o sigphal .

It S
possi bl e t Iﬁl ne these two 35 sound represgnpiai vebs %2@95
under the Ei@‘ aﬂ mmmum cessor 210. Pge timng of the A OR AR
di spl ay of cgraphacal i'mage and sound representative signals, may be -
controlled by 40 receipt of the tinme code data fromthe data stream This

24 enabl es an engamstabl e code nodul e to synchroni ze the di splay of
processor generated i mgeyand ; gg@g Le st PLACES S sgpnerated sound to
t he broadcast video ‘and au’ggl ! &%E ys055| tlg synchroni ze the
operation of the Ilﬁiépgﬁ??\ﬂ§ ?Vcontinuous data stream repetitively including

data representing a distributed computing application; and
a client computer,

receiving the data stream, extracting
the distrlbuted computing application representative data from

the data stream, and executing the extracted distributed
‘computing application.

2. The computer system of claim 1,

further comprising an
auxiliary data processor; wherein:

the data stream source produces the data stream further
including auxiliary data; and

the client computer extracts the auxiliary data from the
data stream and supplies it to the auxiliary data processor.

3. . The computer system of claim 2, wherein:

the data stream source produces the data stream in the form
of a series of packets;

a first one of the series of packets contains data
representing the distributed computing application and includes
identification information indicating that the first one of the
series of packets contains data representing the distributed
computing application; and

a second one of the series of packets contains auxiliéry
10 data and includes identification information indicating that the

second one of the series of packets contains auxiliary data.

4. The computer system of claim 1, wherein:

the data stream source simultaneously produces a plurality
of continuous data streams, each repetitively including data
representing a respective distributed computing application; and

the client computer further includes a data receiver for
selectively receiving one of the plurality of data streams, and
extracting the distributed computing application fepresentative
data included .in the selected one of the data streams.

-
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5 application by the insertion of specialized packets |ﬂt0”]ﬁ@ndataa®tfegﬂ}T H
whi ch cause an interrupt of the code currently executing injprocessor 210. !

Stream /0O 208 nonitors the data stream for such speC|aI|zed paekeﬁgﬂﬂbﬁgg
generates an |nter1ﬂ“ﬂulu mntmﬂlnanner for the processor 210. Processor
210 10 responds t al so b, known manner, by executing an

i nterrupt service rdutine*(1'SR)® This ISR may be used for synchroni zati on
of the interactive TV application, or other purposes. 15 A client
conputer 22 in a distributed computing systen1as illustrated in FIGURE 1
does not need a mass stgra deV|ce I no 212. Such a
system decreases the céﬁ¥ Q%”ﬁ Pt eht® 8 2o °5t€¥gﬁ%gh Eﬁ%%ﬁ%@esw%ﬁlSLng an
functional i t yaskilirry slatp Eé@?eﬁﬁqqenﬁhééﬁtMIers I n addition, such a
client conputer haghé dath stheampidourteObrpaite<iyhat dagai st teai Tukthed ed

conputlng f“”ﬁ%h?ﬂd;ﬂ@“@df%l@ak? e, digglyri but ed conputlng function at any
time (o
5

the client computer extracts the auxiliary data from the

data stream and supplies it to the auxiliary data processor.

6. The computer system of claim 4, wherein:
the data stream source produces the data stream in the form
of a series of packets;
a first one of the series of packets contains data
5 representing the executable code module and includes
identification information indicating that the first one of the
series of packets contains data representing the executable code
module;
a second one of the series of packets contains data
10 representing the data module and includes identification
information indicating that the second one of the series of
packets contains data reéresenting the data module}'and
a third one of the series of packets contains auxiliary
data and includes identification information indicating that the
15 third one of the series of packets contains auxiliary data.

