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(57) ABSTRACT 

A method, a computer readable medium, and a system are 
provided for controlling computer system operation during 
execution of the computer system. At least one attribute 
change of a computer system to occur during the execution 
of the computer system is identi?ed. The attribute change is 
associated With a state change in the computer system such 
that indication of the state change triggers the attribute 
change. An index point is identi?ed at Which point the state 
change is to occur. The state change is associated With the 
index point, and When the index point is reached during the 
course of computer system execution, the attribute change is 
triggered automatically upon the index point being reached. 
The method, computer readable medium, and system can be 
used for controlling computer system execution in a broad 
cast environment or used to emulate computer system 
execution. 
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METHOD AND SYSTEM FOR PROVIDING 
FLEXIBLE TIME-BASED CONTROL OF 

APPLICATION APPEARANCE AND BEHAVIOR 

FIELD OF THE INVENTION 

[0001] This invention relates generally to computer soft 
Ware applications and, more speci?cally, to timing, control, 
and execution of softWare applications. 

BACKGROUND OF THE INVENTION 

[0002] The improved price-performance of digital tech 
nology has made possible the advent of digital media 
broadcasting. The reduced cost of microprocessors, digital 
memory, and related devices has made it possible to place 
computers in set-top boxes (STBs) and related devices to 
receive digital cable or digital satellite television signals and 
decode those signals into audio-visual programs. 

[0003] The advent of digital television broadcasting and 
the proliferation of STBs also makes it possible to enhance 
vieWers’ television experiences. In addition to transmitting 
video and audio data, digital media broadcasting alloWs 
additional data to be transmitted to the STBs With Which 
users can interact. By analogy, users can interact through an 
STB With data transmitted via the digital media broadcast 
the Way a computer user can interact With data available over 
the Internet. For example, digital television subscribers are 
already acquainted With an electronic program guide (EPG) 
function Which enables users to select and tune to particular 
programs and/or read about the programs being shoWn at 
present or at later points in time. 

[0004] The EPG is a rudimentary example of an interac 
tive television application exploiting the capability of the 
digital broadcast medium to transmit additional content and 
for the STB to execute this additional content. The computer 
functionality of STBs also makes other interactive television 
applications possible. With appropriately con?gured STBs, 
users potentially can play along With game shoWs, take tests 
in on-line distance learning courses, bid in on-line auctions, 
and otherWise actively engage the content being broadcast. 
STBs thus alloW users to have highly interactive television 
experiences. 
[0005] One type of additional content application Which is 
desirable in such a broadcast environment is one Which 
provides functionality synchroniZed With video or audio 
content on a broadcast channel. In the examples of interac 
tive game shoWs, on-line distance learning testing, and 
on-line auctions, it Would be highly desirable to provide 
application-speci?c behaviors in an STB Which are corre 
lated to associated video and audio streams being broadcast. 
Providing application-speci?c behaviors in the STB and 
correlating the application-speci?c behaviors With video and 
audio streams presents a number of concerns. These con 
cerns, and conventional responses to these concerns are 
described in detail in the co-pending patent applications 
incorporated by reference. Nonetheless, at least tWo of these 
concerns merit repeating. 

[0006] First, providing application speci?c behaviors to 
STBs conventionally involves transmitting application-spe 
ci?c program code to the STBs. The transmission Would be 
carried through the digital broadcast medium, just as video 
and audio data are transmitted. DoWnloading such applica 
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tions involves transmitting potentially many data packets, 
comprising vast numbers of data blocks, for each applica 
tion. A concern arises because video and audio data for the 
numerous channels being transmitted leaves little bandWidth 
for other data. Thus, it may be dif?cult to procure the 
bandWidth necessary to transmit large bodies of application 
speci?c programming to support desired behaviors in STBs. 
Moreover, STBs may have relatively little random access 
memory (RAM) in Which to store signi?cant applications. 

[0007] Second, synchroniZing behaviors of the application 
speci?c programming With a series of events in the video 
and audio data can be dif?cult. Applications of this type 
conventionally use asynchronous trigger signals embedded 
in the broadcast signal. These asynchronous trigger signals 
can be dif?cult to deliver accurately When data blocks 
carrying such triggers must be multiplexed With so much 
other video and audio data transmitted in the medium. 
Further, these time-dependencies present particular concerns 
When a user engages a program already in progress and may 
have missed a timing synchroniZation event at the outset of 
the program. Correlating the application-speci?c program 
ming With the video and audio stream may be troublesome, 
if even possible. 

[0008] Developers of interactive programming or other 
programs for Which it is desired to transmit additional 
content to go along With video and audio data are suitably 
concerned With hoW to provide and correlate timing of such 
content. It is highly desirable to develop support in STBs to 
reduce data transmission needs and to alloW for correlation 
of application behaviors. Correspondingly, it is highly desir 
able for developers to be able to test and modify applications 
to ensure that they Will operate appropriately in the STB 
environment, and that the timing of events in such applica 
tions is appropriate. Similarly, it is highly desirable to be 
able to emulate program execution to monitor memory 
usage and other attributes of the applications to make sure 
that the applications Will run properly on STBs. It is impor 
tant that developers be able to revieW important portions of 
applications, and be able to make desired modi?cations. 

[0009] Thus, there are unmet needs in the art for facili 
tating ef?cient transfer of data in a broadcast environment 
that alloWs for accurately synchroniZed behavior by an 
application, as Well as for testing, monitoring, and modify 
ing such applications prior to transmission to ensure desired 
execution by users. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention enable pro 
vide support for controlling program appearance and behav 
ior during execution of a computer system. Behavioral 
attribute changes are correlated With state changes Which are 
associated With a list of triggering events Which initiate the 
behavioral changes. As a result, applications can be gener 
ated With provision of data in the form of collections of state 
changes and event lists Without having to generate or 
provide custom application code. 

[0011] More speci?cally, embodiments of the present 
invention provide a method, a computer readable medium, 
and a data system for controlling computer system operation 
during execution of the computer system. Using embodi 
ments of the present invention, at least one attribute change 
of a computer system to occur during execution of the 
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computer system is identi?ed. The attribute change is asso 
ciated With a state change occurring in the computer system 
such that the state change initiates the attribute change. 
Index points are identi?ed in the execution of the computer 
system indicative of When the state change is to occur. These 
index points are associated With appropriate state changes. 
Upon execution of the computer system, reaching events 
associated With the index points triggers the associated state 
changes and, thus, the associated attributes are changed 
automatically upon reaching the appropriate index points. 

