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METHODS AND APPARTUS FOR IMPROVED CONTENT DELIVERY
INCLUDING CONTENT DELIVERY STREAMS DYNAMICALLY POPULATED
IN RESPONSE TO USER REQUESTS

FIELD OF THE INVENTION

[0001] The present invention is directed to improved content delivery methods and
apparatus and, more particularly, to video content delivery methods and apparatus which
allow for recerving, recording and/or viewing multiple programs communicated at the same
time, e.g., with multiple programs being communicated and recovered from the same

commumnications channel, ¢.g., a single QAM communications channel.

BACKGROUND
[0002] A typical set top box (STB) has a limited number of RF tuners m 1t, e.g., one

or two such tuners. Each tuner allows the STB to tune to one communications channel,
e.g., QAM channel at a fime. Normally one program, e.g., TV program or movie, 18
recovered and displayed or recorded from each communications channel. Thus, in many
known systems_ a STB 1s designed to support recovery and recording and/or display of a
number of programs up to the namber of tuners in the STB. A STB has only two RF
tuners then, with existing implementations, 1t can typically only record two different
program channels simultancously, or record one program channel while it viewmg another
program channel.

[0003] STBs are increasingly being paired with recording devices and/or include
data storage capability which can be used to record and playback programs at a later time.

[00064]  As the number of television and other program channels continues to
increase, customers are faced with the increasing potential that programs of interest to the
customer will be broadcast during the same time slots, on the same or different program
channels. Given that set top boxes frequently only include one or two tuners, customers are
frequently presented with more programs, movies or other content of interest being
broadeast in a given time slot than there are tuners in the customer's STB. This presents the

customer with the dilemma of having to use multiple STBs and corresponding recording
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devices 1f the customer desires to record more programs during a given time perniod than
there are tuners in the customer's individual STB.

[0065] From a content provider's perspective, in order o provide customers an
opportunity to record or view content to the extent desired, the content provider may have
to repeat a broadcast of one or more programs 1o provide multiple recording/viewing
opportunities to allow customers adequate opportunity to view/record the communicated
content. Such repeated transmussions can be an mefficient use of communications
resources since the repeated transmission of one communication may preclude the
communication of new content or another program since communications bandwidth is a
Iimited resource.

[0006] While the need to retransmit content can be inefficient in the case of
breadcast programs such as television programs, the mefficient use of communications
bandwidth can be particularly costly in the case of content delivery m the case ofon
demand or premrmum content delivery. In such applications the number of communications
channels available for on-demand content or premium evenis may be relatively limited and
the need to repeatedly transmit a title or other program may result in foregomg revenue that
could have been obtamed by dehvenng additional content, e.g_, on demand oron a
premium channel.

[0007] In view of the above discussion, it should be appreciated that it would be
desirable if the number of different programs which could be simultaneously recetved and
recorded or viewed by a customer could be mcreased. Adding tuners to STBs may be one
way of achieving this objective. However, the cost of adding additional funers can be cost
prohibitive given the pnice sensitivity many consumers exhibit with regard to consumer
electronics. Furthermore, given the large number of STBs deployed by a cable company
and/or other content provider such as satellite providers, the cost of adding one or more
tuners to cach of a large number of STBs can represent a significant investment which may
or may not be justified by the increased efficiency and/or premium channel or pay per view
revenues that may be made possible by the additional hardware.

[0008] It should also be appreciated that there is a need for improved methods

and/or apparatus that can be used to allow a set top box or other device to receive multiple
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programs at the same time and then record or display the programs. It would be highly
desirable if the number of programs which could be received during a given time period
and then recorded or displayed could exceed the number of tuners in the device, e.g., STB
or other receiver, at the customer's premises.

[0009] In addition to improved methods and/or apparatus for implementing
customer premise devices, such as STBs and/or satellite receivers, it may be desirable if
improved methods of communicating programs to the customer premise devices could be
devised which could be used m conjunction with improved customer device methods to
make more efficient use of limited communications resources available for content
delivery. While improved delivery methods are desimable, it would be particularly
advantageous if, n at least some embodiments, the improved delivery methods did not

interfere with the operation of currently deployed set top boxes or receivers.

SUMMARY

[0010] Various embodiments of the present invention are directed to methods and
apparatus for the delivery of content, e.g., video program content, to users and for
mplementing and/or using customer premise equipment such as, e.g., STBs and satellite
receivers. Various features of the present invention are directed to customer premise device
methods and apparatus. Some exemplary methods and apparatus allow a customer premise
device, e.g., a set top box, 1o recerve and then record and/or display more programs than the
customer prenuse device includes tuners. Other features of the ivention are directed to
mmproved content dehivery methods, ¢.g., method of grouping and/or allocatmg programs to
commumnications channels for dehvery to facilitate recording of multiple programs at the
same time without the need for a large number of tuners.

[0011] The methods and apparatus of the present invention take advantage of a
commumnications channel’s ability to support a data rate that allows multiple programs to be
delivered using the same commmnications channel during a program delivery period. For
example, a single QAM communications channel may support the delivery of content
correspondmg 1o multiple program channels at the same time. Thus, a single QAM channel

may deliver program content corresponding to, e.g., four or more programs or titles at the
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same time, e.g., by delivering the content correspondmg to the different programs in a
multiplexed content delivery stream. While in some previous systems the content
comrespondmg to a single program corresponding to a communications channel, e.g., a
QAM channel would be recorded or displayed, in accordance with the mvention the content
corresponding to multiple programs communicated using the same channel are recorded
and/or displayed. Thus, the number of programs which can be recorded and/or displayed is
not limited to the mumber of tuners since individual communications channels to which a
tuner may be tuned can be used to provide data corresponding to multiple programs.

[0012] <Content delivery streams are used to deliver content to users. A content
delivery stream may mclude data corresponding to one or more programs. Different
content delivery steams may be delivered usmg different communications channels, e.g.,
QAM channels. In accordance with the mvention, a tuner can be controlled to tune to a
particular communications channel and receive via that channel content comresponding to
multiple program channels.

[0013] Some, but not necessarily all, embodiments mclude the mapping of
programs 1o communications channels in response to user requests for program content,
e.g., video on-demand requests and or orders for premium content. This process may
involve the construction, ¢.g., dynamic allocation of program content to a content delivery
stream, ¢.g., MPEG-2 Transport stream, in response to user requests for program content
and the delivery of the transport stream including content corresponding to multiple
programs via a commumnications channel, e.g., a QAM communicattons channel.

[0014] In some embodimments, dynamically constructed content delivery streams
include, for example, multiple television programs corresponding to the same broadcast
time slot, fixed time slot movies, fixed time slot sporting events, and/or pay-per view
programs. The selection of the particular mixture of programs mapped into an individual
content delivery stream and thus communications channel is a function, i some butnot
necessarily all embodiments, of user requests. In accordance with the present invention,
by mapping content, e.g., different programs, into the same content delivery stream
and delivering the content delivery stream via a correspondimg communications channel,

e.g., QAM channel, a customer’s device can be provided with content corresponding to
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multiple programs which can be recetved by a single tuner. Upon receipt, the data
corresponding to the multiple programs can, and in various embodiments is, recovered
without the need for more than a single tuner. In various embodiments, the modulated
miformation i1s commumnicated through the QAM channel is demodulated and then de-
multiplexed to form sets of data corresponding to the multiple requested programs. The
data corresponding to the multiple programs can then be recorded, e.g., simultaneously,
and/or displayed. This allows for an individual customer to receive multiple programs
durmg a given time penod with the number of programs which can be received and
recorded exceeding the number of tuners in the customer premise device being used by the
customer.

[0015] Thus for a particular user or set of users, at a given time, the bandwidth
allocated to particular QAM communications channel can be efficiently utilized, e.g., the
QAM communications channel 1s populated with specific user requested programs i a
manner that allows one or more users to recerve and record multiple programs and/or
content without the need for an equally large number of tuners.

[0016] After content 1s assigned to a communications channel in response to one or
more customer requests, the customer premise device, e.g., STB, comresponding to the
requesting customer is notified of the assignment of the content to a channel and can
receive the requested programs, movies and/or other content on the channel o which the
content 1s assigned. Other customers requesting the same programs may have their
correspondmmg customer premise devices mstructed to tune to a channel to which a
requested program has been assigned or have the requested content assigned 1o a new
commumnications channel depending on the number of requests and/or previous program to
communications channel assignments.

[0017] Thus, in some embodiments a set of users, corresponding to a content
delivery node have a plurality of dafferent QAM communications channels available for
reception. In various embodiments, a content service provider control node processes user
requests for content, maps requesied programs fo transport sireams which correspond to
commumnications channels, communicates mapping decision mformation to a content

distribution node, and then communicates QAM tuning information to users’ devices
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allowing the user devices to tune to the appropriate QAM channel or channels used to
communicate the requested content.

[0018] At the customer's premises, a user device, ¢.g., STB or satellite recetver, can
receive muliiple programs during the same time period on a single QAM channel, recover
the communicated program information and record the information corresponding to the
multiple programs. Assuming a single tuner can be used to recover N programs from a
single QAM channel and the user's STB has M tuners, where M and N are positive integers,
a smgle STB can be used 1o recover and record or playback MxN programs without the
need for more than M tuners. Assuming, for example that 6 programs can be transmitied
simultancously using a single QAM channel, and that a STB included two tuners, the STB
could be used to support recording of 12 programs transmitted during a given transnmussion
period as compared to 2 m the case where the STB is limited to supporting one program per
tuner.

[0019]  As should be appreciated, the program to channel mappmg approach of the
present invention provides a great deal of flexibility. Different sets of users i the conient
delivery system, corresponding to different content dehvery nodes, can and generally do,
have different mappings between requested programs and QAM communications channels,
e.g., as a result of the mapping of programs to QAM communications channels being
performed in response to different user requests.

[0020] While the dynamic mapping of programs to communications channels
provides a great deal of flexibility, 1t should be appreciated that the ability to recover and
record or display mformation comrespondimg to multiple programs communicated on a
single communications channel 1s not limited to such a dynamic program to
communications channel mapping embodiments. Customer premise devices, e.g.., STBs,
can, and in various embodiments of the mvention are, used to recover and support the
recording and/or display of multiple programs communicated using a communications
channel where the program fo channel mapping is predetermined and/or is determined not
In response to user requests but in response to other factors such as program broadcast
commitments, a tv schedule and or other factors which may be used to determine or set

content to communications channel mappings.
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[0021] Whaile various embodiments have been discussed in the summary above, it
should be appreciated that not necessarily all embodiments include the same features and
some of the features described above are not necessary but can be desirable 1n some
embodiments. Various additional features, advantages, and/or embodiments of the present

invention are discussed in the detailed description which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0022] Figure 1 compnsing the combmation of Figure 1A and Figure 1B 1s a
drawing illustrating exemplary communication, recording and playing of program
information in accordance with vanous embodiments of the present mvention.

[0023] TFigure 2 illustrates a feature of vanious embodiments of the present
invention, in which the selection of programs to be camried by a transport stream is a
function of end user program selection.

[0024] Figure 3 1s a drawing illustrating exemplary end user program selection,
control signalmg, transport siream construction, and content delivery in accordance with
variocus embodiments of the present mvention.

[0025] TFigure 4 1s a drawing of a flowchart of an exemplary method of operating a
recording and playback device.

[0026] TFigure 5 comprsing the combmation of Figure 5A and Figure 5Bisa
drawing of a flowchart of an exemplary method of operating a recording and playback
device.

[0027] TFigure 6 1s a drawing of an exemplary recording and playback apparatus
implemented m accordance with vanous embodiments of the present mvention.

[0028] Figure 7 1s a drawing including an exemplary program listing, exemplary
program mapping mformation and an exemplary flowchart in accordance with various
embodiments of the present the mmvention.

[0029] TFigure 8 1s a drawing including an exemplary program hsting, exemplary
program mapping mformation and an exemplary flowchart in accordance with various

embodiments of the present the invention.
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[0038] Figure 9 compnising the combmation of Figure 9A and Figure SBis a
drawing of a flowchart of an exemplary content delivery method in accordance with
vartous embodiments of the present invention.

[0031] TFigure 10 1s a drawing of a flowchart of an exemplary method of operating a
user device, e.g., a set top box, in accordance with various embodiments of the present
invention.

[0032] TFigure 11 1s a drawimng of an exemplary content dehvery system
mmplemented m accordance with the present invention.

[0033] TFigure 12 comprising the combination of Figure 12A and Figure 12Bisa
drawing of a flowchart of an exemplary method of operating a system used for recording
and playback of programs 1n accordance with the present invention.

[0034] TFigure 13 comprising the combination of Figure 13A and Figure 13B1sa
drawing of a flowchart of an exemplary method of operating a system used for recording
and playback of programs 1n accordance with the present mvention.

[0035] Tigure 14 1s a drawing illustrating exemplary updated program lists in
response 1o user selections of programs to be recorded, the generation of the updated
programs lists taking into consideration the number of QAM tuners m the set fop box, the
tuning status of the QAM recervers, and program to QAM channel mapping information.

[0036] TFigure 15 i1s a drawing illustrating exemplary updated program lists mn
response to user selections of programs to be recorded, the generation of the updated
programs lists taking ito consideration the number of QAM tuners in the set top box, the
tuning status of the QAM receivers, and program to QAM channel mapping information.

[0037] Figure 16 1s a drawmg of an exemplary content distribution system m which
program to QAM communications channel mapping is customized on a per content

distribution node basis m accordance with vanous embodimments of the present invention.