7. The computer system of claim 6, wherein:

the data stream source produces the data stream further
including a directory module containing information related to
the code module; and _

5 the client computer first extracts the directory module
from the data stream; then extracts the code module in response
té the information related to the code module in the extracted
directory module, and executes the extracted code module.
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may drop out and return later), and nmay participate at it
CLAIMS: 1

o L. A distributed ter system conprising: a
strean1provid+ﬁg’af§§?TE§{6?gf?ﬁe di vision nul tipl exed pag;
whi ch contain WW“E&“ repr@gent a video progran1 and others of
“whi ch represenmﬁ!‘\ﬂ“‘ onputing application associated with said =
vi deo program ret n Sai'd distributed conmputing application is
repetitively transmtted i ndependent of receiving client conputer apparatus
during times that said video programis transmtted; a client conputer

whi ch includes a packet selector connected to said source for selecting and
directing paCket?SQontf“é“dgapﬁaéfisystem of claim 1, wherein:

the data stream source produces the data stream in the form
of a series of packets;

a first one of the series of packets contains data
representing the executable code module and includes
identification information indicating that the first ohe of the
series of packets contains data representing the executable code
module;

a second one of the series of packets contéins data
representing the data module and includes identification
information indicating that the second one of the series of

packets contains data representing the data module;

10

a third one of the series of packets contains data
representing the directory module and includes identification
information indicating that the second one of the series of

packets contains data representing the directory module; and

15

a fourth one of the series of packets contains auxiliary
data and includes identification information indicating that the

third one of the series of packets contains auxiliary data.
20

9. The computer system of claim 8, wherein:
the data stream source produces the data stream furthex

including a data module and a directory module further contains
information related to the data module; and

the client computer further extracts the data module from
the data stream in response to the information related to the
data module in the extracted directory module and executes the

extracted code module to process the extracted data module.

10. In a distributed computer system,

a client computer,
comprising:

an input terminal, for receiving a continuous data stream

repetitively including data representlng a distributed computing
5 application

a data stream receiver, coupled to the input terminal, for

receiving the data stream and extracting the distributed

computing application representative data; and

a processing unit, coupled to the data stream receiver, for

10 receiving and executing the distributed computing application.
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auxilrary data representing said vi deo programto a video s b= Oy
and sel ecting and directing packets containing said associ aHe@E’dw&t*‘M’b‘ﬂt edr ¢

conputing application to a further_processor; and said furtPer procggﬁ r 2
i ncl udi ng mansWstri bu gd conputing appl | Catd on 1995...

execut € said distributed appl i c4Pion to form an i NEEFacti ve vi-deo =
program in which m““ \C‘i@ﬁ@“% di stributed conputing application alters
said video progra I stributed conputer system of claim!l

wherein said furthér brocessor includes a graphics adapter for creating

graphi cal imges and interactively conbining said graphical inmges wth

sai d video program 3. The distributed conputer systemof claiml wherein
said video program is. a 1hel evientroppage A Mfanaisaild, f uiéRan proOCEssor

includes a gr amyoggsggp@hggtfggmpgigggi_ ng graphical images and interactively

a system bus;

read/write memory, coupled to the system bus;

a data stream input/output adapter, coupled between the

data stream receiver and the system bus, for receiving the

extracted distributed computing application representative data
from the data stream receiver,
memory; and

and storing it in the read/write

10 a processor, coupled to the system bus for executing the

distributed computing application stored in the read/write
memory.

12. The client computer of élaim 10, wherein:

the input terminal receives the data stream as a series of
packets containing packets carrying the distributed computing
application. representative data; and

the data stream receiver comprises a packet data extractor,
coupled to the input terminal, for extracting the packets

carrying the distributed computing application representative
data.

13. The client computer of claim 12, wherein:
the series of packets in the data stream further include
packets carrying auxiliary data;
the client computer further includes an auxiliary data
5 processor; and
‘ the data stream receiver comprises an auxiliary data packet
extractor, coupled to the auxiliary data processor, for
extracting the packets carrying the auxiliary data from the data
stream and supplying them to the auxiliary data processor.
10 )
14. The client computer of claim 13, wherein the
distributed computing system is an interactive television
system, and the auxiliary data is television video and audio.



conbi ni ng saird graphical imges wth said tel évision pro

?Incszf thgt :ds Hmumﬁﬂ“ﬂ“l claim 1 wherein said furt 1&5‘3%&5&%3 roszET

reati ng synthesized sound hd mter,,azthlmél‘(gg‘j
.combi ni ng sal *syht Hesizel sound with sged video program Dateig. 5, e sev: The -

distfibuted computer systemof claim 1 wherein said furtter-processor .