[0012] Embodiments of the present invention suitably 
operate in a broadcast environment Where execution of the 
computer system is correlated With a media program, and the 
media program and data concerning attribute changes and 
index points are broadcast via digital transmission. Embodi 
ments of the present invention also suitably operate in an 
emulation environment Where the media program and data 
concerning attribute changes and index points are loaded 
into an emulator Where their presentation can be tested, 
monitored, and revised if necessary. 

[0013] In accordance With further aspects of the invention, 
the index points are collected into index tables, and the state 
changes are collected in state tables. The index table and the 
associated state table can be modi?ed, updated, and/or 
transmitted independently of one another, and can be sepa 
rately or sequentially loaded from a data stream containing 
the index table and the state table. The index table and state 
table can be received from a broadcast netWork and vieWed 
at that time or stored for later execution. The index table and 
state table also can be stored directly on a system and 
executed in an emulation environment to monitor applica 
tion behaviors according to an emulated passage of time. 
The emulated passage of time can be modi?ed to scrutiniZe 
resulting behaviors to alloW for monitoring of application 
parameters, and to alloW for modi?cation of the index table 
and state table to adjust application behaviors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The preferred and alternative embodiments of the 
present invention are described in detail beloW With refer 
ence to the folloWing draWings. 

[0015] FIG. 1 shoWs a timeline of event triggers driving 
an index table and a state table for controlling an interactive 
softWare application according to an embodiment of the 
present invention; 

[0016] FIG. 2 is a ?oWchart of a routine for executing 
state changes and index points in an index table according to 
an embodiment of the present invention; 

[0017] FIG. 3 is a ?oWchart of a routine for emulating 
state changes and index points in an index table according to 
an embodiment of the present invention; 

[0018] FIG. 4 is a is a set of WindoWs for revieWing and 
revising attribute changes and index points; 

[0019] FIG. 5 is a block diagram of an environment for 
creating, disseminating and using applications using an 
embodiment of the present invention; 

[0020] FIG. 6 is a block diagram of an interpreter execut 
ing an application using state changes and index points in 
accordance With an embodiment of the present invention; 
and 
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[0021] FIG. 7 is a block diagram of a data processing/ 
media control system for executing or emulating applica 
tions according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] By Way of overvieW, embodiments of the present 
invention provide a method, a computer readable medium, 
and a data system for controlling computer system operation 
during execution of the computer system. Using embodi 
ments of the present invention, at least one attribute change 
of a computer system to occur during execution of the 
computer system is identi?ed. The attribute change is asso 
ciated With a state change occurring in the computer system 
such that the state change initiates the attribute change. 
Index points are identi?ed in the execution of the computer 
system indicative of When the state change is to occur. These 
index points are associated With appropriate state changes. 
Upon execution of the computer system, reaching events 
associated With the index points triggers the associated state 
changes and, thus, the associated attributes are changed 
automatically upon reaching the appropriate index points. 
Embodiments of the present invention suitably operate in a 
broadcast environment Where execution of the computer 
system is correlated With a media program, and the media 
program and data concerning attribute changes and index 
points are broadcast via digital transmission. Embodiments 
of the present invention also suitably operate in an emulation 
environment Where the media program and data concerning 
attribute changes and index points are loaded into an emu 
lator Where their presentation can be tested, monitored, and 
revised if necessary. 

[0023] FIG. 1 shoWs exemplary interaction betWeen a 
video timeline 102 for a program With identi?ed events 104, 
106, 108, and 110, an index table 112, a plurality of state 
changes collected in a state table 114, and a program display 
116 in one embodiment of the invention that is given by Way 
of a non-limiting example. The operation of the state 
changes stored in the state table 114, the operation of the 
index points contained in the index table 112, and a facility 
for generating such control information as manifested in the 
tables 112 and 114 are further described in the concurrently 
?led, co-pending patent applications entitled “METHOD 
AND SYSTEM FOR AUTOMATIC CONTROL OF 
GRAPHICAL COMPUTER APPLICATION APPEAR 
AN CE AND EXECUTION,” bearing attorney docket num 
ber ENSE-1-1003, “METHOD AND SYSTEM FOR FLEX 
IBLE TIME-BASED CONTROL OF APPEARANCE AND 
BEHAVIOR OF SOFTWARE APPLICATION,” bearing 
attorney docket number ENSE-1-1004, and “METHOD 
AND SYSTEM FOR GENERATING FLEXIBLE TIME 
BASED CONTROL OF APPLICATION APPEARANCE 
AND BEHAVIOR,” bearing attorney docket number ENSE 
1-1010, respectively, the contents of Which are hereby 
incorporated by reference. 

[0024] The video timeline 102 depicts four sequences in 
the program, including an introduction 124, Part 1 126, Part 
2 128, and Part 3 130. The beginnings of these sequences 
124, 126, 128, and 130 are identi?ed as events 104, 106, 
108, and 110, respectively, to be used in correlating presen 
tation of additional content. The events 104, 106, 108, and 
110 are thus associated With index points 174, 176, 178, and 
181 and collected in the index table 112 in sequential order. 
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In turn, each of the index points 174, 176, 178, and 181 are 
associated With a state 144, 146, 148, and 150, respectively, 
in the state table 114. The state table 114 also lists three 
program attributes 164, 166, and 168 Which control appear 
ance and behavior of the program as shoWn on the program 
display 116. As a result, as the video timeline 102 progresses 
With presentation of the program, each of the events 104, 
106, 108, and 110 are reached. Reaching each of these 
events 104, 106, 108, and 110 triggers index points 174, 176, 
178, and 181, respectively, in the index table 112. Reaching 
index points 174, 176, 178, and 181 in the index table 112 
triggers state changes to states 144, 146, 148, and 150, 
respectively, thereby potentially changing each of the pro 
gram attributes appearing on the program display 116. 