DETAILED DESCRIPTION

[0038] Various exemplary methods and apparatus of the present mvention will now

be discussed and described with reference to the figures.
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[0039] TFigure 1 compnsing the combmation of Figure 1A and Figure 1B 1s a
drawing 100 illustrating exemplary communication, recording and playing of program
information in accordance with vanous embodiments of the present mvention. For each
program to be communicated there are one or more elementary packet streams. Exemplary
elementary streams corresponding to a program inchade, e.g., 2 low level video stream, an
intermediate level video stream, a high level video stream and an audio stream. In Figure 1,
there are M exemplary programs to be communicated. Program 1 elementary packet
streams mformation 102 mcludes a plurality of elementary packet streams (packetized
clementary stream 1 108, ..., packetized elementary stream N 110). Packetized elementary
stream 1 108 mcludes a plurality of packetized clementary stream packets (PES packet 1
112, PES packet 2 114, PES packet 3 116, ....). Packetized elementary stream N 110
includes a plurality of packetized elementary stream packets (PES packet 1 118, PES
packet 2 120, PES packet 3 122, _..). Program M elementary packet streams mformation
104 mcludes a plurality of elementary packet streams {packetized elementary stream 1 124,
..., packetized elementary stream n 126). Packetized elementary stream 1 124 includes a
plurality of packetized elementary stream packets (PES packet 1 128, PES packet 2 130,
PES packet 3 132, ). Packetized elementary stream n 126 includes a plurality of
packetized elementary stream packets (PES packet 1 134, PES packet 2 136, PES packet 3
138, ....). PES packets can be, and sometimes are, of different size.

[0040] 1In addition to the elementary packets streams, there are also one or more
transport stream program specific mformation streams mcluding program mapping
information to be communicated. Exemplary transport streams program specific
mmformation streams mformation 106 mncludes a TS program spectfic mformation stream 1
140, e.g., a program association table stream and TS program specific information stream D
142, e.g., a program mapping table stream. TS program specific information stream 1 140
mmcludes a plurahity of program mformation stream (PSI) packets (PSI packet 1 144, PSI
packet 2 146, PS1packet 3 148, ...). TS program specific information stream D 142
includes a plurahty of program mformation stream (PSI) packets (PSI packet 1 150, PSI
packet 2 152, PSIpacket 3 154, ..). PSI packets can be, and sometimes are, of different

siZe.
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[0041] Packets from the various program elementary streams (108, 110, 124, 126)
and programs specific information streams (140, 142) are input to a transport stream packet
generator module 156 which generates and outputs transport stream 1 158. Transport
stream 1 158 mcludes a plurality of transport stream packets (TS packet 1 160, TS packet 2
162, ...). Each transport stream packet is of the same size. Each transport stream packet
includes a packet identifier (P1D) and a PES packet portion or a PSI packet portion. TS
packet 1 160 mcludes PID 164 and PES or PSI packet portion 166. TS packet 2 162
includes PID 168 and PES or PS1 packet portion 170.

[0042] Generated transport stream 1 158 is input to a QAM modulator 172. A taner
selection signal 174 for the QAM modulator is set for frequency band 1. The QAM
modulator generates and outputs QAM symbols over a communications channel using
frequency band 1, as represented by large arrow 176, the generated QAM symbols
conveying the transport stream 1 158.

[0043] In Figure 1B, QAM receiver demodulator 180, which 1s controllable, can
recetve information and process mformation comresponding to different transport streams, at
dafferent times. Large arrow 176, which is the output of Figure 1A, represents QAM
symbols over a communications channel using frequency band 1 conveying transport
stream 1 information. Large arrow 178 represents QAM symbols over a communications
channel using frequency band p conveying transport stream p information. QAM receiver
demodulator 180 receives tuner selection signal 182, whach at this time 1s set for band 1.
QAM receiver demodulator recetves and processes QAM symbols signals 176 and oulputs
transport siream 1 184, Fransport stream 1 184 is input to transport stream deconstruction
module 186 which recovers and outputs recovered PSI packets 188 and recovered PES
packets 190. The recovered PSIpackets are input to a PSI streams multiplexer 192 which
recovers and outputs one or more PSI streams (PSI stream 1 packets 196, .., PSI stream D
packets 198). Elementary stream and program demultiplexer module 194 receives
recovered PES packets 190 and PSI stream 1 packets 196 and PSI stream D packets 198 as
mputs. The packets of the PSI streams (196, ..., 198) provide control demuxing
mformation, which module 194 uses to map particular recovered packets PES packets back

to a program elementary stream of a particular program. Elementary streams
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correspondmg to the M programs are output from module 194, Corresponding to program
1, program 1 elementary stream 1 packets 199, ..., program 1 elementary stream N packets
197 are recovered. Corresponding to program M, program M elemeniary stream 1 packets
195, ..., program | clementary stream n packets 193 are recovered.

[0044] The various clementary streams ((199, ..., 197), ..., (195, ..., 193)) are input
to elementary stream connection control module 191. The elementary stream connection
control module 191 can, and sometimes does, couple a set of elementary streams
correspondmg 1o a program to one or more of a recording device 187 and a play device
185. Program/device matching control signals 189, input to connection control module
191, are used by module 191 to control coupling selection. In this example, at this time,
control signals 189 control programs 1 through program M-1 to be coupled to recording
device 187, as mdicated by arrows ({183, 181}, (179, 177)) and program M to be coupled to
play device 185, as mdicated by arrows {175, 173). Thus, play device 185 can be playing
program M at the same time that recording device 187 1s recording program 1 through
program M-1. Arrow 183 from recording device 187 fo play device 185 indicates that a
recorded program stored on recording device 187 may be accessed and played by play
device 185.

[0045] At different times, different programs may be, and sometimes are, coupled
to different devices. Sometimes, in some embodiments, some programs from the set of
programs communicated in the transport stream whach is recovered are coupled through
module 191, which other programs from the set of programs communicated 1n the same
transport siream are not coupled through module 191. In some embodiments, at some
times, some of the elementary transport streams cormresponding to a program are coupled
and/or used by recording device 187 and/or play device 185, while other elementary
streams corresponding 1o the same program are not coupled and/or used by the recording
device and/or play device 185. In some such embodiments, control signals 189 also control
selection of subsets of elementary streams. For example, a user's play device 185 may not
have high definition capability; therefore, elementary streams used for high definition are
not forwarded to recording device 187 and/or play device 185. As another example, high

definition video is a premium service to which a particular user has not subscribed; and
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therefore elementary streams used for high definition are not forwarded to recordmg device
187 and/or play device 185.

[0046] In one exemplary embodiment, the transport stream packet generator 158
and QAM modulator 172 are part of a content distribution node. In some such
embodiments, the tuner selection signal 174 i1s generated by a policy server node, e.g.. a
switched digital video (SDV) policy server node. In various embodiments, the QAM
recetver demodulator 180, transport stream deconstruction module 186, PSI streams
demultiplexer 192, elementary stream and program multiplexer 194 and elementary stream
connection control module 191 are included as part of a set top box (STB). In various
embodiments, the recording device 187 1s a dagital storage device, ¢.g., a DVR, atthe
customer premuse corresponding to the STB, and the play device 185 13, e.g2., a television
set, al the customer premise corresponding to the STB.

[0047] TFigure 2 illustrates in drawmg 200 a feature of vanous embodiments of the
present invention, in which the selection of programs to be carried by a transport stream s a
function of end user program selection. In the example of Figure 2, there are Ny available
programs {program 1 data/mformation 202, program 2 data/mformation 204, program 3
data/information 206, program 4 data/information 208, program 5 data/information 210,
program 6 data/mformation 212, program 7 data/information 214, program 8
data/information 216, program 9 data/mformation 218, program 10 data/mformation 220,
program 11 data/information 222, program 12 data/information 224, . program Nt
data/mformation 226. Each set of program data/information, e.g., program 2
data/information 204 includes one or more clementary packet streams, e.g., a low level
video stieam, an mtermediate level video stream, a high level video stream, an audio
stream, a first closed caption stream, a second closed caption stream, a foreign language
audio stream, etc.

[0048] The program data/information (202, 204, 206, 208,210, 212,214,216, 218,
220,222,224, ..., 226) are available as inputs to program selection module 228. Selection
control signals 230, which are a function of end user program request(s), are used by
program selection module 228 to control population of a transport stream. At this

particular time the selection control signal 230 indicates that programs (2,6, 9, 11 and Ny)
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are to be camed by a single transport stream, and module 228 forwards the correspondmg
data/information as indicated by dashed line arrows (232, 234, 236, 238, 240). Large arrow
242 represents that a plurality of selected programs are being carried on a single transport
stream, whereimn at Ieast some of the selected programs were selected 1 response to end
user program requests. The fransport stream packets corresponding to the phlarality of
selected programs are typically multiplexed in the transport stream.

[0049] TFigure 3 1s a drawing 300 illustrating exemplary end user program selection,
control signaling, transport stream constructon, and content delivery in accordance with
vartous embodiments of the present invention.

[0050] In drawing 300 there 1s a content delivery system including an SDV policy
server 301, a content distnibution node 303, and a plurality of set top boxes (STB A 305,
STB B 307, STB C 309). STB A 305 sends signal 352 to SDV policy server 301 to request
program channels 1,2, 3,4 & 5. The SDV policy server 301 receives the request signal
352 and generates control signal 354, which #t sends to content distribution node 303.
Conftrol signal 354 commands that channels 1, 2, 3, 4, & 5 be placed 1n a transport stream
commumnicated usmg QAM signals in frequency band X, Content distribution node 303
mplements the command. SDV policy server 301 sends tuner control signal 356 to STB A
305 notifying STB A 305 to set its QAM receiver/demodulator 311 to select band X.

[0051] Next, STB B 307 sends signal 358 to SDV policy server 301 to request
program channels 1, 2, 3. The SDV policy server 301 receives the request signal 358,
recognizes that the requested changes are already available on frequency band X and
generates tuner control signal 360, which it sends to STB B 307. Tuner control signal 360
notifies STB B 307 to set its QAM receiver/demodulator 313 to select band XU

[0052] Next, STB C 309 sends signal 362 to SDV policy server 301 to request
program channel 6. The SDV policy server 301 recerves the request signal 362 and
generates control signal 364, which 1t sends to content distribution node 303, In this
example, a transport stream corresponding to a frequency band can carryup to 5
multiplexed program channels; therefore, the transport siream for frequency band X is
cuarrently full. Control signal 364 commands that channel 6 be placed 1n a transport stream
communicated using QAM signals in frequency band Y. Content distribution mode 303
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mmplements the command. SDV policy server 301 sends tuner control signal 366 to STB C
309 notifying STB C 309 to set its QAM recerver/demodulator 315 to select band Y.

[0053] Next, STC 309 sends signal 368 1o SDV pelicy server 301, requesting
program channel 1. SDV policy server 301 sends control signal 370 {o content distnbution
node 303 commanding node 303 1o add program channel 1 to frequency band Y. Content
distribution node 303 implements the request.

[0054] Drawing 300 also includes mformation 319 identifying the programs being
camied by transport stream 1 using frequency band X over time, and information 321
identifying the programs being carried by transport stream 1 using frequency band X over
tme. Information 319 and 321 identifies conveyed information in signals 323 being output
from content distribution node 303 and which 1s available at the mputs to STBs (305, 307,
309). Time line 317 corresponds to information 319 and 321. Initially netther frequency
band 1s carrying any user requested program channels. Then user requested programs
channels 1,2, 3, 4, and 5 are placed in transport stream 1 and communicated usmg QAM
signals 1n frequency band X. At a later pommt m time, program channel 6 1s placed mio
transport siream 2 and communicated using QAM signals in frequency band Y. At asull
later point in fime program channel 1 1s also placed into transport stream 2 and
communicated usmg QAM signals in frequency band Y. The program setting for frequency
band X has remained for the duration of the example.

[0055] TFigure 4 1s a drawing of a flowchart 400 of an exemplary method of
operating a recording and playback device. The exemplary recording and playback device
includes, in some embodiments, a set top box including a digital recording device. The
exemplary recordmg and playback device includes, 1n some embodiments, a set top box
and a digital recording device coupled together.

[0056] Operation starts in step 401, where the recording and playback device is
powered on and mitialized and proceeds to siep 402. In some embodiments, operation also
proceeds from start step 401 to step 432.

[0057] In step 402, the device receives user input identifying a first program
selected by a user of the device. Then, in step 404, the device determmnes a first

communications channel used to communicate the first program. Operation proceeds from

14

Page 15 of 81



(TW-14APP1/TWC -06-35)

step 404 to step 406. In step 406, the device presents the user with a list of at least some
programs communicated using the first communications channel. Then, in step 408, the
device recerves user mnput indicaimg selection of a second program by the user. Operation
proceeds from step 408 to step 410. In step 410, the device operates a first recetver to
receive a first channel signal from the first channel while the first channel is being used to
communicate the first program. Operation proceeds from step 410 to step 412, in which the
device recovers from the received first channel signal packets correspondmg to said user
selected first program and packets corresponding to said second program. Operation
proceeds from step 412 to step 414 and to one or more of steps 416 and 418.

[0058] In step 414, the device records at least some of said received packets
corresponding 1o the second program. In some embodiments, operation proceeds from step
414 to step 420, while in other embodiments, operation proceeds from silep 414 to step 424.
In step 420, the device generates billing imformation based on recording at feast some of
said packets, and then m step 422, the device commumnicates the billing information to a
network device for processing. Opermation proceeds from step 422 to step 424,

[0059] In step 424, the device receives user input identifying that said user selected
the second program for playback, and then in step 426, the device oulputs decoded
information generated from the recovered second program packets to an output device, e.g.,
atelevision. In various embodiments, optional steps 428 and 430 arc performed. In step
428, the device generates billing mmformation based on outputting decoded information
generated from the recovered second program packets to an output device, and in step 430
the device communicates the billing information to an network device for processing.