i ncl udes nenory fiar Srrﬁ’é'&quEO%r@JUtQanBECHl%;ﬁnQOr%ﬁﬁQQ%VG thereto

requests of said packet sel ector code and g g from the data
stream 6. A di%fr iBRtedEBApt e’iﬁ°§§;§?%rﬁ P Bﬁia’rﬁtéﬁ "3 AXFGFERYf a tine
di vi si on nul ea¢h dnsdupbrk alatsi peraesent iagliangeargtuivegl ﬂityt@fbuasgt ri buted
conputi ng appbigiiiingnapp Bt idh stardout ed

S the data stream receiver comprises:

(N

a data stream selector, coupled to the

for producing a selected one of the
plurality of data streams in response to control

input terminal,

signals from the processing unit; and

10 a distributed computing representative
data extractor, coupled between the data stream
selector and the processing unit, for extracting the
distributed computing application representative data
from the selected one of the plurality of data

15 streams.

16. The client computer of claim 15, wherein:
the data stream selector comprises a selection control
input terminal, and produces the selected one of the plurality
of data streams in response to a control signal at the selection
5 control input terminal;
- the processing unit comprises:
' a system bus;

read/write memory, coupled to the
system bus; |

10 a data stream input/output adapter,

coupled between the data stream receiver and the
system bus, for receiving the extracted dist;ibuted
computing application representative data from the
data stream receiver, and storing it in the read/write
memory, and'having a control output terminal coupled
to the selection control input terminal of the data

15

stream selector, for produc1ng the selection control
signal; and

a processor, coupled to the system
for controlling the data stream input/output
device to generate a selection control signal

20 bus,

selecting a specified one of the plurality of data

streams, and for executing the distributed computing

application stored in the read/write memory.
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conputing application being repetitively transmitted i ndefei’;ﬁ«g:@t“éf—ﬂ—:
receiving client conputer apparatus, and each of said di 5t but’

applications hageg f a series of packets; a f%rét midyﬁ?gpgﬁﬁg?g
of a respeC_titﬁIl!lmlmnuﬂmmmi ng data representi ng an eg_(_éf"ﬁi? N (S

cut able code.—.-=
nodul e and i ncl*udengti de

nts fi*cati on BAformati on indicating that the first
one of packets of said series contains data representing said executable
code nodul e; a second one of packets of .the serjes %ont ai ns data
representing a ddta PBHUTY SAhd PHRY TS ti GEMT i%att"§AEAf or mati on

i ndi cating that wai dnpetcorekrine Lofeqpmiclest She ohi i midudgtacorgutdagnt i ng t he
data nodul e, ﬁ(}%a&mhi Eeb o ntbipaskeita ahcl il sprdree xeaat i es cadxi | i ary

a
data and in‘(‘:i £S. identification information indicating that the third one
of packets Bhtains auxil i ary data; a client corTRut er incl Lﬂdi ng a dat a
recei ver Sf or sel&Efi#ﬁfa stream receiver extracts the executable code

module; and

the processing unit executes the extracted code module.

18. The client computer of claim 17, wherein: _
the input terminal receives the distributed computing
application representative data further includes a directory

module containing information related to the executable code
5 rmodule; and

the data stream receiver first extracts the directory
module- from the data stream;

the processing unit then processes' the information related
to the executable code module in the directory module;
10 the data stream receiver then extracts the executable code
module from the data stream based on the information related to

the executable code module in the extracted directory module;
and :

the processing unit then executes the extracted executable
15 code nodule,

19. The client computer of claim 18, wherein:

the distributed computing application representative data
further includes a data module and the directory module further
contains information related to the data module;

S the processing unit fuither processes the information
related to the data module in the directory module; .
the data stream receiver further extracts the data module
from the data stream based on the information related to the
data module iq the extracted directory module; and
10

the processing unit executes the extracted code module to
process the extracted data.