[0025] More speci?cally, as represented on the video 
timeline 102, the program commences at a beginning asso 
ciated With event 104. The event 104, Which occurs at 
“frame 0” at the beginning of the program, is associated With 
index point 174 and state 144, Which is a ?rst state in the 
state table 114. At the state 144, a program attribute “btn.vis 
ible”180 is set to “T”182 for true, thereby making a button 
184 appear on the program display 116. Aprogram attribute 
“image.?le”186 is set to “a”188, thereby making an asso 
ciated image 190 appear on the program display. Aprogram 
attribute “screen.color”192 is set to “6194, changing a 
color of a background on the program display 116. 

[0026] The program continues to progress according to the 
video timeline 102 and reaches the event 106 Which occurs 
at “frame i” at the beginning of a next segment of the 
program. The event 106 occurs at “frame i” and is associated 
With index point 176 and state 146. Thus, upon reaching 
event 106, index point 176 automatically triggers the state 
change to state 146. At the state 146, the program attribute 
“btn.visible”180 is set to “F”196 for false, thereby making 
the button 184 disappear from the program display 116. The 
program attribute “image.?le”186 is set to “b”198, making 
an associated image (not shoWn) appear on the program 
display in the place of image 190. The program attribute 
“screen.color”192 is set to “8”199, again changing a color of 
a background on the program display. Similarly, as the 
events 108 at “frame j” and 110 at “frame k” are reached, 
index points 178 and 181, respectively, trigger state changes 
in the state table 114 to the states 148 and 150, respectively, 
thereby changing the appearance and behavior of the pro 
gram as evidenced by the appearance of the display screen 
116. In sum, When events logged as index points are reached 
during execution of the program, states changes associated 
With the index points are triggered, initiating associated 
attribute changes. 

[0027] It Will be appreciated that execution of an applica 
tion as described by the non-limiting example advanta 
geously can be performed upon actual execution of the 
application at a vieWer/user location or in emulating the 
execution of the application prior to dissemination of the 
application. In the former case, the application might be 
executed by a STB Which ?rst loads the state change and 
index point information, then executes the state changes 
according to the index points. In the latter case, the appli 
cation might be executed on a computer emulating the STB 
environment by loading the state change and index point 
information and alloWing program developers or editors to 
monitor hoW the application Will execute in a vieW/user 
environment. FIGS. 2 and 3 shoW routines for hoW such 
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execution and emulation, respectively, can be performed 
according to embodiments of the present invention. 

[0028] FIG. 2 shoWs a ?oWchart of a routine 200 for 
executing an application implemented using a series of state 
changes and index points collected in a state table and an 
index table, respectively. In this non-limiting example, the 
routine can be conceived as executing in a STB suitably 
coupled With a television or other monitoring equipment. 
The routine commences at a block 210. At a block 220, a 
state table is loaded, the state table listing the state changes 
Which de?ne the behaviors of the application. At a block 
230, an index table is loaded. The index table lists the index 
points Which trigger state changes listed in the state table. It 
Will be appreciated that either the loading of the state table 
at the block 220 or the loading of the index table at the block 
230 may be performed ?rst. In addition, if either a current 
state table or a current index table is already resident in the 
STB, only that table Which Was not previously loaded is 
loaded in the routine. Thus, if current versions of both tables 
already are loaded in the STB, neither need be loaded again. 
It Will be appreciated, therefore, that if one of the tables is 
updated or revised, only the revised table Would have to be 
received. Accordingly, only the revised table Would have to 
be transmitted, thereby saving on bandWidth. 

[0029] It Will also be appreciated that, While the attribute 
changes are correlated into state changes and collected in a 
state table, information determining the attribute changes 
also could be collected in object-speci?c lists and other 
forms. Similarly, While index points have been collected into 
index tables for purposes of this non-limiting example, 
index points also could be collected into index lists or 
presented in other Ways. For clarity and brevity of explana 
tion, the term state table is used to refer to a collection of 
state change/attribute change data, and the term index table 
is used to refer to a collection of index point data. 

[0030] Once the state table and index table have been 
loaded, program sequence execution is initiated at a block 
240. If the vieWer or user has engaged the program at the 
time of program broadcast, initiation of the program 
sequence at the block 240 could be triggered at a broadcast 
site. Alternatively, if the vieWer or user later engages the 
program time from a recording device, that same program 
initiation signal embedded in the broadcast suitably initiates 
program execution upon replaying of the broadcast. In any 
case, initiation of program execution then begins a passage 
of time or a sequence of events Which correspond With the 
index points received in the index table, thereby facilitating 
program execution. 

[0031] As the program executes, video and/or audio infor 
mation is decoded and presented to the user, along With any 
continuous content stored in the data included With the 
program. When an index point is reached at a decision block 
250, associated state or attribute changes are made at a block 
260. Again, the operations of state tables and index points 
are further described in the concurrently-?led, co-pending 
patent applications entitled “METHOD AND SYSTEM 
FOR AUTOMATIC CONTROL OF GRAPHICAL COM 
PUTER APPLICATION APPEARANCE AND EXECU 
TION,” bearing attorney docket number ENSE-1-1003, and 
“METHOD AND SYSTEM FOR FLEXIBLE TIME 
BASED CONTROL OF APPEARANCE AND BEHAVIOR 
OF SOFTWARE APPLICATION,” bearing attorney docket 
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number ENSE-1-1004, respectively, the contents of Which 
are hereby incorporated by reference. If index points are not 
being reached at the decision block 250, the routine checks 
to see if the last index point has been reached at a decision 
block 270. If not, the routine loops to the decision block 250 
until an index point is reached at the decision block 250 or 
a last index point is reached at the decision block 270. If a 
last index point is reached at the decision block 270, the 
application ends at a block 280. 

[0032] FIG. 3 is a ?oWchart of a routine 300 for emulating 
execution of the application. The routine 300 commences at 
a block 310 and, like the routine 200 (FIG. 2) starts by 
loading a state table at a block 320 and loading an index 
table at a block 330. It Will be appreciated that loading of 
either table could proceed ?rst. It Will also be appreciated 
that, in an emulator environment, the tables likely Will be 
loaded from a local storage device rather than received from 
a broadcast medium. For a non-limiting example, the routine 
300 suitably is executed on a computer on Which the state 
table and index table have been stored on a hard disk or other 
recording medium. The computer suitably may be the same 
device on Which the application and tables previously have 
been created. 