[0060] Returning to step 416, in step 416, the device records at least some of said
received packets corresponding to the first program. Returning to step 418, in siep 418, the
device outputs decoded information generated from the recovered first program packets to
an output device during at least a portion of time during which said step of recording at
least some of said recovered packets corresponding to the second program is performed.

[0061] Optional steps 432, 434, 436 and 438 are performed m some embodiments
m which the recoding and playback device mcludes a second receiver. Retuming to step

432, in step 432, the device receives user input identifying another program selected by a
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user ol the device. Then, in step 434, the device operates a second recetver to recerve a
second channel signal from a second channel while the first channel is being received by
the first receiver. Operation proceeds from step 434 to step 436, in which the device
recovers from the received second channel signal packets correspondmg to said selected
another program and packets corresponding to a third program. Then, in step 438, the
device records at least some packets corresponding to the third program.

[0062] In some embodiments, the first communications chammel 1s a QAM
commumnications channel capable of communicating multiple programs. In some such
embodiments, the first communications channel is a MPEG-2 transport stream. In some
such embodiments, at least one of the multiple programs comprises a plurality of MPEG-2
elementary streams.

[0063] In various embodiments, the number of said multiple programs is at least
five, and packets corresponding to more programs are recorded than QAM recetrvers
included 1n said recordimg and playback device. For example, the recordmng and playback
device may include only a single QAM receiver and vet the recording and playback device
can record packels corresponding to two different programs bemng commmunicated in the
same transport stream imcludmg multiplexed packets corresponding to the two programs.
As another example, the recording and playback device may inclade two single QAM
receivers and vet the recordme and plavback device can record packets corresponding to
three different programs being communicated in the same transport stream mcluding
multiplexed packets comresponding to the three programs. Thus, various embodiments of
the mmvention do not need an individual QAM receiver module for each program to be
recovered, where programs to be recovered are being communicated m the same time
interval, e.g., within the same transport stream using QAM in the same band.

[0064] TFigure 5 comprising the combmation of Figure 5A and Figure 5B is a
drawing of a flowchart 500 of an exemplary method of operating a recordmg and playback
device. The exemplary recording and playback device includes, in some embodiments, a
set top box including a digital recording device. The exemplary recording and playback
device includes, in some embodiments, a set top box and a digital recording device coupled

together.
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[0065] Operation starts m step 502, where the recording and playback device 1s
powered on and initialized and proceeds to step 504. In some embodiments, operation also
proceeds from start step 502 to siep 540.

[0066] In step 504, the device receives user input identifying a first program
selected by a user of the device. Then, in step 5006, the device determines a first
communications channel used to communicate the first program. Operation proceeds from
step 506 to step 508. In step 508, the device presents the user with a list of at least some
programs communicated usig the first communications channel. Then, m step 510, the
device receives user input indicating selection of a second program by the user. Operation
proceeds from step 510 to step 512, In step 512, the device operates a first receiver to
receive a first chamnel signal from the first channel while the first channel 1s being used to
commumnicate the first program. Operation proceeds from step 512 1o step 514, in which the
device recovers from the recerved first channel signal packets correspondmg to said user
selected first program and packets corresponding to said second program. Operation
proceeds from step 514 to step 516 and, optionally to step 518.

[0067] Instep 516, the device records at least some packets from each of a plurality
of programs communtcated on said first communications channel while said first
communications channel is being used to communicate the first program. Step 516
mmcludes sub-step 520. In some embodiments, step 516 includes sub-step 522. In sub-step
520 the device records at least some of said packets comresponding to the second program.
In sub-step 522, the device records at least some of the received packets corresponding to
the first program. Operation proceeds from step 516 to step 524. In step 524, the device
present the user with a list of programs received over the first communications channel
which are available for playback, at least a portion of at least one program on said list
having been communicated to said device while said first communications device 1s used to
commumnicate said first program. Operation proceeds from step 524 via connecting node A
526 to step 530 and step 532.

[0068] In step 530 the device removes a program from said hist of programs in
response to one of : 1) a program retention timer expirmg and 11) a storage constraint having

been reached. In some embodiments, the program retention timer indicates an mount of

17

Page 18 of 81



(TW-14APP1/TWC -06-35)

tmme a recorded program 1s 1o be retamed without having been selected by the user. In
some embodiments, the storage constraint is a constraint on the amount of storage pace
available for program storage.

[0069] In step 532, the device receives user input identifying that said user selected
the second program for playback, and then in step 534, the device outputs decoded
information generated from the recovered second program packets to an output device, e.g.,
a television. In vartous embodiments, optional steps 536 and 538 are performed. In step
536, the device generates billing information based on outputting decoded mformation
generated from the recovered second program packets 1o an output device, and in step 538
the device communicates the billing imformation to a network device for processing.

[0070] Returmning to step 518, n step 518, the device outputs decoded mformation
generated from the recovered first program packets to an output device during at least a
portion of time duning which said step of recording at least some of sawd recovered packets
correspondmg to the second program is performed.

[0071] Optional steps 540, 542, 544 and 546 are performed in some embodiments
in which the recoding and playback device mcludes a second receiver. Retuming to step
540, in step 540, the device receives user input identifying another program selected by a
user of the device. Then, in step 542, the device operates a second receiver to receive a
second channel signal from a second channel while the first channel 1s being received by
the first receiver. Operation proceeds from step 542 to step 544, in which the device
recovers from the received second channel signal packets corresponding to said selected
another program and packets corresponding to a third program. Then, in step 546, the
device records at least some packets corresponding to the third program.

[0072] In some embodiments, the first communications chamnnel is a QAM
commumnications channel capable of communicating multiple programs. In some such
embodiments, the first communications channel 1s a MPEG-2 transport stream. In some
such embodiments, at least one of the multiple programs comprises a plurality of MPEG-2
clementary streams.

[0073] In vanous embodiments, the number of said multiple programs 1s at least

five, and packets corresponding to more programs are recorded than QAM recetvers
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included 1n said recording and playback device. For example, the recordimg and playback
device may include only a single QAM recerver and yet the recording and playback device
can record packets corresponding to two different programs being communicated m the
samie transport stream including multiplexed packets corresponding to the two programs.
As another example, the recording and playback device may include two single QAM
receivers and yet the recording and playback device can record packets corresponding to
three different programs being communicated in the same transport stream mcluding
multiplexed packets comresponding to the thiee programs. Thus, various embodiments of
the invention do not need an individual QAM receiver module for each program to be
recovered, where programs 1o be recovered are being communicated m the same time
interval, e.g., within the same transport stream usmg QAM in the same band.

[0074] TFigure 6 i1s a drawing of an exemplary recording and playback apparatus 600
mmplemented m accordance with vanous embodiments of the present inmvention. Exemplary
recording and playback apparatus 1s, in some embodiments, a set top box. Exemplary
recording and playback apparatus 600 includes a user interface module 602, a processor
604, a cable interface module 606, memory 608, a first recetver module 610, a packet
recovery module 612, a de-multiplexer 614, a decoder 616, an cutput module 618, a
recording module 620, and program storage 622 coupled together via bus 675 over which
the vanious elements can mterchange data and mformation. In some embodsnents, the
recording and playback apparatus 600 includes a second recerver module 624, which 1s also
coupled to bus 675.

[0075] Memory 608 mcludes routines 630 and data/information 632. The processor
604, e.g., a CPU, executes the routines 630 and uses the data/information 632 in memory
608 to control the operation of the recording and playback apparatus 600 and mplement
methods m accordance with the present mvention. Routines 630 mcludes a channel
determination module 634, a recording control module 636, a presentation module 638, a
data storage management module 640, a billing information generation module 642, and a
commmunications module 644. Data/mformation 632 mcludes received first program
selection mmformation 646, ..., received Nth program selection mformation 648, a

determined 1% communication channel information 650, program list information 654,
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program retention timer information 656, program storage mnformation 658, and bilhing
information 660. In some embodiments, e.g., an embodiment including second receiver
module 624, data/information 632 includes determined 2™ communications channel
mformation 652.

[0076] User interface module 602 receives user input identifying a first program
selected by a user of the recording and playback apparatas 600. User interface module 602
also recerves user input wdentifying additional programs selected by the user of apparatus
600. For example, user interface module 602 receives, prnior to recording at least some
recovered packets comresponding to the second program, user input indicating selection of
the second program by the user. User mterface module 602 also receives mformation
identifying whether the user would hike to play a program bemg streamed, record a program
being streamed, or play a program which was previously stored. User interface module 602
mcludes a remote control interface module 626, e.g., an mmfra-red (IR) interface, for
mterfacing with a user's remote control device, and a control panel interface 628, ¢ g,
control switches, buttons, etc. hard mounted on the recording and playback device.

[0077] Channel determination module 634 determines a first communication
channel used to communicate the first program. Determined 1 communications channel
information 650 is an output of channel determination module 634 and is used as an input
to first receiver module 610. In some embodiments, the determined 1™ communications
channel information identifies one of a plurahity of altemative frequency bands, and 1s used
by first receiver module 610 1o tune s receiver.

[0078] Cable mtertace module 606 couples to recording and playback apparatus
600 to a service provider, e.g., a cable company. Cable interface module 600 couple the
apparatus 600 to various service provider nodes, e.g., a content distribution node, a SDV
policy server node, a billing node, etc.

[0079] Cable mierface module 606 has an output which is coupled to an mput of
first receiver module 610 via link 662. In embodmments including a second receiver module
624, the cable mterface module 606 has an output which is coupled to an mput of second

recerver module 624 via link 676.
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[0080] Firstreceiver module 610 1s, e g, a first QAM receiver. In various
embodiments, the first communications channel is a GAM communications channel
capable of communicating muliiple programs. In some embodiments, the first
communications channel communicates a MPEG-2 transport stream.

[0081] First receiver 610 receives a first channel signal from the first channel while
said first channel is being used to comnmnicate the first program. First receiver 610 also
recetves additional programs bemg communicated with the first program as part of the first
commumnications channel signal.

[0082] An output of first receiver module 610 is coupled to an input of packet
recovery module 612 via link 664. Packet recovery module 612 recovers from recetved
first channel signal packets corresponding to said user selected first program and packets
corresponding 1o a second program.

[0083] An oulput of packet recover module 612 1s coupled to an mput of de-
multipfexer 612 via link 666. De-multiplexer 614 separates packets recovered by the
packet recovery module 612 correspondmg to different programs communicated over the
first communications channel mto different streams. In various embodiments the first
commumnications channel communicates a MPEG-2 transport stream. In some such
embodiments, at some times, at least one of the multiple programs being communications
in the transport stream of the first communications channel mcludes a plurality of MPEG-2
elementary streams.

[0084] An output of de-multiplexer module 614 15 coupled to an mput of decoder
module 616 via link 668. An output of de-multiplexer module 614 is coupled to an mput of
recording module 620 via link 669. An output of program storage 622 1s coupled to an
input of decoder module 616 via link 674.

[0085] Decoder module 616 decodes mformation generated from recovered packets
corresponding 1o a program. The program can be, and sometimes is, a program which 1s
currently bemg streamed or the program can be, and sometime is, a program which was
previously recorded and stored m program storage 622. Decoder module 616 can, and

sometimes does, decode mformation generated from the recovered first program packets.
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[0086] An output of decoder module 616 1s coupled to an input of output module
618 via link 670. Output module 618 outputs decoded information generated from
recovered program packets comresponding to a program. Duning at least some times, output
module 618 outputs decoded information generated from recovered first program packets to
an output device during at least a portion of time during which recording module 620
records at least some recovered packets corresponding to a second program, wherein said
first and second programs are bemg communicated in the first communications channel,
e.g_, the first transport stream using QAM signals n a first frequency band. Qutput module
618 is coupled to an output device, ¢.g., a television.

[0087] Recording module 620 includes an output coupled to program storage 622
via link 672. Programs are recorded in program storage 622 via recording module 620. In
some embodiments, the user selects which programs are to be recorded, e.g., with the
apparatus 600 supporting the recording of multiple programs from the same
communications channel, e.g., multiple programs im which packets have been multiplexed
into a stream. In some embodiments, the recording module 620 records, during at least
some times, each of the programs bemng communicated in the first communications
channel. In some such embodiments, the there are at least five programs bemg
communicated in the first communications channel.

[0088] In some embodiments, the recording module 620 sclectively records which
one or morte elementary streams corresponding to a program bemng recorded to record and
which to discard. In some such embodiments the selection of elementary streams 1s a
function of user input, e.g., a user choice io record m high resolution, a user choice to
record audio 1n a particular language, etc. In some embodiments, the selection of
elementary streams is performed based on known device capabilities of the user, e.g., the
user does not have a high definition television and high definition video mformation would
be of no use and is thus not recorded.

[0089] Recording contiol module 636 controls the operation of the recording
module 620. For example, the recording control module 636 controls the recording module

620 to record at least some of'the recovered packets comresponding to the second program.
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The recording module 636 can, and sometimes does, control the recording module 620 to
record at least some recovered packets corresponding to the second program.

[0090] In various embodiments, the recording control module 636 controls, durning
at least some times, recording of at least some of the recorded packets corresponding to the
second program as part of recording at least some packets from each of a plurality of
programs communicated on the first communications channel while the first
communications channel 1s used to communicate the first program.

[0091] Presentation module 638 presents the user with a list of at least some
programs communicated using the first communications channel prior to receiving user
mput indicating selection of the second program. Presentation module 638 also, in some
embodiments, presents the user with user with a list of programs received over the first
commumnications channel which are available for playback, at least a portion of at least one
program on the list having been communicated to said apparatus during a period of ime
durnng which the first channel was used to communicate the first program. Program list
information 634 mcludes various hists generated by the presentation module 638.