—_—
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packets of one of the plurality of distributed-conputing p@éﬁ@gigfb%sgp&_ f
extracting the correspondi ng distributed conputing applicdtion TR
representative data included in the sel ected packets and gpﬁ?yin NﬂVt ,995 !
conput er prog paratus f8r executing the e&&ﬁ-@&@g ''''' L
“di stributed cﬂmmmgm”"ﬂfm ion, said data receiver extracting auxiliary
data fromauxitiary tpaskess +n the data stream and supplying it to an

auxi liary data processor. 27 7. A distributed conmputer system
conprising: a data stream source producing a data streamincluding a series

of packets represghli ngd dilidndl bbdplle bFPcfhih SICMBYLEAPLRxed si gnal s,
one of said signals inclu mg. ata representing a distribute con'E)utl ng
appl i cati on, SHRFERPYIST FOBRLEGNE ARRILCAGion 1s divided into a plura
modules, representing portions of the application, and the
processing unit stores only modules of said plurality of
5 modules, necessary to execute the current portion of the
application.

ity of

This Sheet Has Been Reﬁlaced

AR



application is repetitively transmtted i ndependent of recelﬁr‘ng“c:r“r':
conputer apparatus, and at |east one of the packets of thei‘gs'?*fg"r*réti’”‘“"

representing the distributed conputing app|ication incl ude'ﬁ. a di-r éc?t}@fng%s
modul e containing information inter-relatinhg packets assoctat®et wirth sard. ...

it
ot

di st r'i but ed conputing application; a client conputer, recetVifig the data
stream extracting the distri bhdPEERAINBE THEy BSGLPESRF on represent ati ve

data fromthe data stream and executing the extracted distributed

conmputing application; and wherein the client conp xtracts said
directory nodul e fromthe dat& RISEIRPTRR Wﬁﬁ%aﬁﬂ@&ﬁt ained in the

directory nodul e extracts packets associated with said distributed
conputing applicatiaon and bui]ds said distributed co uting application and

executes sai d di st PHEFEPHSH TOMRYE HpSFPESR i oh d1§CloS eI TIRRF 1885t em
of claim7, whewairge . {&0) ret aogenvinuche datra ex rehmpaeket & io@liyaineladiray

data representing a distributed computing application and a
client computer (22), receiving the data stream, for extracting

5 (207) the distributed computing application representative data
from the data stream, .and executing (224) the extracted
distributed computing application.

Fig 4
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7
representing an executabl e code nodul e and i ncl udes i defjt TERLS é?wéa IV EHLET |
information indicating that the first one of the series &EQe vc@ﬂSald
data representing an executabl e code nodul e; a second of B es  ofi
packets contains data representing a dq%g modul e and i ncludes
identification information indicating that the second one of the series of
packets contains data representing a data nodule; a third one of the series
of packets contains data representing said directory nodule inter-relating
respective transmtted nodul es associated with a sin@«efgstributed
conputing applicatjon, and includes identification inforn rrch
that the third oﬁ%bbi the series of packets contains datg re i ngj said
di r ect ogy=rrodute;_ana géﬁﬁ&ﬂi

VT

FIG. 1
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2 8 a fourth one of the series of packets contains auxili t e
i ncl udes identification information indicating that the foUREHPLAGEIBRYHEST |
series of packets contains auxiliary data. 9. In a distrjbuted .,QQHHUVeWQR |
system a client conputer, conprising: an input termnal fpraecei-ving a: " |
packet data streamincludi ng packets of video signal tinme Fprexed Wt
packets of data representing a distributed conmputing application which

di stributed conputing application i szf:ép'et itively transmitted i ndependently

of said client conputer and at |east one of the packets representing the

di stributed conputing application includes a directory contai ning :
information inter-relating!®mes of the packets containing said distributed

pt———————

conmputin ication;¥data red®frecei ver, couPI ed to said input
termnal " {es RSNV N9 Fewdat ‘a__ustwﬁ;cvi dii @eqar ateqglata streans of
sai d II SOURCE [*| BULDER :PACKETIZER ~ =
' 108 _ AUX F
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| J | somce |
u
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vi deo si

directory packet and responsive to the directory,
containing said distributed conputing application represent
coupled to the data streamreceiver,
"di'stributed conputlng appl i cation and executing the dlstrlbuted conput i ng
read/ wite nmenory,
3adapter,