[0033] Once the tables are loaded, at a block 340, execu 
tion parameters are monitored. These parameters suitably 
include utiliZation of memory or other resources, execution 
time and other-time related information, or other parameters. 
AlloWing an operator to monitor these parameters alloWs the 
operator to further ensure proper run-time behavior once the 
application is broadcast. 

[0034] At a block 350, the operator controls an emulated 
passage of time. At the block 350, the operator can let the 
application execute according to an ordinary timing 
sequence that might be expected in a broadcast environment. 
Alternatively, the operator can execute the application in 
sloW motion at a sloWer execution rate than Would normally 
be expected. Alternatively, the operator can execute the 
application one time unit or frame at a time. Alternatively, 
the operator can execute the application more rapidly than 
Would be expected in a broadcast situation. Also, the opera 
tor can move backWard as Well as forWard through appli 
cation execution to revieW to his or her satisfaction opera 
tion of the application. 

[0035] As the passage of time is emulated, at a decision 
block 360 it is determined if an index point has been 
reached. Once an index point has been reached, at a block 
370 the associated behavioral changes, including state 
changes, are executed. At a decision block 380, the operator 
determines Whether the behavioral changes resulting from 
the interaction of the state changes in the state table, the 
index points in the index table, and the emulated passage of 
time yield an acceptable result. If the result is acceptable, the 
operator continues With the control of the emulated passage 
of time at the block 350 to further emulate the application. 
If the result is not acceptable, at a decision block 380, the 
operator can revise the state changes in the state table or the 
index points in the index table to modify the execution of the 
application. After making such modi?cations, the routine 
resumes With the operator’s control of the emulated passage 
of time at the block 350 to further emulate application 
execution. In this Way, the operator can execute an aspect of 
the application that Was just revised to determine if the 
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revisions are acceptable. The operator can continue With the 
emulated control of time at the block 350 inde?nitely, or the 
operator can choose to terminate emulation of the applica 
tion at any time (not shoWn). 

[0036] FIG. 4 shoWs an exemplary embodiment of a 
monitoring environment 470 in Which the routine of FIG. 3 
suitably is implemented for emulating execution of the 
application. The emulating environment includes a vieWing 
WindoW 472 for shoWing the program including attribute 
changes 474 generated. An application icon 476 is situated 
on the screen to signal to a vieWer that the object on the 
screen marked by the application icon 476 is of interest to 
him or her. An application icon 476 can be used, for 
example, to signal a vieWer interaction opportunity, such as 
the user having a chance to purchase the item marked With 
the application icon 476 through the use of his or her 
keyboard or remote control. An application WindoW alloWs 
478 alloWs for text- and command-drive manipulation of 
code associated With the attribute changes, if the developer 
desires to make changes beyond or in addition to those that 
can be made through manipulation of the tables. A status 
WindoW 480 textually presents a list of functions being 
executed to present the attribute changes shoWn so that the 
developer can monitor What is causing the attributes shoWn 
on the screen. 

[0037] For testing interactive programs, a recording Win 
doW 482 and a remote WindoW 484 are provided. The 
developer can simulate hoW a vieWer or user of an interac 
tive program might interact With a STB or other device to 
engage the program. For example, if a program such as a 
cooking shoW offers opportunities to purchase merchandise, 
the developer can click on a screen button 485 to simulate 
a user making a choice on a keypad. As a result, this alloWs 
the developer to determine hoW Well interactive attribute 
changes he or she created Will function. Similarly, the 
recording WindoW 482 records actions of the simulated user 
to alloW the interactive program to be played back to revieW 
hoW Well the interactive functionality operated. A resource 
monitoring WindoW 486 also alloWs the developer to moni 
tor system resource usage, such as memory usage, to deter 
mine Whether the program meets practical constraints and 
objectives. 

[0038] FIG. 5 shoWs a block diagram of an exemplary 
system embodiment of the present invention in a production 
and broadcast environment. Applications are created in an 
authoring environment 510. Suitably, the applications are 
emulated there according to the routine 300 (FIG. 3) to 
determine if they Will execute satisfactorily in a broadcast 
environment. Once the application has been satisfactorily 
authored in the authoring environment 510, the application 
is disseminated in a broadcast environment 520. As previ 
ously described, digital applications can be transmitted via 
digital cable transmission, digital satellite transmission, or 
also may be transmitted via the Internet or other means. The 
application, including the state changes and the index points 
(not shoWn) are received at an STE 530 Where they are 
processed by an interpreter 540 executing in the STE 530. 
The interpreter 540 receives and processes the state changes 
and index points, such as in the manner described in the 
routine 200 (FIG. 2). The output of the interpreter 540 is 
presented to a user or vieWer via a monitor 550, Which 
suitably is a television, an audiovisual monitor, a computer, 
or another device equipped to process the application. 



US 2004/0010792 A1 

[0039] As previously described, interaction With an appli 
cation is possible through the interpreter 540 and the STE 
530. Applications suitably alloW for interaction not only at 
the STE 530 level, but also at a broadcast site level, as in the 
examples of on-line testing, on-line auctions, and similar 
applications. In such cases, a return path 560 alloWs for 
user/vieWer input back to the broadcast site Which can be 
incorporated by a dynamic transmission processor 570 
responsive to user/vieWer input. For example, if the appli 
cation invites vieWers to take place in an on-line poll, votes 
gathered by the interpreter 540 can be transmitted via the 
STE 530 over the return path 560 to the dynamic transmis 
sion processor 570 Where the poll can be tallied. Results can 
be relayed via a live host or, if the audiovisual portion of the 
program is prerecorded, the results could be encoded as data 
and processed by the interpreter 540 in the STE 530 to be 
presented to the user. It Will be appreciated that the return 
path 560 for digital STBs suitably is a phone line through 
Which users order pay-per-vieW movies and through Which 
other transactions are processed. The return path 560 could 
be a phone line, a return band through the digital broadcast 
medium, or another implementation. 

[0040] It Will be appreciated that the application could be 
emulated by a system capable to mimic the functions of the 
STE 530 and the interpreter 540. In an emulation environ 
ment, the application Would not be broadcast, but instead it 
Would be loaded from a local medium and executed. Func 
tions of the dynamic processor 570 in response to user 
actions could be simulated locally as Well. 