[0092] Data storage management module 640 manages program storage 622. Data
storage management module 640 operations include removing a program from a list of
stored programs available for plavback m response to one of 1) a program retentton timer
expiring 11) a storage constraint having been reached; and 111) user mput. Program retention
timer imformation 656 mcludes ongoing retention timers corresponding to currently stored
programs in program storage 622, which are used by data storage management module 640.
Program storage infonmation 658 mcludes mformation identifying an amount of free
storage space m program storage 622, mformation identifying an amount of utilized storage
in program storage 622, information identifying amounts of storage requirements
associated with particular programs. Thus, while a retention timer can be used control
program deletion, a program can also be removed from the list of stored programs by the
subscriber’s intervention, e.g., by the subscnber initiating deletion of the program.

[0093] Billing information generation module 642 generates billing mformation
based on at least one of recording a program, e.g , recording at least some second program

packets, and outputting decoded information generated from recovered program packets,
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e.g., outputting decoded mformation generated from said recovered second program packet
to an output device. For example, in one embodiment, a user selects which programs to
stream live and which to record and the user 1s billed for each selected program whether
streamed hve or recorded. In another embodiment, the recording module 620 records each
of the programs in a communications channel and charges the user in response to the user
selecting to output a particular program. For example, the first communications channel
may convey five programs, cach program conveying a concurrent sporting event, e.g.,
football game, and all of the programs are recorded and placed in program storage 622 and
available to the user on an individual pay per view basis. Billing information 660 is an
output of billing mformation generation module 660.

[0094] Communications module 644 communicates billing information to a
network device for processing. For example, the communications module 644 controls that
the billing information 1s routed through cable mterface module 606 and directed to the
service providers accounting node.

[0095] Second receiver 624, e.g., a second QAM recetver, included i some
embodiments, has an input coupled to the output of cable interface module 606 and an
output coupled to the mput of packet recovery module 612. Channel determimation
module 634 determines a second communications channel 652 1o be used to tane the
second recerver. Thus m some embodiments, the first receiver can be tuned to receive a
first transportt stream using a first frequency band, and the second receiver can be tuned to
concurrently recetve a second transport stream using a second frequency band, said first
and second frequency bands being different.

[0096] In various embodiments, the apparatus includes at least first and second
QAM receiver modules, and the first communications channel each include at least five
programs, and the number of programs m the first conmmunications channel which can be
recorded exceeds the number of QAM receiver modules in the apparatus.

[0097] In some other embodiments, an additional one or more of: packet recovery
module 612, de-multiplexer 614, decoder 616, recording module 620, program storage 622
and/or output module 618 are included and used for signals received by second receiver

module.

24

Page 25 of 81



(TW-14APP1/TWC -06-35)

[0098] In some other embodiments, the recording and playback apparatus 1s
distributed among a plurality of devices inchuding a set top box and a digital video recorder
coupled together.

[0099] TFigure 7 is a drawing including an exemplary program listing 702,
exemplary program mapping information 704 and an exemplary flowchart 714 in
accordance with various embodiments of the present the invention. Consider that a cable
service provider has a number of programs or program channels that are available
concurrently. Program availability list 702 identifying 20 programs 1s an exemplary list of
available concurrent programs being broadcast. The service provider is broadcasting the
programs to be available at a customer’s set top box. As part of the broadcasting
mmplementation, the service provider associates groups of programs with different transport
streams, e.g., MPEG-2 transport streams, and mulitplexes packets of program information
from an associated group of programs into the transport stream. In addition as part of the
broadcasting implementation, each transport stream conveying a group of programs is
communicated usmg QAM symbols in a different frequency band.

[600100] Program mapping mformation 704 ideniifies the exemplary association
between programs, transport streams, and QAM frequency bands. In this example, each
transport stream is conveying 5 programs. In other embodiments, a transport stream may
convey a different number of programs. In some embodiments, different transporis streams
convey different numbers of programs. Block 706 identifies that transport stream A
conveys programs 1, 2,5, 17, and 20 using QAM symbols in frequency band 1. Block 708
identifics that transport stream B conveys programs 3, 6, 8, 15, and 19 using QAM symbols
in frequency band 2. Block 710 identifies that transport stream C conveys programs 4, 7, 9,
10, and 12 using QAM symbols in frequency band 3. Block 712 identifies that transport
stream D conveys programs 11,13, 1416, and 18 using QAM symbols m frequency band
4.

{66101} Flowchart 714 is a flowchart of an exemplary method of operating a set top
box with a single QAM receiver 1n accordance with various embodiments. Operation starts
in step 716, where the STB 1s powered on and imitialized, and proceeds to step 718. In step
718, the set top box presents the user with a program availability list, e.g., list 702 including
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20 programs. Operation proceeds from step 718 to step 720. In step 720, the set top box
receives user selection of a program and an indication as to whether the user desires live
streaming or recording. For example, the recerved user input may indicate that program 15
has been selected and that the user desires live streaming. Operation proceeds from step
720 to step 722. In step 722, the STB identifies the frequency band corresponding to the
user selection, e.g., frequency band 2. The STB, in some embodiments, includes stored
program mapping information, ¢.g., program mapping mformation 704, so that the STB can
perform step 722. In some other embodiments, the STB communicate with a service
provider node to obtain the mapping imformation which it needs. Operation proceeds from
step 722 to step 724.

[600102] In step 724, the STB wdentifies the set of programs in the group
corresponding 1o the user selection. For example, comresponding to user selection 15, the
STB identifies programs 3, 6, 8, 15 and 15. The STB presents the user with a hist of
programs m the identified group which can be recorded in addition to the initial request.
For example, corresponding to the request of live sireanung program 15, the STB presentis
the user with a list of programs 3, 6, 8, 15, 19 which can be recorded. As an alternative
example, corresponding to a request in step 720 of recording program 15, the STB present
the user with a list of programs 3, 6, 8, 19 which can be recorded in addition to program 15.
Operation proceeds from step 726 to step 728. In step 728, the STB receives a user
response identifying programs from the presented hist of step 726 to be recorded. For
example, exemplary identified programs in the response are programs 3, 6, and 19.
Operation proceeds from step 728 to step 730.

[00103] In step 730, the STB tunes i1ts QAM receiver to the identified frequency
band of step 722, e.g. frequency band 2. Then, in step 732, the STB recovers packets
corresponding 1o received user input, e.g., packets corresponding to programs 15, 3, 6 and
19. Operation proceeds from step 732 to step 734 and step 736. In step 734, the STB
outputs mformation from recovered packets corresponding to user requested live streaming,
if any, to a display device, e.g., a television. For example, the outputied information may
be decoded mformation comesponding to program 15. In step 736, the STB controls

recording of user requested programs to record. For example, the STB controls recording
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of program 3, 6 and 19 information. In some embodiments, the recording device and/or
recording medium is included as part of the set top box. In some embodiments, the
recording device and/or recording medium are exiernal to the STB.

[00104] In a vanation of the present mvention, the STB includes multiple QAM
receivers; however, the STB is able to control recording of a greater number of
concurrently broadcast programs than there are QAM receivers.

[00105] Figure 8 15 a drawing including an exemplary program listing 802,
exemplary program mappmng mformation 804 and an exemplary flowchart 814 in
accordance with various embodiments of the present the invention. Consider that a cable
service provider has a number of programs or program chamnels that are available
concurrently. Program availability list 802 identifying 20 programs is an exemplary list of
available concurrent programs being broadcast. The service provider i1s broadcasting the
programs 1o be available at a customer’s set top box. As part of the broadcasting
mmplementation, the service provider associates groups of programs with different transport
streams, e.g., MPEG-2 transport streams, and multiplexes packeis of program information
from an associated group of programs into the transport stream. In addition as part of the
broadcasting implementation, each transport stream conveving a group of programs is
communicated usmg QAM symbols in a different frequency band.

[00106] Program mappmg mformation 804 identifies the exemplary association
between programs, transport streams, and QAM frequency bands. In this example, each
transport stream conveying 5 programs. In other embodiments, a transport stream may
convey a different number of programs. In sone embodiments, different transports streams
convey different numbers of programs. Block 806 identifies that transport stream A
conveys programs 1, 2, 5, 17, and 20 using QAM symbols in frequency band 1. Block 808
identifies that transport stream B conveys programs 3, 6, 8, 15, and 19 using QAM symbols
m frequency band 2. Block 810 identifies that transport stream C conveys programs 4, 7, 9,
10, and 12 using QAM symbols i frequency band 3. Block 812 identifies that transport
stream D conveys programs 11, 13, 14, 16, and 18 using QAM symbols in frequency band
4.
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[00107] Cormresponding to each of the programs, the hst 802 also mcludes
information associating the program with a transport stream into which the program is
mapped and QAM frequency band mto which the transport stream i1s communicated. In
this example, a letter s used to mdicate the mapping. In other embodiments, color coding
or different symbols are used to indicate mapping.

[00168] Flowchart 814 is a flowchart of an exemplary method of operating a set top
box with a single QAM receiver 1n accordance with various embodiments. Operation starts
in step 816, where the STB 1s powered on and imitialized, and proceeds to step 818. In step
818, the set top box presents the user with a program availability list, said program
availability list including mformation associating programs with transport siream
groupimgs, ¢.g., hst 802 mcluding 20 programs with group association mformation.
Operation proceeds from step 818 to step 820. In step 820, the set top box receives user
selection of a plurality of programs to be recorded cormresponding 1o a single transport
stream, wheremn the number of QAM receivers i the STB 1s less than the number of
selected programs. For example, the STB has only one QAM receiver and the STB
receives a user request 1o record programs 4, 7, and 12. Operation proceeds from step 820
to step 822.

[60169] In step 822, the STB identifies the QAM frequency band corresponding to
the selection, ¢.g., frequency band 3. Then, m step 824, the STB tunes 1ts QAM recetver to
the identified frequency band, e.g., frequency band 3. Operation proceeds from step 824 to
step 826.

[600110] In step 826, the STB recovers packets corresponding to the selection, e.g.,
program 4 packets, program 7 packets and program 12 packets, and m step 828, the STB
controls the recording of user requested program to record, e.g., program 4, 7, and 12
mmformation. In some embodiments, the recording device and/or recording medium is
mcluded as part of the set top box. In some embodiments, the recording device and/or
recording medium are external to the STB.

[60111] TFigure 9 1s a drawing of a flowchart 900 of an exemplary content delivery
method in accordance with various embodiments of the present mvention. An exemplary

content delivery control node, e.g., an SDV server, in some embodiments, performs the
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steps of flowchart 900. In some embodiments, a plurality of content dehivery system nodes
operating in combination performs the steps of flowchart 900. Operation starts in step 902
where the one or more nodes are powered on and mitialized and proceeds to step 904. In
step 904, a content request message from a first user is received. Step 904 includes sub-
steps 906 and 908. In sub-step 900, a first request for first content from a first user device
is received. In sub-step 908, a second request for second content from a first user device 1s
recetved. In various embodiments, the first and second requests for content may be, and
sometimes are, included in a smgle content request message received from the first user.
Operation proceeds from step 904 to step 910.

[00112] In siep 910, the requested firsi content is assigned to a first content delivery
stream for delivery, and i step 912, the requested second content 1s assigned to the first
content delivery stream for delivery. Operation proceeds from step 912 to step 914. In step
014, a third request for third content i1s recerved from a second user device. Operation
proceeds from step 914 to step 516.

[60113] 1In step 916, a check is performed as to whether or not the third request
content s assigned for delivery to one of a plurality of content delivery streams. If the third
requested content is already assigned for delivery to a content delivery stream, then
operation proceeds from step 916 to step 918, where funing information is comnmmicated to
the second user device corresponding to the content delivery stream to which the third
content has been assigned for dehivery.

[60114] If the third requested content 1s not assigned to a content delivery stream,
then operation proceeds from step 916 to step 920, where the requested third content is
assigned 1o a content delrvery stream. Step 920 mcludes sub-steps 922, 924 and 926. In
sub-step 922, it is determined whether or not the first content delivery stream has enocugh
capacity to communicate the third content stream. If 1t 1s determined, that the first content
delivery stream has enough capacity, then, operation proceeds from sub-siep 922 to sub-
step 924; otherwise operation proceeds from sub-step 922 {o sub-step 926. In sub-step 924,
the third content is assigned for delivery to first content siream, at least a portion of said
third content being assigned for delivery being during a portton of time dunng which said

first and second content is delivered. In sub-step 926, the third content is assigned to
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another content delivery stream. Operation proceeds from step 920 to step 928. In step
628, tuning information is communicated to the second user device corresponding to the
content delivery sirecam to which the third content has been assigned for dehivery.
Operation proceeds from step 918 or step 928 1o step 932 via conmecting node A 930.

[06115] In step 932, a fourth request for first content is received from the second
user device. Operation proceeds from step 932 to step 934. In step 934, a check is
performed as to whether or not the requested first content is assigned for delivery in the
content delivery stream to which the second user device 1s currently tuned to. If the
requested first content is not in the content delivery stream to which the second user device
1s currently tuned, then operation proceeds from step 934 to step 935. In step 935, acheck
1s performed to determuned whether or not the content delivery stream 1o which the second
user device 1s currently tuned has enough capacity to communicate the first content. Ifitis
determined that the content delivery stream to which the second user device 1s tuned has
enough capacity then operation proceeds from step 935 to step 936; otherwise, operation
proceeds from step 935 to step 938.