~a processing unit,

appl i cat

syst em bus;

stream

gnal

i on conprising: a system bus;
a data streaminput/outp
recei ver and the system bus,

coupl ed between the data
for receiving the extracted

and said distributed conputing application, extr
extractlni

Ak ngk@atdr so
packet$ N
t rve data;

T |

for,assenhlrng sald

coupled to the

di stributed conputing application representative data fromthe data stream

recei ver,

out put t

and storing it in the read/wite nmenmory, and having a control
er m _nal couPIed to thegy
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' : Amenoed cof Y

sel ection control input term nal of the data stream sel ec!tor for producing
the sel ection—control signal; and a processor, coupled tol!tﬁlﬁﬁ“.\fﬁw%'ﬁgﬁgm ,[
for controlling the data streaminput/output device to |29 gener.ake yaw l
sel ection cont ugm:ul,”ﬂ jegyt i ng- a specified one of thejplurald 4 ‘of*dat ail
streanms, and f ] ﬂ"m executing the distributedicommuting. - me. w ]

application stored i h the Yead/wite n%ﬁnry. 10. A distributed conputer
system conprising: a'source of a data streamincluding data representing a

di stributed conputing application, which distributed conputing application
is repetiti \E{dégﬁ’-ansm' tted i ndependent of receiving

1. A distributed computer system comprising:

a source of a data stream providing a series of time division
multiplexed packets, ones of which contain auxiliary data that
represent a video program, and others of which represent a
distributed computing application 'associated with said video
program, and wherein said distributed computing application is
repetitively transmitted independent of receiving client computer
apparatus during times that said video program is transmitted;

a client computer, which includes a packet selector connected
to said source for selecting and directing packets containing said
auxiliary data representing said video program to a video signal
processor and selecting and directing packets containing said
associated distributed computing application to a further processor;
and

said further processor including means to assemble said
distributed computing application and execute said distributed
computing application to form an interactive video program in which
execution of said distributed computing application alters said video
program. '

2. The distributed computer system of claim 1 wherein said
further processor includes a graphics adapter for creating graphical
images and interactively combining said graphical images with said
video program.

3.  The distributed computer system of claim 1 wherein said video
program is a television program and said further processor includes
a graphics adapter for creating graphical images and interactively
combining said graphical images with said television program.

4. The distributed computer system of claim 1 wherein said
further processor includes a sound adapter for creating synthesized
sound and interactively combining said synthesized sound with said
video program.. '



client conmputer apparatus; and a client conmputer receivi ngf;‘ g]gmegt;a. s’g m@ Ii
extracting the distributed conputing application representl ative data from |
the data stream and auto-executing the extracted distrib tggteve@nﬁﬁt;l @J; ,,,,,,, l
application. 11. The conputer system of claim 10, wher eilln—tive—thi-sirihub.ed.
conputing application is formed as nodules including a directory nDduIe
containing information interrelating apﬁﬁl cation m
conput er includes nenory which is insufficient to d execute an
entire distributed conputing application; and the H’ mm jm,
responsive to information in the directory nodul e, exte Il ate
program nodul es fromt he data stream as needed to execute the d| stri but ed
conmputi ng application. The client conputer of claim 11, wherein the

di stri but edeonput¥hsy @?Eﬁmﬂscﬁmﬁuﬁﬁferﬁ%m&f <laim s1 owheyeine spidind t he
further processor includes memory for storing program controls and

responsive thereto requests of said packet selector a code and/or
data module from the data stream.