[0041] FIG. 6 shoWs a block diagram of one presently 
preferred embodiment of the interpreter 540. The interpreter 
540 processes index points 602 and state changes collected 
in a state table 606 via an execution model 604. The 
execution model 604 contains standard function calls to 
interpret functions invoked in the state table. The execution 
model 604 also is responsive to the index points to sequence 
through the state table as dictated by the application behav 
iors encoded in the state table 606. In one presently preferred 
embodiment, as the execution model 604 steps through each 
state change in the state table, speci?ed operands in the state 
changes are pushed onto an execution stack 608. Abyte code 
interpreter 610 then retrieves these operands Which, for 
non-limiting examples, can be values or additional function 
code. The byte-code interpreter 610 then implements the 
behaviors that Were encoded in the state table 606, triggered 
by the index points 602, and directed by the execution model 
604 to the execution stack 608. 

[0042] FIG. 6 does not shoW a clock or other synchro 
niZing device, although it Will be appreciated that some 
indication of passage of time, Whether a frame number 
count, elapsed time, or other such indicator is desired to 
drive execution of the computer system. For stored pro 
grams and data, a system clock, reading of frame or other 
sequence numbers, or similar means can be used to drive 
execution of the system in a standalone or emulation envi 
ronment. In a broadcast environment, time or frame indica 
tors Would be broadcast or a system clock suitably synchro 
niZed to a broadcast time or counter could be used to drive 
execution of the computer system. 

[0043] FIG. 7 shoWs a computer system 700, Which could 
be in the form of a media controller, STB, or emulator 
station operable for using embodiments of the present inven 
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tion. The computer system 700 is operable for controlling a 
display 702, such as a television, and an audio subsystem 
704, such as a stereo or a loudspeaker system. The computer 
system 700 receives input from a netWork or storage 706 in 
the case of the STB or the emulator station, respectively. The 
computer system 700 also receives user input from a Wired 
or Wireless user keypad 708, Which may be in the nature of 
a STB remote, a computer keyboard, or another input 
device. 

[0044] The computer system 700 receives input via an 
input/output controller 710, Which directs signals to and 
from a video controller 712, an audio controller 714, and a 
central processing unit (CPU) 716. In the case of a STB, the 
input/output controller 710 suitably is a multiplexer for 
routing video data blocks received to a video controller 712 
in the nature of a video decoder, audio data blocks to an 
audio controller 714 in the nature of an audio decoder, and 
for routing other data blocks to a CPU 716 for processing. 
In turn, the CPU 716 communicates through a system 
controller 718 With input and storage devices such as read 
only memory (ROM) 720, system memory 722, system 
storage 724, and input device controller 726. 

[0045] The computer system 700 shoWn in FIG. 7 thus 
can receive state changes collected in state tables and index 
points collected in index tables and pass them through the 
input/output controller 710 to the CPU 716 Where they Will 
be processed through the system controller 718, suitably in 
response to user input gathered through the user keypad 708 
and the input device controller 726. The state changes 
collected in the table can then be executed and/or modi?ed 
as triggered by the index points in the index table as 
previously described in connection With the foregoing 
example, method ?oWcharts, block diagrams, and co-pend 
ing patent applications incorporated by reference. User input 
or emulated user input can be returned by the input device 
controller 726 through the system controller 718 to the CPU 
716 for processing. In turn, the CPU 716 transmits the 
information through the input/output controller 710 to the 
netWork or storage 706 as appropriate. 

[0046] While the preferred embodiment of the invention 
has been illustrated and described, as noted above, many 
changes can be made Without departing from the spirit and 
scope of the invention. Accordingly, the scope of the inven 
tion is not limited by the disclosure of the preferred embodi 
ment. Instead, the invention should be determined entirely 
by reference to the claims that folloW. 

What is claimed is: 
1. A method for controlling computer system operation 

during execution of the computer system, the method com 
prising: 

identifying at least one attribute change of a computer 
system to occur during execution of the computer 
system; 

associating the attribute change With a state change in the 
computer system such that indication of the state 
change triggers the attribute change; 

identifying an index point in the execution of the com 
puter system indicative of When the state change is to 
occur; 
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associating the index point in the computer system With 
the state change; and 

triggering the state change in the computer system upon 
reaching the index point associated With the state 
change, such that the attribute is changed automatically 
upon the index point being reached. 

2. The method of claim 1, Wherein each of the index 
points associated With the state changes is collected in an 
index table. 

3. The method of claim 2, Wherein the index table 
includes a ?rst column listing the index points and a second 
column listing the associated state changes. 

4. The method of claim 2, Wherein the index table is 
ordered by sequential occurrence of the index points. 

5. The method of claim 1, Wherein state changes for 
attribute changes are collected in a state table, the state table 
listing the attribute changes along a ?rst dimension of the 
state table and the state changes along a second dimension 
of the state table such that as each current state change is 
reached, each attribute change associated With the current 
state change is triggered. 

6. The method of claim 5, Wherein the index table and the 
state table are revisable independently of each other such 
that changing one of the index table or the state table does 
not necessitate changing both the index table and the state 
table. 

7. The method of claim 5, further comprising one of 
sequentially loading or separately loading the index table 
and its associated state table from a data stream received by 
the computer system. 

8. The method of claim 1, Wherein the execution of the 
computer system is based on a sequence of state changes and 
index points received from a broadcast netWork. 

9. The method of claim 8, Wherein the sequence of state 
changes and the index points are received from the broadcast 
netWork and stored for subsequent execution. 

10. The method of claim 1, Wherein the execution of the 
computer system is based on a sequence of state changes and 
index points stored on the computer system. 

11. The method of claim 10, Wherein passage of time for 
controlling the execution of the computer system is emu 
lated and is manipulable for emulating actual execution of 
the computer system during actual passage of time. 

12. The method of claim 11, Wherein parameters for 
emulating actual execution of the computer system are 
monitorable. 

13. The method of claim 12, Wherein the parameters 
include execution running time. 

14. The method of claim 12, Wherein the parameters 
include memory usage. 

15. The method of claim 11, Wherein the sequence of state 
changes and index points is revisable for controlling the 
execution of the computer system during the actual passage 
of time. 