[00116] In siep 936, the requested first content 1s assigned to the content delivery
stream to which the second user device 1s currently tuned. In step 938, the first and third
content is asstgned for delivery 1o a third content delivery stream. Operation proceeds from
step 938 to step 940. In step 940, tuning information 1s commumnicated to the second user
device corresponding to the third content delivery stream to which the requested first and
third content has been assigned for delivery.

[60117] In various embodiments, the first and second content include video content
and the first content delivery stream 1s a first transport stream. In some such embodiments,
the transport stream is 2 MPEG-2 transport stream, and the method further comprises
communicating the transport stream to the first user device using a first QAM channel. In
various embodiments, the first, second, and third content delivery streams are first, second
and thard transport streams, e.g., first, second, and third MPEG-2 transport streams using
first, second and third QAM channels. In some embodiments, the first user device is a first

set top box, and the second user device 1s a second set top box.
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[00118] Figure 10 1s a drawmg of a flowchart 1000 of an exemplary method of
operating a user device, e.g., a set top box, in accordance with various embodiments of the
present invention. In some embodimenis, the user device includes a set top box coupled to
a digital recording device. Operation starts in step 1002, where the user device is powered
on and initialized. Operation proceeds from start step 1002 to step 1004, In step 1004 the
user device sends a content request message, e.g., to a service provider control node. Step
1004 mcludes sub-steps 1006 and 1008. In sub-step 1006, the user device sends a request
for first content, and 1 sub-step 1008, the user device sends a request for second content.
In some embodiments, first content corresponds to a first program and second content
corresponds to a second program. Operation proceeds from step 1004 fo step 1010.

[60119] In step 1010, the user device receives tuning imformation comresponding to a
first content delivery stream 1o which the requested first content and the requested second
content have been assigned for delivery. Operation proceeds from step 1010 to step 1012,
In step 1012, the user device tunes a QAM 1eceiver to a frequency band identified by the
recetved tuning mformation, said first frequency band being used to communicate said first
content delivery stream. In some embodiments, the frequency band 1s identificd by a
stream channel mdicator. Operation proceeds from step 1012 to step 1014.

[60120] In step 1014, the user device receives said first content delivery stream, e.g.,
from a service provider content distribution node. Step 1014 includes sub-steps 1016 and
1618, In sub-step 1016, the user device recerves from first content delivery stream
multiplexed data including at least some of the first and second content. In sub-step 1018,
the user device recetves from the first content delivery stream multiplexed data including at
least some content correspondmg to a third program, said content corresponding to the third
program being delivered during a time interval in which at least some of said first and
second program content 1s delivered. Operation proceeds from step 1014 to step 1020.

[00121] In step 1020, the user device operates a demultiplexer, ¢.g., a MPEG-2
transport stream demultiplexer to demultiplex packets corresponding to different programs
recovered by sard QAM recetver from the first content delivery siream. Operation proceeds

from step 1020 to step 1022 and step 1024
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[00122] In step 1022, the user device controls recording of data imncludmg at least
some of said first and second content received from said first content delivery stream. Step
1022 mcludes sub-step 1026. In sub-step 1026, the user device operates a recording device
under control of said user device to record said first and second program contenton a
dagital storage device. In some embodiments the recording device is included within said
user device. In some such embodiments, the user device includes a sealed housing and the
storage device 1s located within the sealed housmmg.

[00123] In step 1024, the user device outputs third program image data for display,
said third program image data being generated from the received third program content. In
some embodiments, during some times, outputimg third program mmage data for display 1s
performed while controlling recording of said first and second content.

[60124] Figure 11 1s a drawing of an exemplary content dehvery system 1100
mmplemented m accordance wath the present invention. Exemplary content delivery system
includes a content provider node 1101 and a plurality of user device (user device 1 1122, |
user device N 1124) coupled together via hnks (1103, 1105), respectively. User devices
(1122, ..., 1124), are, e.g., set top boxes. Exemplary content provider node 1101 mcludes a
content request processing module 1102, a content to content dehivery stream assignment
module 1108, a multiplexing control module 1114, a multiplexer 1116, an information
generating module 118 and a QAM modulator 1120. In some embodmnents, various
modules i exemplary content provider node 1101 are distnnbuted among a plurality of
content provider nodes, e.g., a plurality of content provider nodes including a conirol node
and a content distribution node.

[00125] Content request processing module 1102 1s, e.g., a message processing
module. Content request processing module 1102 receives and processes multiple content
requests from user devices, e.g., from user device 1 1122, Multiple content requests
mclude a first request for first content and a second request for second content from the
same user, e.g., user device 1 1122, In some embodiments, the first and second request for
content are included in a single content request message communicated from a user, ¢.g.,

from the user of user device 1 1122.
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[00126] Content request processig module 1102 1s configured to recerve and
process additional requests from other users, e.g., requests from user device N 1124,
Content request processing module 1102 mcludes a previous assignment determination
module 1104 and an assignment communication module 1106, Previous assignment
determination module 1104 determines if content requested by an additional user device
has already been assigned for delivery to one of the plurality of content delivery streams.
Assignment communication module 1106 communications tuning information to the
additional user device, said tunimg mformation corresponding to the content delivery stream
to which the requested additional content has been assigned for delivery.

[00127] Content to content delivery stream assignment module 1108 assigns
requested content to individual ones of a plurality of availabie content delivery streams, at
least some of said content delivery streams having sufficient bandwidth to support the
dehivery of multiple programs, said content to content dehivery stream assignment module
1108 assignmg content corresponding to multiple different content requests from a user,
e.g., a first user, to at least one content delivery stream according 1o a predetermined
content to content delivery stream assignment mapping process.

[60128] Content to content delivery stream assignment module 1108 includes an
unassigned content assignment module 1110, an assigned content assignment module 1112,
and a capacity evaluation module 1113, Unassigned conient assignment module 1110
assigns additional requested content to a content dehvery stream when said additional
request content has not already been assigned o be dehvered by the content delivery
stream. Assigned conient assignment module 1112 assigns additional request content to an
additional content dehvery stream when said additional request content has already been
assigned to be delivered by the content delivery stream. Capacity evaluation module 1114
determines whether a content delivery stream, e.g., content delivery stream 1, has the
capacity to communicate additional content.

[00129] Unassigned content assignment module 1110 includes a 1™ stream
assignment submodule 1126 and an Mth stream assignment submodule 1128. One of the
submodules (1126, ..., 1128) 1s selected to be used, corresponding to additional requested

content which has not been assigned, as function of a capacity evaluation determination or
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determinations. Similarly, assigned content assignment module 1112 includes a 1¥ stream
assignment submodule 1130 and an Mth stream assignment submodule 1132, One of the
submodules (1130, ..., 1132) 1s selected to be used, corresponding to additional requested
content which has already been assigned 1o at least one stream, as function of a capacity
evaluation determination or determinations.

[80130] Multiplexing control module 1114 controls multiplexing of content assigned
to the same content delivery stream. In vartous embodiments, the first and second content
imcludes video content. Multiplexer 1116 generates an MPEG-2 transport stream from a
first MPEG-2 elementary stream including at least some of said first content and a second
clementary stream mcluding at least some of said second content. Information generating
module 1118 generates multiplexing mformation to be mmcluded 1in an MPEG-2 transport
stream, saixd imformation generating module 1118 generating information used to identify
first packets mcluded m said MPEG-2 transport stream which correspond to said first
content and to 1dentify second packets mcluded 1 said MPE(G-2 transport stream
correspondmng to second content. QAM modulator 1120 modulates content of a content
delivery stream onto a QAM communications channel.

[60131] Figure 12 comprising the combination of Figure 12A and Figure 12B1s a
drawing of a flowchart 1200 of an exemplary method of operating a system used for
recordmg and playback of programs. In some embodiments, the exemplary system
includes a fixed number of QAM tumers capable of tunimg to different QAM channels. For
example, the system 1s, in some embodiments, an end user sysiem including a set iop box
with a fixed number of QAM tuners, e.g., one or two QAM tuners. In some such
embodiments, the end user system includes a remote control interface, a display device, and
a digital recording device. The digital recording device may be, and sometimes is, mcluded
as part of the set top box. Operation starts in step 1202, where the system 1s powered on
and mitialized and proceeds to step 1204, In step 1204, program to QAM mapping
information is received. In some embodiments, the program to QAM channel mapping
mformation is communicated with program guide mformation. Operation proceeds from

step 1204 to step 1206.
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[00132] In step 1206, a first group mdicator indicating a group of programs available
for simultaneous recording is included in a display hist, said first group of programs
comrespondmg to a first QAM communications channel. Operation proceeds from siep
1206 to step 1208. In step 1208, a second group mdicator indicating a group of programs
available for simuhtaneous recording 1s inchaded in said display list of available programs,
said second group of programs corresponding to a second QAM communications channel.
In some embodiments, the first and second group indicators are colors on the display used
to distinguish different groups of programs which can be recorded simulaneously from one
another. Operation proceeds from step 1208 to step 1210. In step 1210, a third group
indicator indicating a group of programs available for simultancous recording 1s mcluded in
said display list of available programs, said third group of programs comesponding to a
third QAM communications channel.

[00133] Then, i step 1212, the display list of available programs is displayed.
Operation proceeds from step 1212 to step 1214, In step 1214, a plurality of requests to
record programs durning a first period of time 1s received. Operation proceeds from step
1214 to step 1216, in which the QAM channels 1o which the programs requested to be
recorded corresponds is determined. Operation proceeds from step 1216 via connectmg
node A 1218 to step 1222.

[00134] 1Instep 1222, at least one recording decision based on the QAM channels to
which the programs selected to be recorded corresponds is made. In some embodiments,
step 1222 includes one or more of sub-steps 1224, 1226 and 1228. In sub-siep 1224,
programs are recorded comresponding to a number of different QAM communications
channels, said number of different QAM communications channels bemg less than or equal
to the fixed number of QAM tuners. In sub-step 1226, an indication is made that a program
cannot be recorded when said program corresponds to a QAM commmunications channel
from: which a program has not already been selected to be recorded and the number of
QAM communications channels from which programs to be recorded already matches the
fixed number of QAM tuners. In sub-step 1228, an updated list of available programs 1s
displayed when the number of different QAM communication channels on which programs

are to be recorded during a period of time matches the mixed number of QAM tuners, said
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updated list of available programs indicating that only programs corresponding to the
different QAM channels on which programs have already been selected for simulianeous
recording are available for recording dunng the period of time. Sub-step 1228 includes, n
some embodiments, sub-step 1230. In sub-step 1230, on said updated list of available
programs, programs are indicated which have been selected for recording.

[80135] Figure 13 comprising the combination of Figure 13A and Figure 13B isa
drawing of a flowchart 1300 of an exemplary method of operating a system used for
recording and playback of programs in accordance with the present mvention. The
exemplary system is, ¢.g., a customer premise system. In some such embodiments, the
system includes a set top box including a fixed number of QAM tuners and a display
device. Operation starts in step 1302, where the system is powered on and mitiahized and
proceeds to step 1304, In step 1304, the system receives program to QAM mapping
mformation. Operation proceeds from step 1304 1o step 1306. In varous embodments,
the program to QAM mapping mformation is communicated with program gumde
information.

[00136] In siep 1300, the system includes in a first display list of available programs
corresponding 1o a first time penod an indicator used to indicate a group of programs
available for simultaneous recording. Operation proceeds from step 1306 to step 1308. In
step 1308, the system displays said first list of available programs correspondmng to a first
pentod of ime. Operation proceeds {rom step 1308 to step 1310.

[60137] Instep 1310, the system receives at least one request to record a program,
¢.g., a request 1o record a second program, during said first period of time, said request
correspondimg 1o a second QAM channel. Then, in step 1312, the system determmnes the
QAM channel(s) to which said request corresponds.

[00138] Next, in step 1314, the system receives a request to record a first program
dunng said first period of ime, and 1n step 1315, the system determines the QAM channel
to which the first program corresponds. Operation proceeds from step 1316 via connecting
node A 1318 to step 1320.

[00139] In step 1320, the system displays an updated hist of available programs

corresponding to said first period of time, said updated list including fewer programs
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available for simultaneous recording than said first list. Step 1320 includes sub-steps 1322,
1324 and 1326.

[60140] In sub-step 1322, the system determines whether the first program
corresponds to a different QAM channel than the QAM chamnel correspondmg to said at
least one request. I the first program does correspond to a different QAM channel, then
operation proceeds from sub-step 1322 to sub-step 1324, In sab-step 1324, the system
determunes if the first program request 1s the first request to use the last of'the QAM tuners
i the fixed number of QAM tuners in the system which has not already been assigned for
us¢ in receiving a program during said first period of time. If it 1s determined in sub-step
1324, that the first program request uses up the last of the QAM tuners, then operation
proceeds to sub-step 1326. In sub-step 1326, the system indicates i the updated list of
available programs that programs which correspond to the first QAM channel are available
for recording but that at least one program cormresponding to at least one other QAM
channel 1s not available for recording during said first penod of time.

[60141] In various embodiments, m the update list, programs corresponding o the
same QAM channel to which the first program cormresponds are indicated as being available
for simultaneous recording durning the first penod of time. In some such embodiments, the
number of programs indicated to be available for simultaneous recording by said system
exceeds the fixed number of QAM tuners available for tuning to different QAM channels
during said first peniod of time.

[60142] Figure 14 1s a drawing mcluding an exemplary mitial program availability
listing 1402, exemplary program mapping information 1404, an exemplary updated list
1414, an exemplary second updated list 1416, and an exemplary flowchart 1418 m
accordance with various embodiments of the present the invention. Consider that a cable
service provider has a number of programs or program channels that are available
concurrently. Program availability list 1402 identifying 20 programs 1s an exemplary hist of
available concurrent programs being broadcast. The service provider is broadcasting the
programs o be available at a customer’s set fop box. As part of the broadcasting
mmplementation, the service provider associates groups of programs with different transport

streams, e.g., MPEG-2 transport streams, and muliiplexes packets of program information
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from an associated group of programs mto the transport stream. In addition as part of the
broadcasting implementation, each transport stream conveying a group of programs is
communicated using QAM symbols 1n a different frequency band.