-

6. A distributed computer system comprising:

a source of a time division multiplexed packet signal including
‘a plurality of distributed computing applications, each distributed
computing application being repetitively transmitted independent of
receiving client computer apparatus, and each of said distributed
computing applications being in a form of a series of packets;

a first one of packets of a respective series
containing data representing an executable code module and
including identification information indicating that the first one of
packets of said series contains data represenung said executable code
module;

a second one of - packets of the series contains data representing
a data module and includes identification information indicating that
said second one of packets contains data representing the data
module; and .
| a third one of packets of the series contains auxiliary data and
includes identification information indicating that the third one of
packets contains auxiliary data;

a client computer including a data receiver for selecting
packets of one of thé plurality of distributed computing applications,
and extracting the corresponding distributed computing application
representative data included in the selected packets and applying it
to computer program controlled apparatus for executing the
extracted distributed computing application, said data receiver
extracting auxiliary data from auxiliary packets in the data stream
and supplying it to an auxiliary data processor.



auxiliary data is conpressed tel evision video and audi o signal:;~and 'sai'd"
processing unit, responsive to said distributed conputing apbiﬂ@atrd
produces and conbi nes graphics with reproduced said tel evision Vngéﬂﬂiégn
The computer system of claim 10, wherein: the data stream solirice- produces
the data stream further including a data nodule and a directory nodul e

whi ch contains information related to t4% data nodul e; and——30-the client

and executes the extracted code nodule to process the exthk
nodul e.

conputer extracts the data nodule fromthe data streamr ive to
information related to the data nodule in the extracted 3Mﬂﬂ” m ’”m
L
7. A distributed computer system comprising:
a data stream source producing a data stream including a
series of packets representing a plurality of time division ,
multiplexed signals, one of said signals including data representing a
distributed computing application, which distributed computing
application is repetitively transmitted independent of receiving
client computer apparatus, and at least one of the packets of the
signal representing the distributed computing application includes a
directory module containing information inter-relating packets
associated with said distributed computing application;

a client computer, receiving the data stream, extracting the
distributed computing application representative data from the data
stream, and executing the extracted distributed computing \
application; and wherein '

the client computer extracts said directory module from the
data stream and using data contained in the directory module
extracts packets associated with said distributed computing
application and builds said distributed computing application and
executes said dxstnbuted computing application.

8. The computer system of claim 7, wherein:

a first one of the series of packets contains data
representing an executable code module and includes identification
information indicating that the first one of the series of packets
contains data representing an executable code module;

a second one of the series of packets contains data representing
a data module and includes identification information indicating that
the second one of the series of packets contains data representing a
data module; :

a third one of the series of packets contains data representing
said directory module inter-relating rgépective transmitted modules
associated with a single distributed computing application, and
includes identification information indicating that the third one of

the series of packets contains data representing said directory
-module; and
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14. In a distributed conputer system a client conputer, é‘;—c}—;pmﬁm?Ef@}%.'.-i'é'éﬁ-ﬁ‘iﬁ il
I nput:-termnal, for receiving a data stream i ncl udi ng dat aiirepresegta g Taly '!i
di stributed conmputing application which is repetitively transmiett.e o )
i ndependently of said client conputer, said data stream arranged=iraa -~ "~
series of packets, at |east one of which includes a directory CO iy
information inter-relating ones of the2$ackets contai ni ' ' | but ed
conputing application; a data streamreceiver, coupled Wlmwmﬂmyjﬂm
termnal, for receiving the data stream extracting the 8irectory '

and responsive to the directory, extracting packets containing said
Ini . coupled t-{ piiy-BaC, §F (h8serfdy BF pacilers iRl ARl 3565 W,
conputing apghudes; idgpt Baté%c'&‘??ﬁﬁa?ﬂ@ tpdieatipg, tc%%lq“ﬁg‘a?ﬂﬁ i‘b'lation.
15. The cl ithet seniespafepackeis! gontaids avxiliary: data. :

9. In a distributed computer system, a client computer,
comprising: :

an input terminal for receiving a packet data stream including
packets of video signal time multiplexed with packets of data
representing a distributed computing application which distributed
computing application is repetitively transmitted independently of
said client computer and at least one of the packets representing the
distributed computing application includes a directory containing
information inter-relating ones of the packets containing said
distributed computing application; _

a data stream receiver, coupled to said input terminal, for
receiving the data stream, providing separate data streams of said
video signal and said distributed computing application, extracting