16. A method for controlling computer system operation 
during execution of the computer system, the method com 
prising: 

running an execution manager including: 

receiving external data that determines at least a ?rst set 
of behaviors of execution of a computer system; 

executing a plurality of functions responsive to the 
external data received; and 
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processing the external data, the external data including: 

a state table con?gured to collect a plurality of attribute 
changes occurring during execution of the computer 
system, the state table being further con?gured to 
assign the attribute changes to a plurality of state 
changes; and 

a series of index points triggering the state changes in 
the state table upon the occurrence of events occur 
ring during execution of the computer system. 

17. The method of claim 16, Wherein each of the index 
points associated With the state changes is collected in an 
index table. 

18. The method of claim 17, Wherein the index table 
includes a ?rst column listing the index points and a second 
column listing the associated state changes. 

19. The method of claim 17, Wherein the index table is 
ordered by sequential occurrence of the index points. 

20. The method of claim 16, Wherein the state table lists 
the attribute changes along a ?rst dimension of the state table 
and the state changes along a second dimension of the state 
table such that as each current state change is reached, each 
attribute change associated With the current state change is 
triggered. 

21. The method of claim 20, Wherein an index point type 
for the attribute change is speci?ed Within the state table at 
an intersection of each attribute change associated With each 
state change. 

22. The method of claim 17, Wherein the index table and 
the state table are revisable independently of each other such 
that changing one of the index table or the state table does 
not necessitate changing both the index table and the state 
table. 

23. The method of claim 17, further comprising one of 
sequentially loading or separately loading the index table 
and its associated state table from a data stream received by 
the computer system. 

24. The method of claim 17, Wherein at least one of the 
state table and the index table is received from a broadcast 
netWork. 

25. The method of claim 24, Wherein the at least one of 
the state table and the index table is received from the 
broadcast netWork and stored for subsequent execution. 

26. The method of claim 16, Wherein the state table and 
the index table are stored on the computer system. 

27. The method of claim 26, Wherein passage of time for 
controlling the execution of the computer system is manipu 
lable for emulating actual execution of the computer system 
during actual passage of time. 

28. The method of claim 27, Wherein parameters for 
emulating actual execution of the computer system are 
monitorable. 

29. The method of claim 28, Wherein the parameters 
include execution running time. 

30. The method of claim 28, Wherein the parameters 
include memory usage. 

31. The method of claim 27, Wherein the sequence of state 
changes and index points revisable for modifying the execu 
tion of the computer system during the actual passage of 
time. 

32. A computer readable medium for controlling com 
puter system operation during execution of the computer 
system, the computer readable medium comprising: 
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?rst computer program code means for identifying at least 
one attribute change of a computer system to occur 
during execution of the computer system; 

second computer program code means for associating the 
attribute change With a state change in the computer 
system such that indication of the state change triggers 
the attribute change; 

third computer program code means for identifying an 
index point in the execution of the computer system 
indicative of When the state change is to occur; 

fourth computer program code means for associating the 
index point With the state change; and 

?fth computer program code means for triggering the 
state change in the computer system upon reaching the 
index point associated With the state change, such that 
the attribute is changed automatically upon the index 
point being reached. 

33. The computer readable medium of claim 32, further 
comprising sixth computer program code means for collect 
ing in an index table each of the index points associated With 
the state changes by the fourth computer program code 
means. 

34. The computer readable medium of claim 33, Wherein 
the sixth computer program code means generates the index 
table With a ?rst column listing the index points and a second 
column listing the associated state changes. 

35. The computer readable medium of claim 33, Wherein 
the sixth computer program code means orders the index 
table by sequential occurrence of the index points. 

36. The computer readable medium of claim 32, further 
comprising seventh computer program code means for col 
lecting state changes associated With the attribute changes 
by the second computer program code means in a state table, 
the state table listing the attribute changes along a ?rst 
dimension of the state table and the state changes along a 
second dimension of the state table such that as each current 
state change is reached, each attribute change associated 
With the current state change is triggered. 

37. The computer readable medium of claim 36, further 
comprising eighth computer program code means for pro 
viding for independently revising the index table and the 
state table such that changing one of the index table or the 
state table does not necessitate changing both the index table 
and the state table. 

38. The computer readable medium of claim 36, further 
comprising ninth computer program code means for provid 
ing one of sequentially loading or separately loading the 
index table and its associated state table from a data stream 
received by the computer system. 

39. The computer readable medium of claim 32, further 
comprising tenth computer program code means receiving 
the sequence of state changes and index points from a 
broadcast netWork. 

40. The computer readable medium of claim 39, Wherein 
the tenth computer program code means stores the sequence 
of state changes and the index points for subsequent execu 
tion. 

41. The computer readable medium of claim 32, further 
comprising eleventh computer program code means for 
controlling the execution of the computer system based on 
a sequence of state changes and index points stored on the 
computer system. 
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42. The computer readable medium of claim 41, further 
comprising tWelfth computer program code means for emu 
lating passage of time and manipulating the passage of time 
thereby alloWing for emulating actual execution of the 
computer system during actual passage of time. 

43. The computer readable medium of claim 42, further 
comprising thirteenth computer program code means for 
monitoring parameters for emulating actual execution of the 
computer system. 

44. The computer readable medium of claim 43, Wherein 
the parameters include execution running time. 

45. The computer readable medium of claim 43, Wherein 
the parameters include memory usage. 

46. The computer readable medium of claim 42, further 
comprising fourteenth computer program code means for 
revising the sequence of state changes and index points to 
modify the execution of the computer system during the 
actual passage of time. 

47. A computer readable medium for controlling com 
puter system operation during execution of the computer 
system, the method comprising: 

?rst computer program code means for running an execu 
tion manager including: 

second computer program code means receiving exter 
nal data, the external data determining at least a ?rst 
set of behaviors of execution of a computer system; 

third computer program code means for executing a 
plurality of functions, the plurality of functions being 
responsive to the external data received; and 

fourth computer program code means for processing the 
external data, the external data including: 

?fth computer program code means for collecting in a 
state table a plurality of attribute changes occurring 
during the execution of the computer system in a 
state table and assigning the attribute changes to a 
plurality of state changes; and 

sixth computer program code means for generating a 
series of index points triggering the state changes in 
the state table upon occurrence of events occurring 
during execution of the computer system. 