[00143] Program mapping mformation 1404 1dentifics the exemplary association
between programs, transport streams, and QAM frequency bands. In this example, each
transport stream conveys S programs. In other embodiments, a transport stream may
convey a different number of programs. In some embodiments, different transports streams
convey different numbers of programs. Block 1406 identifies that transport stream A
conveys programs |, 2, 5, 17, and 20 using QAM symbols in frequency band 1. Block
1408 identifies that transport stream B conveys programs 3, 6, 8, 15, and 19 using QAM
symbols m frequency band 2. Block 1410 identifies that transport stream C conveys
programs 4, 7. ¢, 10, and 12 using QAM symbols in frequency band 3. Block 1412
tdentifies that transport stream D conveys programs 11, 13, 14, 16, and 18 usmmg QAM
symbols m frequency band 4.

[60144] Cormresponding to each of the programs, the list 1402, 1n this embodiment,
also includes information associating the program with a transport stream into which the
program 1s mapped and QAM frequency band into which the transport stream is
communicated. In this example, a letter is used to indicate the mapping. In other
embodiments, color coding or dafferent symbols are used to indicate mapping. In some
embodiments, the lists presented to the user do not mclude mformation identifying the
mapping.

[600145] Flowchart 1418 1s a flowchart of an exemplary method of an example of
operating a set top box mnplemented with two embedded QAM receivers in accordance
with various embodiments. Operation starts in step 1420, where the STB is powered on
and mitialized, and proceeds to step 1422, In step 1422, the set top box presents the user
with a program availability list. The program availability list, m this example, includes
information associating programs with transport stream groupings, e.g., list 1402 including
20 programs with group association mformation. Operation proceeds from siep 1422 to
step 1424 In step 1424, the set top box receives a user request to record program 2. Then,
in step 1426 the STB determines the QAM channel for program 2 and in step 1428 the STB
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tunes s QAM receiver # 1 to frequency band 1. At this time the STB's QAM recerver # 2
is available. Operation proceeds from step 1428 to step 1430. In step 1430 the STB
displays updated hist 1414 dentifying programs that can be recorded. Then, 1n step 1432,
the STB receives a user request to record program 4. Operation proceeds from step 1432 to
step 1434, in which the STB determines the QAM chamnel for program 4. Then, in step
1436, the STB tunes its receiver # 2 to frequency band 3. At this time the STB's receiver
#1 remains tuned to frequency band 1. Opermtion proceeds from step 1436 to step 1438, In
step 1438, the STB displays a second updated list 1416, identifying programs which can be
selected to be recorded. Note that since both of the STH's QAM receivers are tuned and no
additional QAM receivers are m the STB, the second updated hist only includes programs
corresponding to transport stream A using QAM symbols in frequency band 1 and
programs cormresponding to transport stream C using QAM symbols in frequency band 3.
Operation proceeds from step 1438 to step 1440. In step 1440, the STB recerves a request
to record program 17. Operation proceeds from step 1440 to step 1442. In step 1442 the
STB controls recording of programs 2,4, and 17. In some embodiments, the STB mcludes
the recording device used to record the selectied programs. Note that, in accordance with a
feature of vanous embodiments of the present mvention, the STB 1s able to record a larger
number of programs being broadcast simultaneousky than the number of QAM receivers
included in the STB.

[00146] Figure 15 1s a drawing mcluding an exemplary mitial program availabihity
Iisting 1602, exemplary program mapping mformation 1404, an exemplary updated list
1614, an exemplary second updated list 1616, an exemplary third updated List 1618 and
legend 1620 m accordance with various embodiments ofthe present the invention. Figure
15 Hlustrates exemplary altemative display format to that of the display lists of the example
of Figure 14. Legend 1620 identifies that in the program display lists of Figure 15: (i)
blank box symbol 1622 indicates that a program 1s available to record; (1) boxed R symbol
1624 mndicates that a program has been selected 1o be recorded by the user; and (i) cucle
mcluding a slash symbol 1626 mdicates that a program is unavailable to record. Consider
that a cable service provider has a number of programs or program channels that are

available concurrently. Program availabality list 1602 identifying 20 programs is an
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exemplary list of available concurrent programs being broadcast. The service provader 1s
broadcasting the programs to be available at a2 customer's set top box. As part of the
broadcasting implementation, the service provider associates groups of programs with
different transport streams, e.g., MPEG-2 transport streams, and multiplexes packets of
program information from an associated group of programs mto the transport stream. In
addition as part of the broadcasting implementation, each transport stream conveying a
group of programs 1s communicated using QAM symbols i a different frequency band.

[00147]  Assume that the exemplary program to QAM communications channel
mapping is the same as with respect to the example of Figure 14. Program mapping
information 1404 wlentifies the exemplary association between programs, transport sireams,
and QAM frequency bands. In this example, each transport stream conveys 5 programs. In
other embodiments, a transport stream may convey a different number of programs. In
some embodiments, different transports streams convey different numbers of programs.
Block 1406 identifies that transport stream A conveys programs 1,2, 5, 17, and 20 using
QAM symbols 1 frequency band 1. Block 1408 identifies that transport stream B conveys
programs 3, 6, 8, 15, and 19 using QAM symbols 1 frequency band 2. Block 1410
identifies that transport stream C conveys programs 4, 7, 9, 16, and 12 using QAM symbols
in frequency band 3. Block 1412 identifies that transport stream D conveys programs 11,
13, 14, 16, and 18 using QAM symbols i frequency band 4.

[00148] Consider that an exemplary set top box 1s implemented with two embedded
QAM receivers, and that the user performs the same selections as m the example of Figure
14. The set top box presents the user with a program availability list 1602, which indicates
that the 20 programs are available to be recorded. The set top box receives a user request to
record program 2. The STB determines the QAM channel for program 2, and the STB
tunes its QAM receiver # 1 to frequency band 1. At this time the STB's QAM receiver # 2
1s available. The STB displays updated list 1614 identifying that program 2 has been
selected to be recorded and identifying that the user can additionally select any one of the
19 other programs fo record. The STB receives a user request to record program 4, and the
STB determines the QAM channel for program 4. The STB tunes its recerver # 2 to
frequency band 3. At this time the STB's receiver #1 remains tuned to frequency band 1.
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The STB displays a second updated list 1616, 1dentifying that programs 2 and 4 have been
selected to be recorded, that programs 3,6, 8, 11, 13, 14, 15, 16, 18 and 20 are unavailable
to record, and that the user can additionally select any one of programs 1, 5,7, 9, 10, 12, 17
and 19 1o record. Note that since both of the STB's QAM receivers are tuned and no
additional QAM receivers are in the STB, the second updated list only designates programs
cotresponding to transport stream A using QAM symbols in frequency band 1 and
programs corresponding to transport stream C using QAM symbols in frequency band 3,
which have not been yet selected as available to record. Programs correspondmg to
transport stream B/frequency band 2 and transport stream D/frequency band 4 are
designated as unavailable. The STB receives a request to record program 17, and the STB
generates and displays a third updated program list 1618. The third updated list 1618,
identifying that programs 2, 4, and 17 have been selected 1o be recorded, that programs 3,
6,8, 11,13, 14,15, 16, 18 and 19 are unavailable to record, and that the user can
additionally select any one of programs 1,5, 7,9, 10, 12 and 19 to record. The STB
controls recording of programs 2, 4, and 17. In some embodmments, the STB mcludes the
recording device used to record the selected programs. Note that, in accordance with a
feature of vanous embodiments of the present mvention, the STB 1s able to record a larger
number of programs being broadcast simultaneousky than the number of QAM receivers
included in the STB.

[00149] Figure 16 1s a drawing of an exemplary content distnibution system 1500 in
accordance with various embodiments of the present invention. Exemplary content
distnibution system 1500 is, ¢.g., a cable provider content distribution system including the
dehvery of program content including mowvies, sports programs and television programs.
Exemplary content distribution system 1500 includes a content distribution management
node 1502, a plurality of content distribution nodes {content distribution node 1 1504, |
content distribution node M 1506). Exemplary system 1500 also includes sets of set top
boxes corresponding to each of the content distribution nodes. Set top boxes (STB 1 1508,
.., STB N 1510) comrespond to content distribution node 1 1504, Set top boxes (STB 1A
1512, .., STB NA 1514) correspond to content distribution node M 1506.
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[00150] Content distribution management node 1502 mcludes a processor 1536, an
1/0 interface 1538 and memory 1540 coupled together via a bus 1542 via which the various
clements may mterchange data and information. VO mierface 1538 couples the content
distnnibution management node 1502 to the content distribution nodes (1504, ..., 1506) and
the STBs {1508, ..., 1510, 1512, ..., 1514), and to other network nodes, e.g., program
content source nodes, billing nodes, etc. Memory 1540 includes routines 1544 and
data/mformation 1546. The processor 1536, e.g., a CPU, executes the routines 1544 and
uses the data/mformation 1546 m memory 1540 to control the operation of the content
distribution management node 1502 and implement methods in accordance with the present
invention.

[60151] Routines 1544 include a set top box user set preference determmation
module 1548, a set top box user set usage patiermn determmation module 1550, and a QAM
channel construction module 1552. QAM channel construction module 1552 includes a
content distnibution optimization module 1554, Data/information 1546 mcludes a plurality
of sets of information corresponding to the set top boxes being managed by node 1502
(STB 1 data/mformation 1556, ..., STB NA data/imformation 1558).

[60152] STB 1 data/information 1556 includes a number of QAM receirvers 1564,
program preference information 1566, program recording pattern information 1568 and
content distnibution node 1dentification mformation 15370. Number of QAM recetvers 1564
wdentifies the number of QAM receivers in STB 1 1508 thus wdentifying the maximum
number of QAM communications channels to which STB1 1508 can be tuned
simultancously and receive program content being carmried by those simultaneously tuned-in
channels. Program preference mformationl 566 mncludes, for example, information
identifying a user preference for one or more types of programs, e.g., sports, western
movies, aclion movies, game shows, etc. Program recording pattem information 1568
mcludes mformation identafying types of programs recorded, times programs recorded,
numbers of concurvent programs recorded, and/or other pattern information. Content
distnibution node ID 1570 identifies that STB 1 1508 1s serviced by content distribution
node 1 1504. Data/information 1546 also includes a plurality of sets of program to QAM

channel mapping information corresponding to the various content distribution nodes being
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managed by node 1502 {generated program to QAM communications channel mappmg
information for content distribution node 1 1560, ..., generated program to QAM
communications channel mapping imformation for content dssinbution node M 1562).

[00153] STB user set preference determination module 1548 determines, on a per
content distribution node basis, aggregated user program preference information. STB user
set usage pattern determination module 1550 determines, on a per content distribution node
basis, usage pattemn mformation. Usage pattem mformation includes, ¢.g., mformation
identifying times of usage, numbers of programs recorded, types of programs recorded,
congestion time intervals, etc. QAM channel construction module 1552 generates, on a per
content distribution node basis, a set of program to QAM communications channel
mapping information. Program to QAM communications channe! mapping information
(1560, .., 1562) represent outputs of module 1552, Content distribution optimization
module 1552 utilizes information from preference determmation module 1548 and usage
pattern determmation module 1550 to beneficially group programs mto a QAM content
stream.

[600154] The generated program to QAM communications channel mapping
mformation comrespondmg for content distnibution node 1 1560 1s sent to content
distribution node 1 1504, via link 1518, where it is stored as program to QAM
communications channel mapping information 1572. The generated program to QAM
communications channel mapping mformation comresponding for content distnbution node
M 1562 is sent to content distribution node M 1506, via link 1516, where it is stored as
program to QAM communications channel mapping mformation 1574.

[00155] Content distribution node 1 1504 uses the stored program to QAM
communications channel mapping information1572 to generate and output a plurality of
different transport streams, e.g., MPEG-2 transport streams, different transport streams
being carried by different GQAM signals comresponding to different frequency bands. The
plurality of output QAM communications channels are available to the set of STBs (1508,
... 1510). A particular STB, e.g., STB 1 1508 tunes one of 1its QAM receivers to select a
particular QAM communications channel and be able to record a plurality of programs

being broadcast concusrently and being carnied by that selected QAM channel.
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[00156] Content distribution node M 1506 uses the stored program to QAM
communications channel mapping information1574 to generate and output a plarality of
dafferent transport streams, ¢.g., MPEG-2 transport streams, different transport streams
being carried by different GQAM signals comresponding to different frequency bands. The
plurality of output QAM communications channels are available to the set of STBs (1512,
... 1514). A particular STB, e.g., STB 1A 1512 tunes one of its QAM receivers to select a
particular QAM communications channel and be able to record a plurality of programs
being broadcast concurmrently and being carmed by that QAM channel.

[80157] Program toc QAM communications channel mapping mformation is
customized 1o fit the set of users being serviced by a particular content distribution node,
e.g., in terms of hardware available at the customer sile, user preferences, and/or observed
user patterns. For example, if at one node, 1t is observed that users comresponding io a
content distribution node have a tendency toward recording particular concurrent sporting
events, m some embodiments, programs corresponding to those events, are mapped to the
same QAM communications channel. For example, the set of concurrent sporting events
may be a particular set of college football games. As another example, if it 1s determined
that a group of STB users corresponding to a content distribution node would like to be able
to record a plurality of soap operas which are broadcast concurrently with cartoons, a
mixture of soap opera programs and cartoons are intentionally mapped into the same QAM
communications channel. Thus, the program to QAM channel mappmg can be optimized,
on a per content distribution node basis, to allow a group of users to be able to record a
higher number of desired programs being broadcast concurrently than would be otherwise
possible if a fixed program to QAM communications channel mappmmg was implemented in
the system. Advantageously, if at least some of the programs desired to be recorded are
pay per view programs, such an mimplementation can mcrease service provider revenues.