- said directory ‘packet and responsive to the directory, extracting
packets containing said distributed computing application
representative data; and |

a processing umit, coupled to the data stream receiver, for
assembling said distributed computing application and executing the
distributed computing application comprising:

a system bus;

read/write memory, coupled to the
system bus;

a data stream input/output adapter,
coupled between the data stream receiver and the
system bus, for receiving the extracted distributed
computing application representative data from the data
stream receiver, and storing it in the read/write memory,
and having a control output terminal coupled to the
selection control input terminal of the data stream
selector, for producing the selection control signal; and

a processor, coupled to the system bus,
for controlling the data stream input/output device to



said distributed conputing application is segnented into np d, tRe
modul es are segnented into a series of packets; and the data ﬂlélg-?ﬁ%% “‘m_‘ EET

recei ver includes a packet data extractor, coupled to the B,%LQ.
~for extracting the packets carrying the di stri but ed conput{ing._appl T Cati.on

representative data; and said client conputer includes I‘SLTf’T‘T’CTE‘m_‘ﬁ‘Eﬁ‘B-Fy——
to load a conplete distributed conmputi ng? appl i cati on and

conmputing application conditions the packet extractor to ;"lmmgmﬁ'm’
nodul es fromthe data stream as needed to continue executlon @

di stributed conputing application. 31

generate a selection control signal selecl:mg a specified
one of the plurality of data streams, and for assembling
and executing the distributed computing application
stored in the read/write memory.

10. A distributed computer system comprising:

a source of a data stream including data representing a
distributed computing application, which distributed computing
application is repetitively transmitted independent of receiving
client computer apparatus; and |

a client computer, receiving the data stream, extracting the
distributed computing application representative data from the data
stream, and auto-executing the extracted distributed computing
application. '

11.  The computer system of claim 10, wherein the
distributed computing application is formed as modules including a
directory module containing jnformation interrelating - application
modules; - .

said .client computer includes memory which is insufficient to
store and execute an entire distributed computing application; and

the client computer, responsive to information in the directory
module, extracts appropriate program modules from the data stream
as needed to execute the distributed computing application.

12. The client computer of claimll, wherein the distributed
computing system is an interactive television system, and the
auxiliary data is compressed television video and audio signal, and
said processing unit, respomsive to said distributed computing
application produces and combines graphics with reproduced said
television video. |

13. The computer system of claim 10, wherein:

‘the data stream source produces the data stream further
including a data module and a directory module which contains
information related to the data module; and



20 The client conputer of claim 10 wherein the distributed conptting: --==m==
application is di \r/rPded into a plurality of nodul es, represinﬁf-n@“p@d\’?ﬁ%n “’?T_7
of the application, and the processing unit stores only no uI es QQ d‘g% !
plurality of 5 modul es, necessary to execute the current p(p_"t'fén ft___‘q:
appl i cation. e

30
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~ the client computer extracts the data module from the data
stream responsive to information related to the data module in the
extracted directory module and executes the extracted code module
to process the extracted data module.

14. In a distributed computer system, a client computer,
comprising: '

an input terminal, for receiving a data stream including data
representing a distributed computing application which is
repetitively transmitted independently of said client computer, said
data stream arranged in a series of packets, at least onc of which
includes a directory containing information inter-relating omes of the
packets containing said distributed computing application;

a data stream receiver, coupled to the input terminal, for
receiving the data stream, extracting the directory packet and
responsive to the directory, extracting packets containing said
distributed computing application representative data; and

a processing unit, coupled to the data stream receiver, for
assembling said distributed computing application and executing the
distributed computing application.

15. The client computer of claim 14, wherein:

said distributed computing application is segmented into
~modules and the modules are segmented into a series of packets;

and

the data stream receiver includes a packet data extractor,
coupled to the input terminal, for extracting the packets carrying the
distributed computing application representative data;
and

said client computer includes insufficient memory to load a
complete distributed computing application and said distributed
computing application conditions the packet extractor to extract
program modules from the data stream as needed to continue
execution of the said distributed computing application. '
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ABSTRACT OF THE DISCLOSURE
A DISTRIBUTED COMPUTER SYSTEM

A distributed computer system is disclosed which comprises
a source.(Z0) of a continuous data stream repetitively including
data representing a distributed computing application and a
client computer (22), receiving the data stream, for extracting
5 (207) the distributed computing application representative data
from the data stream, and executing (224) the extracted
distributed computing application.

Fig 4
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