48. The computer readable medium of claim 47, further 
comprising seventh computer program code means for col 
lecting in an index table each of the index points associated 
With the state changes by the sixth computer program code 
means. 

49. The computer readable medium of claim 48, Wherein 
the seventh computer program code means generates the 
index table With a ?rst column listing the index points and 
a second column listing the associated state changes. 

50. The computer readable medium of claim 48, Wherein 
the seventh computer program code means orders the index 
table by sequential occurrence of the index points. 

51. The computer readable medium of claim 47, further 
comprising an eighth computer program code means for 
collecting state changes associated With the attribute 
changes by the ?fth computer program code means in a state 
table, the state table listing the attribute changes along a ?rst 
dimension of the state table and the state changes along a 
second dimension of the state table such that as each current 
state change is reached, each attribute change associated 
With the current state change is triggered. 
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52. The computer readable medium of claim 51, further 
comprising ninth computer program code means for inde 
pendently revising the index table and the state table such 
that changing one of the index table or the state table does 
not necessitate changing both the index table and the state 
table. 

53. The computer readable medium of claim 51, further 
comprising tenth computer program code means for one of 
sequentially loading or separately loading the index table 
and its associated state table from a data stream received by 
the computer system. 

54. The computer readable medium of claim 47, further 
comprising eleventh computer program code means for 
receiving the sequence of state changes and index points 
from a broadcast netWork. 

55. The computer readable medium of claim 54, Wherein 
the eleventh computer program code means includes means 
storing the sequence of state changes and the index points 
for subsequent execution. 

56. The computer readable medium of claim 47, further 
comprising tWelfth computer program code means for con 
trolling execution of the computer system based on a 
sequence of state changes and index points stored on the 
computer system. 

57. The computer readable medium of claim 56, further 
comprising thirteenth computer program code means for 
emulating a passage of time and manipulating passage of 
time thereby alloWing for emulating actual execution of the 
computer system during actual passage of time. 

58. The computer readable medium of claim 57, further 
comprising fourteenth computer program code means for 
monitoring parameters for emulating actual execution of the 
computer system. 

59. The computer readable medium of claim 58, Wherein 
the parameters include execution running time. 

60. The computer readable medium of claim 58, Wherein 
the parameters include memory usage. 

61. The computer readable medium of claim 57, further 
comprising ?fteenth computer program code means for 
revising the sequence of state changes, and Wherein index 
points are revisable to modify execution of the computer 
system during actual passage of time. 

62. A system for controlling computer system operation 
during execution of the computer system, the system com 
prising: 

a user interface including: 

a ?rst component con?gured to identify at least one 
attribute change of a computer system to occur 
during execution of the computer system; and 

a second component con?gured to associate the 
attribute change With a state change in the computer 
system such that indication of the state change 
triggers the attribute change; and 

a processor including: 

a third component con?gured to identify an index point 
in the execution of the computer system indicative of 
When the state change is to occur; 

a fourth component con?gured to associate the fourth 
index point With the state change; and 

a ?fth component con?gured to trigger the state change 
in the computer system upon reaching the index 
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point associated With the state change, such that the 
attribute is changed automatically upon the index 
point being reached. 

63. The system of claim 62, Wherein the processor further 
includes a sixth component con?gured to collect in an index 
table each of the index points associated With the state 
changes. 

64. The system of claim 63, Wherein the sixth component 
is further con?gured to generate the index table With a ?rst 
column listing the index points and a second column listing 
the associated state changes. 

65. The system of claim 63, Wherein the sixth component 
is further con?gured to order the index table by sequential 
occurrence of the index points. 

66. The system of claim 62, Wherein the processor further 
includes a seventh component con?gured to collect in a state 
table state changes associated With the attribute changes, the 
state table listing the attribute changes along a ?rst dimen 
sion of the state table and the state changes along a second 
dimension of the state table such that as each current state 
change is reached, each attribute change associated With the 
current state change is triggered. 

67. The system of claim 66, Wherein the processor further 
includes an eighth component con?gured to independently 
revise the index table and the state table such that changing 
one of the index table or the state table does not necessitate 
changing both the index table and the state table. 

68. The system of claim 66, Wherein the processor further 
includes a ninth component con?gured to perform one of 
sequentially loading or separately loading the index table 
and its associated state table from a data stream received by 
the computer system. 

69. The system of claim 62, Wherein the processor further 
includes a tenth component con?gured to receive the 
sequence of state changes and index points from a broadcast 
netWork. 

70. The system of claim 69, Wherein the tenth component 
is further con?gured to store the sequence of state changes 
and the index points for subsequent execution. 

71. The system of claim 62, Wherein the processor further 
includes an eleventh component con?gured to control 
execution of the computer system based on a sequence of 
state changes and index points stored on the computer 
system. 

72. The system of claim 71, Wherein the processor further 
includes a tWelfth component con?gured to emulate passage 
of time and to manipulate the passage of time thereby 
alloWing for emulating actual execution of the computer 
system during actual passage of time. 

73. The system of claim 72, Wherein the processor further 
includes a thirteenth component con?gured to monitor 
parameters for emulating of the actual execution computer 
system. 

74. The system of claim 73, Wherein the parameters 
include execution running time. 

75. The system of claim 73, Wherein the parameters 
include memory usage. 

76. The system of claim 72, Wherein the processor further 
includes a fourteenth component con?gured to revise the 
sequence of state changes and index points to modify 
execution of the computer system during actual passage of 
time. 
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77. A system for controlling computer system operation 
during execution of the computer system, the method com 
prising: 

a ?rst component con?gured to run an execution manager 
including: 

a second component con?gured to receive external 
data, the external data determining at least a ?rst set 
of behaviors of execution of a computer system; 

a third component con?gured to execute a plurality of 
functions being responsive to the external data 
received; and 

a fourth component con?gured to process the external 
data, the external data including: 

a state table con?gured to collect a plurality of attribute 
changes occurring during execution of the computer 
system, the state table being further con?gured to 
assign attribute changes to a plurality of state 
changes; and 

a series of index points triggering the state changes in 
the state table upon occurrence of events occurring 
during execution of the computer system. 