[00158] Output 1520 from content distribution node 1 1504 represents a plurality of
QAM communications channels available for selection by the STBs (1508, ..., 1510).
QAM tuner 1509 1n STB 1 1508 tunes to select a particular GAM channel. QAM tuner
1511 n STB N 1510 tunes to select a particular QAM channel. Output 1524 from content

distribution node M 1506 represents a plurality of QAM communications channels
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available for selection by the STBs (1512, .., 1514). QAM tuner 1513 in STB 1A 1512
tunes to select a particular QAM channel. QAM tuner 1515 in STB NA 1514 tunes to
select a particular QAM channel. STB 1 1508 and STB 1A 1512 may, and sometimes are,
tune to the same frequency band, yet receive different programming.

[00159] The STBs ({1508, ..., 1510), ... (1512, ..., 1514)) communicate with the
content distribution management node as indicated by arrows ({1528, ..., 1530), ..., (1532,
... 1534), respectively. The STBs communicate program selection information, program
recording mformation, program preference mformation and/or billing information. Such
collected information is utilized by management module 1502 in determining user set
preference mformation and user set pattern information. In some embodiments recording
information 1s collected on, e.g., a per household and/or per customer basis with the
information being communicated to and stored m, the content distribution management
node 1502, This mformation 1s then used to determine future program to communications
channel mappings, 1.¢., the information 1s used to modify the program to channel mappings
even 1f 1t 1s not used to alter the total line up of programs which are to be delivered during a
particular ime slot. When recerving immformation that a program 1s being recorded, in one
exemplary embodiment the content distribution management node stores mformation
indicating the household and/or customer making the recording, the device and/or tuner
bemg used to make the recordmg, the program chammel to which the program being
recorded corresponds and the QAM communications channel to which the program
corresponds. This mformation is collected for multiple customers and/or households and
then used to adjust future program to QAM channel mappings in order to mcrease the
probably that one or more households will be able to record more programs of interest at
the same time using fewer tuners and/or devices than would be possible without updating
program to channel mapping information. For this reason, information on the number of
tuners and/or devices used 10 make the recordmgs by a given houschold or user is stored so
that the program to channel mapping can be adjusted to mncrease the probability that
programs of interest to individual households will be grouped in such a manner that they
can be recorded using less tuners than the number of programs to be recorded and/or

viewed at a given time. Consider for example if the stored recording information indicates
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that during week one, each of one or more households each simultaneously recorded
tetevision programs 1, 2 and 3 using 3 distinct taners and/or devices since each of the
programs corresponded 1o different QAM communications channels. In accordance with
the mvention, in analyzing this mformation, it would be determined that weekly television
programs 1, 2, and 3 should be mapped to the same QAM communications channel in
future weeks so that episodes corresponding to the three weekly television programs can be
recorded simultaneously using a smgle tuner and/or recording device as opposed to 3
dastinct tuner's previously necessitated by the fact that different QAM channels had been
used fo deliver the 3 programs. Thus, in one such embodiment, in week two, programs 1, 2
and 3 would be mapped to the same QAM communications channel allowing the
households to record all 3 programs simultanecusly using a single tuner and/or recording
device. As should be appreciated, information on programs which are not recorded
simultaneously i mdividual households can also be stored and used to adjust future
program to QAM communications channel mappings. In order to make the television to
channel mapping adjustments, in some embodiments weekly programs or other programs
which are not detected as being recorded simultaneously by one or more households or
users may be moved from a single QAM communications chammel to different QAM
channels for delivery. For example, if in week 1 it is detected that no individual household
or user records both of two 7pm news broadcasts which share the same time slot and are
communicated m week 1 using the same communications chanmel, rather than group these
news broadcasts together in a QAM communications channel during future weeks they will
be allocated to different QAM channels allowing, ¢.g., TV sitcoms which also share the
7pm time slot and which were detected as bemg recorded by at least one imndividual
household or user at the same time, to be grouped together in the same QAM channel
previously occupied by, e.g., the news programs which were not detected as bemg recorded
at the same time by an individual user or houschold. Thus, while the sitcoms and news
broadcasts continue i the 7pm time slot, the alteration of the program to QAM
commmunications channel mapping allows both sitcoms 1o be recorded usmg a single tuner
and/or recording device while previously two tuners would have been required due to the

use of different QAM channels being used to deliver the sitcoms. Thus, in accordance with
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the mvention updating of program to channel mappmgs can be optimized based on local
and/or regional recording statistics. In this manner, the program to communications
channel mappimgs can be determined locally in a manner that takes mto consideration a
particular geographic region's past viewing and recording of recurring programs, e.g., TV
sitcoms, news programs, regular sports shows, etc., which recur on a regular basis, albeit
with different episodes being shown from one occurrence to the next. As a result of using
regional or local recording mmformation, the program to QAM chammel limeups may, and
often do, vary at different content distnbution nodes and may be updated at different times
as the recording information indicates particular recording pattemns in a given region.
Changes in program to QAM chamnel mappings are communicated to the STBs so that they
remain able {o tune to the appropriate QAM channel m response 1o a user selecting a
particular program. While the changes are intended to facilitate the recording of multiple
programs simultaneously, 1t 1s possible that a change in the program to QAM channel
mapping may result in a user who previously selected multiple programs to record
correspondmng to a single QAM channel no longer bemg able to record the selected
programs due to the programs being reallocated to different QAM channels. In one
embodiment, the STB monitors for changes m program to QAM channel mappmgs, checks
in response to detecting a change if previously selected programs can still be recorded
given the particular STB's hardware capabilities, ¢.g., number of tuners. When it 1s
determined that multiple programs previously corresponding to a single GAM channel but
now corresponding to multiple QAM channels can not be recorded due to the lack of an
additional available tuner, a notification 1s generated and presented, ¢.g., displayed, to the
user indicating that the user's previous recording selection is no longer vahd and that the
user must update his/her recording selection due to a change in content delivery, e.g., 2
change 1n program to QAM channel mappings.

[00160] In various embodiments system elements described herem are implemented
using one or more modules which are used to perform the steps comresponding to one or
more methods of the present mmvention, for example, request processing, content 1o stream
assignment, conlent recovery, multiplexing, demultiplexmg, display generation, recordmmg

of multiple programs in a QAM chamnel, etc. Such modules may be implemented using
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soflware, hardware or a combination of software and hardware. Each step may be
performed by one or more different software instimuctions executed by a processor, e.g.,
CPU.

[00161] At lcast one system implemented in accordance with the present invention
includes a means for implementing the various steps which are part of the methods of the
present invention. Each means may be, e.g., an instruction, processor, hardware circuit
and/or combmation of clements used to mplement a described step.

[80162] Many of the above described methods or method steps can be implemented
using machine executable instructions, such as software, included in a machine readable
medium such as a memory device, ¢.g., RAM, floppy disk, etc. to control a machine, ¢.g.,
general purpose computer with or without additional hardware, to implement all or portions
of the above described methods, e.g., In one or more nodes. Accordingly, among other
things, the present invention 1s directed to a machine-readable medium including machme
executable mstractions for causing a machine, e.g., processor and associated hardware, to
perform one or more of the steps of the above-descnbed method(s).

Numerous addittonal embodiments, within the scope of the present mvention, will be
apparent to those of ordinary skill in the art in view of the above description and the claims

which follow.
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WHAT IS CLAIMED IS:

1. A content delivery method, the method comprising:

receiving a first request for first content from a first user device;
assigning the requested first content to a first content delivery stream for delivery;
receiving a second request for second content from the first user device; and

assigning the requested second content to said first content delivery stream for

delivery during a period of time during which at least some of said first content is to be

delivered.

2.

The method of claim 1, wherein said first and second requests for content are

included in a single content request message received from the first user device.

3.

The method of claim 1, wherein said first and second content include video content

and wherein said first content delivery stream is a Transport stream.

4.

The method of claim 3, wherein said Transport stream is an MPEG-2 transport

stream, the method further comprising:

communicating said transport stream to the first user device using a first QAM

channel.

5.

6.

The method of claim 4, wherein said first user device is a set to box.

The method of claim 1, further comprising:
receiving a third request for third content from a second user device;

determining if the requested third content is assigned for delivery to one ofa

plurality of content delivery streams; and

if said requested content is already assigned to be delivered by a content delivery

stream, communicating tuning information to the second user device corresponding to the

content delivery stream to which the requested third content has been assigned for delivery.

49

Page 50 of 81



—_ N s W N

[\’

w1 N W

[\

~N N A W

[ T S O N N R

(TW-14APP1/TWC -06-35)

7. The method of claim 6, further comprising:
if said requested content has not already been assigned to be delivered by a content
delivery stream:
assigning the requested third content to a content delivery stream; and
communicating tuning information to the second user device corresponding to the

content delivery stream to which the requested third content has been assigned for delivery.

8. The method of claim 7, wherein said step of assigning the requested third content to
a content delivery stream includes:

determining whether the first content delivery stream has capacity to communicate
said third content; and

if said first content delivery stream has capacity to communicate said third content,
assigning the third content for delivery using said first content delivery stream, at least a
portion of said third content being assigned for delivery during a portion of time during

which said first and second content is delivered.

9. The method of claim 7, wherein said step of assigning the requested third content to
a content delivery stream includes:

determining whether the first content delivery stream has capacity to communicate
said third content; and

wherein if said first content delivery stream does not have capacity to communicate
said third content, assigning the third content for delivery to another content delivery

stream.

10. The, method of claim 9, further comprising:
receiving a fourth request for first content from the second user device;
determining if the requested first content is assigned for delivery in said another
content delivery stream to which other content requested by the second user is assigned for

delivery; and
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ifit is determined that the requested first content is not assigned for delivery in said
another content delivery stream, assigning the requested first content to said another
content delivery stream for delivery during a period of time during which at least some of

said third content is to be delivered.

11. The method of claim 9, further comprising:

receiving a fourth request for first content from the second user device;

determining if the requested first content is assigned for delivery in said another
content delivery stream to which other content requested by the second user is assigned for
delivery; and

if it is determined that the requested first content is not assigned for delivery in said
another content delivery stream,

determining whether said another content delivery stream has capacity to
communicate said first content;

wherein if said another content delivery stream does not have capacity to
communicate said first content, assigning the first and third content for delivery to a third
content delivery stream; and

communicating tuning information to the second user device corresponding to the
third content delivery stream to which the requested first and third content has been

assigned for delivery.

12. A content delivery system, the system comprising:

a content request processing module for receiving and processing multiple content
requests from a first user device, said multiple content requests including a first request for
first content and a second content request from the first user device; and

a content to content delivery stream assignment module for assigning requested
content to individual ones of a plurality of available content delivery streams, at least some
of said content delivery streams having sufficient bandwidth to support the delivery of
multiple programs, said content to content delivery stream assignment module assigning

content corresponding to multiple different content requests from the first user to at least
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one content delivery stream according to a predetermined content to content stream
assignment mapping process; and
a multiplexing control module for controlling multiplexing of content assigned to

the same content delivery stream.

13. The system of claim 12,
wherein said content request processing module is a message processing module;
and
wherein said first and second requests for content are included in a single content

request message received from the first user device.

14. The system of claim 12, wherein said first and second content includes video
content, the system further comprising:

a multiplexer for generating an MPEG-2 Transport stream from a first MPEG-2
elementary stream including at least some of said first content and a second elementary

stream including at least some of said second content. .

15. The system of claim 14, wherein said system further includes:

an information generating module for generating multiplexing information to be
included in said MPEG-2 Transport stream, said information generating module generating
information used to identify first packets included in said MPEG-2 transport stream which
correspond to said first content and to identify second packets included in said MPEG-2

Transport stream corresponding to said second content.

16. The system of claim 15, further comprising said first user device, said first user

device being a set to box.

17. The system of claim 12, further comprising a QAM modulator for modulating the

content of said content delivery stream onto a QAM communications channel.
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18. The system of claim 12, wherein said content request processing module is
configured to process and receive additional request from other users, said content request
processing module including:

a previous assignment determination module for determining if content requested by
an additional user device has already been assigned for delivery to one of the plurality of
content delivery streams; and

an assignment communication module for communicating tuning information to the
additional user device, said tuning information corresponding to the content delivery stream

to which the requested additional content has been assigned for delivery.

19. The system of claim 18, wherein said content to content delivery stream assignment
module includes means for assigning the additional requested content to a content delivery
stream when said content has not already been assigned to be delivered by a content

delivery stream.

20. The system of claim 19, wherein said content to content delivery stream assignment
module includes:

means for determining whether the first content delivery stream has capacity to
communicate said additional content; and

means for assigning said additional requested content to the first content delivery
stream when said first content delivery stream has capacity to communicate said additional

content.

21. The system of claim 19, wherein said content to content delivery stream assignment
module includes:

means for determining whether the first content delivery stream has capacity to
communicate said additional content; and

means for assigning the additional content for delivery to another content delivery
stream when said first content delivery stream does not have capacity to communicate said

additional content.
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22. A method of operating a user device used to deliver program content, the method
comprising:

sending a first request for first content;

sending a second request for send content;

receiving tuning information corresponding to a first content delivery stream to
which the requested first content and second content have been assigned to for delivery;

receiving from said first content delivery stream multiplexed data including at least

some of said first and second content.