78. The system of claim 77, further comprising a ?fth 
component con?gured to collect each of the index points 
associated With the state changes by the sixth component in 
an index table. 

79. The system of claim 78, Wherein the ?fth component 
is further con?gured to generate the index table With a ?rst 
column listing the index points and a second column listing 
the associated state changes. 

80. The system of claim 78, Wherein the ?fth component 
is further con?gured to order the index table by sequential 
occurrence of the index points. 

81. The system of claim 77, further comprising a sixth 
component con?gured to collect in a state table state 
changes associated With the attribute changes, the state table 
listing the attribute changes along a ?rst dimension of the 
state table and the state changes along a second dimension 
of the state table such that as each current state change is 
reached, each attribute change associated With the current 
state change is triggered. 

82. The system of claim 81, further comprising a seventh 
component con?gured to provide for independently revising 
the index table and the state table such that changing one of 
the index table or the state table does not necessitate 
changing both the index table and the state table. 

83. The system of claim 81, further comprising an eighth 
component con?gured to perform one of sequentially load 
ing or separately loading the index table and its associated 
state table from a data stream received by the computer 
system. 

84. The system of claim 77, further comprising a ninth 
component con?gured to receive the sequence of state 
changes and index points from a broadcast netWork. 

85. The system of claim 84, Wherein the ninth component 
is further con?gured to store the sequence of state changes 
and the index points for subsequent execution. 

86. The system of claim 77, further comprising an tenth 
component con?gured to control execution of the computer 
system based on a sequence of state changes and index 
points stored on the computer system. 
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87. The system of claim 86, further comprising an elev 
enth component con?gured to emulate passage of time and 
manipulate the passage of time thereby alloWing for emu 
lating actual execution of the computer system during actual 
passage of time. 

88. The system of claim 87, further comprising a tWelfth 
component con?gured to monitor parameters for emulating 
actual execution of the computer system. 

89. The system of claim 88, Wherein the parameters 
include execution running time. 

90. The system of claim 88, Wherein the parameters 
include memory usage. 

91. The system of claim 87, further comprising a thir 
teenth component con?gured to revise the sequence of state 
changes and index points to modify execution of the com 
puter system during the actual passage of time. 

92. A method for controlling execution of a computer 
system during presentation of a media program, the method 
comprising: 

receiving a media program including at least one of video 
content and audio content; 

receiving related data correlated With the media program 
for controlling computer system execution during pre 
sentation of the media program; 

identifying in the related data an attribute change to occur 
during presentation of the media program; 

identifying in the related data an index point associated 
With the attribute change for triggering the attribute 
change upon detecting occurrence of the initiating 
event during presentation of the media program; 

presenting the media program; and 

detecting the initiating event associated With the index 
point and triggering the attribute change associated 
With the index point. 

93. A computer readable medium for controlling execu 
tion of a computer system during presentation of a media 
program, the computer readable medium comprising: 

?rst computer program code means for receiving a media 
program including at least one of video content and 
audio content; 

second computer program code means for receiving 
related data correlated With the media program for 
controlling computer system execution during presen 
tation of the media program; 

third computer program code means for identifying in the 
related data an attribute change to occur during pre 
sentation of the media program; 

fourth computer program code means for identifying in 
the related data an index point associated With the 
attribute change for triggering the attribute change 
upon detecting occurrence of the initiating event during 
presentation of the media program; 

?fth presenting the media program; 

detecting the initiating event associated With the index 
point and triggering the attribute change associated 
With the index point. 
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94. A system for controlling execution of a computer 
system during presentation of a media program, the system 
comprising: 

a receiver including: 

a ?rst component con?gured to receive a media pro 
gram including at least one of video content and 
audio content; and 

a second component con?gured to receive related data 
correlated With the media program for controlling 
computer system execution during presentation of 
the media program; and 

a processor including: 

a third component con?gured to identify in the related 
data an attribute change to occur during presentation 
of the media program; 

a fourth component con?gured to identify in the related 
data an index point associated With the attribute 
change for triggering the attribute change upon 
detecting occurrence of the initiating event during 
presentation of the media program; 

a ?fth component con?gured to present the media 
program; and 

a sixth component con?gured to detect the initiating 
event associated With the index point and trigger the 
attribute change associated With the index point. 

95. A method for emulating execution of a computer 
system during presentation of a media program, the method 
comprising: 

loading a media program including at least one of video 
content and audio content; 

loading related data correlated With the media program for 
controlling computer system execution during presen 
tation of the media program; 

identifying in the related data an attribute change to occur 
during presentation of the media program; 

identifying in the related data an index point associated 
With the attribute change for triggering the attribute 
change upon detecting occurrence of the initiating 
event during presentation of the media program; 

emulating presenting the media program; and 

detecting the initiating event associated With the index 
point and triggering the attribute change associated 
With the index point. 

96. A computer readable medium for emulating execution 
of a computer system during presentation of a media pro 
gram, the computer readable medium comprising: 
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?rst computer program code means for loading a media 
program including at least one of video content and 
audio content; 

second computer program code means for loading related 
data correlated With the media program for controlling 
computer system execution during presentation of the 
media program; 

third computer program code means for identifying in the 
related data an attribute change to occur during pre 
sentation of the media program; 

fourth computer program code means for identifying in 
the related data an index point associated With the 
attribute change for triggering the attribute change 
upon detecting occurrence of the initiating event during 
presentation of the media program; 

?fth emulating presenting the media program; and 

detecting the initiating event associated With the index 
point and triggering the attribute change associated 
With the index point. 

97. A system for emulating execution of a computer 
system during presentation of a media program, the system 
comprising: 

a receiver including: 

a ?rst component con?gured to load a media program 
including at least one of video content and audio 
content; and 

a second component con?gured to load related data 
correlated With the media program for controlling 
computer system execution during presentation of 
the media program; and 

a processor including: 

a third component con?gured to identify in the related 
data an attribute change to occur during presentation 
of the media program; 

a fourth component con?gured to identify in the related 
data an index point associated With the attribute 
change for triggering the attribute change upon 
detecting occurrence of the initiating event during 
presentation of the media program; 

a ?fth component con?gured to emulate presentation of 
the media program; and 

a sixth component con?gured to detect the initiating 
event associated With the index point and trigger the 
attribute change associated With the index point. 