23. The method of claim 22, further comprising:
controlling recording of data including at least some of said first and second content

received from said first content delivery stream.

24. The method of claim 23, wherein said first content corresponds to a first program,
wherein said second content corresponds to a second program, the method further
comprising:

receiving from said first content delivery stream multiplexed data including at least
some content corresponding to a third program, said content corresponding to a third
program being delivered during a time interval in which at least some first and second
program content is delivered; and

outputting third program image data for display, said third program image data

being generated from the received third program content.

25. The method of claim 24, wherein said outputting third program image data for

display is performed while controlling recoding of said first and second content.

26. The method of claim 25, further comprising:
operating a recording device under control of said user device to record said first

and second program content on a digital data storage device.
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27. The method of claim 25, wherein said recording device is included within said user
device.
28. The method of claim 27, user device includes a sealed housing,

said storage device being located within said sealed housing.

29. The method of claim 28, wherein said user device is a set top box.

30. The method of claim 24, further comprising:
tuning a QAM receiver to a frequency band identified by said received tuning
information, said first frequency band being used to communicate said first content delivery

stream.

31. The method of claim 30, wherein said frequency band is identified by a stream

channel indicator.

32. The method of claim 31, further comprising:
operating a MPEG-2 Transport stream demultiplexer to demultiplex packets
corresponding to different programs recovered by said QAM receiver from said first

content delivery stream.

33. An apparatus used to deliver program content, the apparatus comprising:

a transmission module for sending requests for content including a first content
request and a second content request;

a tuner module for receiving tuning information corresponding to a first content
delivery stream to which the requested first content and second content have been assigned
to for delivery;

a receiver for receiving from said first content delivery stream multiplexed data

including at least some of said first and second content.
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34. The apparatus of claim 33, further comprising:
a control module for controlling recording of data including at least some of said

first and second content received from said first content delivery stream.

35. The apparatus of claim 34,

wherein said first content corresponds to a first program;

wherein said second content corresponds to a second program;

wherein said receiver receives from said first content delivery stream multiplexed
data including at least some content corresponding to a third program, said content
corresponding to a third program being delivered during a time interval in which at least
some first and second program content is delivered; and

means for outputting third program image data for display, said third program

image data being generated from the received third program content.

36. The apparatus of claim 35, wherein said receiver is a QAM receiver; and wherein
said apparatus further includes:

a MPEG-2 Transport stream demultiplexer to demultiplex packets corresponding to

different programs recovered by said QAM receiver from said first content delivery stream.

37. The apparatus of claim 35,
wherein said apparatus is a set top box; and

wherein said receiver is coupled to a cable television input.
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ABSTRACT

In response to user requests for content, content may be dynamically mapped to
communications channels, e.g., QAM channels, used to communicate multiple programs
during the same transmission time slot, ¢.g., through the use of multiplexed MPEG streams.
A customer premise device, e.g., STB, uses a tuner tuned to the QAM channel to receive
the communicated stream, recovers multiple programs communicated using the single
communications channel, and records and/or displays the recovered programs. In this
manner, more programs can be received and recorded than there are tuners in the customer
premise device, e.g., STB. In some embodiments a content service provider control node
processes user requests for content, maps requested programs to transport streams,
communicates mapping decision information to a content distribution node, and
communicates QAM tuning information to the user devices which can then receive and

record multiple programs communicated via a single communications channel.
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3007 Ty

30
SDV POLICY SERVER 356
< 352 TUNER
A i A //REQU EST CONTROL
354 364 PROGRAM SIGNAL TO
CONTROL CHANNELS 1,2, 3, SELECT FIGURE 3
CONTROL SIGNAL SIGNALTO 4,85 BAND X
10 CAUSE CAUSE CHANNEL p—
CHANNELS 1,2, 3, 4, 6 TO BE PLACED 305
&5TO BE PLACED IN A TRANSPORT / 311 '
IN A TRANSPORT STREAM
STREAM COMMUNICATED |_QAM ROVRIDEMOD
COMMUNICATED USING QAM 319 1
USING QAM SIGNALS IN TUNER CONTROL SIGNAL TO SELECT BAND X 360
SIGNALS IN FREQUENCY ] v
FREQUENCY BAND BAND Y REQUEST PROGRAM CHANNELS 1, 2, 3, N
X =
370 |- 358 FREQ FREQ N
CONTROL o 207 BAND BAND
SIGNAL X Y
TO ADD
PROG Al Y TSt Ts2
. OC;*‘;E 0 [_QAM RCVRIDEMOD PROGRAM | | PROGRAM
SAND Y SET SET
REQUEST PROGRAM CHANNEL 6 362
CONTENT DISTRIBUTION ]~ 303 TUNER CONTROL SIGNAL TO SELECT BAND Y 366 u
NODE REQUEST PROGRAM CHANNEL1 368 © =
P ] a = {317
309 < 6
STRC : 4
v / 315 o~ 6. 1
| QAM RCVR/DEMOD \4
323
pd
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400 ™ 5/21

START METHOD OF OPERATING A 401
RECORDING AND PLAYBACK DEVICE

SELECTED BY A USER OF THE DEVICE

404 v
DETERMINE A FIRST COMMUNICATIONS CHANNEL
USED TO COMMUNICATE SAID FIRST PROGRAM

406\, A
PRESENT TO THE USER A LIST OF AT LEAST SOME PROGRAMS
COMMUNICATED USING THE FIRST COMMUNICATIONS CHANNEL

408\ y
RECEIVE USER INPUT INDICATING SELECTION OF A
SECOND PROGRAM BY SAID USER I

410\, 4 ]
OPERATE THE FIRST RECEIVER TO RECEIVE A FIRST CHANNEL | |
SIGNAL FROM THE FIRST CHANNEL WHILE SAID FIRST CHANNEL

412 y

RECOVER FROM THE RECEIVED FIRST CHANNEL SIGNAL
PACKETS CORRESPONDING TO SAID USER SELECTED FIRST
PROGRAM AND PACKETS CORRESPONDING TO SAID SECOND

402 +
> \\ 43
RECEIVE USER INPUT IDENTIFYING A FIRST PROGRAM (oo o= — —

RECEIVE USER INPUT IDENTIFYING
| ANOTHER PROGRAM SELECTED BY l
] A USER OF THE DEVICE

— — s o — o —— o

. AN
['OPERATE THE SECOND RECEIVER TO-;
| RECEIVE A SECOND CHANNEL SIGNAL

FROM A SECOND CHANNEL WHILE |
| THE FIRST CHANNEL SIGNAL IS BEING |

RECEIVED BY THE FIRST RECEIVER |

_______ aseN_ _
RECOVER FROM THE RECEIVED SECOND
CHANNEL SIGNAL PACKETS
CORRESPONDING TO SAID SELECTED
ANOTHER PROGRAM AND PACKETS

RECORD AT LEAST SOME OF THE
| RECOVERED PACKETS
| CORRESPONDING TO THE THIRD |

PROGRAM L _PB-OGRA_M _ |
4148
RECORD AT LEAGT SOME OF SAD 4168 418
RECEIWED PACKETS CORRESPONDING TO (S—L-}ﬁUT DECODED
THE SECOND PROGRAM RECORD AT LEAST
SOME OF SAID INFORMATION
N A SECEIVED ! GENERATED FROM THE
| GENERATE BILLING INFORMATION BASED | PACKETS l RECOVERED FIRST
| ON RECORDING AT LEAST SOME SECOND l CORRESPONDING PROGRAM PACKETS TO
! PROGRAM PACKETS o TO THE FIRST l ! AN QUTPUT DEVICE
- _4—22;__ - -j— _____ PROGRAM DURING AT LEASTA
Mo TMCNTGATE BTUNGTEORATONTGORI L o " _| | PORTIONOFTIE |

NETWORK DEVICE FOR PROCESSING |

RECEIVE USER INPUT IDENTIFYING THAT SAID USER
SELECTED THE SECOND PROGRAM FCR PLAYBACK

4268\ \

DURING WHICH SAID
STEP OF RECORDING AT
l LEAST SOME OF SAID
RECOVERED PACKETS
CORRESPONDING TO
THE SECOND PROGRAM
L IS PERFORMED

OUTPUT DECODED INFORMATION GENERATED FROM SAID
RECOVERED SECOND PROGRAM PACKETS TO AN OUTPUT DEVICE

A _ Y o ___
| GENERATE BILLING INFORMATION BASED ON QUTPUTTING

| DECODED INFORMATION GENERATED FROM SAID RECOVERED
| SECOND PROGRAM PACKETS TO AN OUTPUT DEVICE

\l COMMUNICATE BILLING INFORMATION TOA |
| NETWORK DEVICE FOR PROCESSING I
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START METHOD OF OPERATING A 502
RECORDING AND PLAYBACK DEVICE

504~ /\__},_ ) =

RECEIVE USER INPUT IDENTIFYING A FIRST PROGRAM
SELECTED BY A USER OF THE DEVICE

506\ ‘

DETERMINE A FIRST COMMUNICATIONS CHANNEL
USED TO COMMUNICATE SAID FIRST PROGRAM

508\ *

PRESENT TO THE USER A LIST OF AT LEAST SOME
PROGRAMS COMMUNICATED USING THE FIRST
COMMUNICATIONS CHANNEL

510\ +

RECEIVE USER INPUT INDICATING SELECTION OF A
SECOND PROGRAM BY SAID USER

512\ +

OPERATE THE FIRST RECEIVER TO RECEIVE A FIRST
CHANNEL SIGNAL FROM THE FIRST CHANNEL WHILE
SAID FIRST CHANNEL IS BEINGUSED TO
COMMUNICATE SAID FIRST PROGRAM

514 \

[™ RECEIVE USER INPUT IDENTIFYING
| ANOTHER PROGRAM SELECTEDBY A |
| USER OF THE DEVICE ]

_____ L N
[” OPERATE THE SECOND RECEIVER TO |
| RECEIVE A SECOND CHANNEL SIGNAL |
| FROM A SECOND CHANNEL WHILE THE |
| FIRST CHANNEL SIGNAL IS BEING I

RECEIVED BY THE FIRST RECEIVER

[ " RECOVER FROM THE RECENED |
| SECOND GHANNEL SIGNAL PACKETS |
| CORRESPONDING TO SAID SELECTED |
| ANOTHER PROGRAM AND PACKETS |

CORRESPONDING TOATHIRD |
[ PROGRAM |

Ty E

| CORRESPONDING TO THE THIRD

l
| RECOVERED PACKETS |
PROGRAM i

RECOVER FROM THE RECEIVED FIRST CHANNEL SIGNAL PACKETS
CORRESPONDING TO SAID USER SELECTED FIRST PROGRAM AND
PACKETS CORRESPONDING TO SAID SECOND PROGRAM

516

RECORD AT LEAST SOME PACKETS FROM EACH OF A
PLURALITY OF PROGRAMS COMMUNICATED ON THE FIRST
COMMUNICATIONS CHANNEL WHILE SAID FIRST
COMMUNICATIONS CHANNEL IS USED TO COMMUNICATE THE

520 FIRST PROGRAM 522

RECORD AT LEAST SOME ‘ RECORD AT LEAST SOME _]

OF SAID RECEIVED OF SAID RECEIVED !

PACKETS
PACKETS CORRESPONDING
CORRESPONDING TO THE TO THE FIRST PROGRAM

SECOND PROGRAM — N

524 Y

N /\ M

OUTPUT DECODED INFORMATION 1
GENERATED FROM THE RECOVERED
FIRST PROGRAM PACKETS TO AN
OUTPUT DEVICE DURING AT LEAST A
PORTION OF TIME DURING WHICH
I SAID STEP OF RECORDING AT LEAST

SOME OF SAID RECOVERED *
PACKETS CORRESPONDING TO THE
SECOND PROGRAM IS PERFORME?_J

PRESENT THE USER WITH A LIST OF PROGRAMS RECEIVED OVER

THE FIRST COMMUNICATIONS CHANNEL WHICH ARE AVAILABLE FOR FlGU RE 5A
PLAYBACK, AT LEAST A PORTION OF AT LEAST ONE PROGRAM ON FIGURE SB

SAID LIST HAVING BEEN COMMUNICATED TO SAID DEVICE WHILE SAID

FIRST COMMUNICATIONS CHANNEL IS USED TO COMMUNICATE SAID Fl G U RE 5

FIRST PROGRAM

o \é FIGURE
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530\

7121

526

532 ~

REMOVE A PROGRAM FROM
SAID LIST OF PROGRAMS IN
RESPONSE TO ONE OF: i) A
PROGRAM RETENTION TIMER
EXPIRING AND i) A STORAGE
CONSTRAINT HAVING BEEN
REACHED

RECEIVE USER INPUT IDENTIFYING THAT SAID
USER SELECTED THE SECOND PROGRAM FOR
PLAYBACK

l 534\

OUTPUT DECODED INFORMATION GENERATED
FROM SAID RECOVERED SECOND PROGRAM
PACKETS TO AN OUTPUT DEVICE

______ ‘Lfﬁf\____

r GENERATE BILLING INFORMATION BASED ON l
OUTPUTTING DECODED INFORMATION

| GENERATED FROM SAID RECOVERED SECOND |

| PROGRAM PACKETS TO AN OUTPUT DEVICE |

538
______ _— N
[” COMMUNICATE BILLING INFORMATION TO A |
| NETWORK DEVICE FOR PROCESSING |

FIGURE 5B
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SERVICE
PROVIDER

600\

USER INTERFACE RECORDING AND PLAYBACK APPARATUS 608
MODULE EVORY <
REMOTE CONTROL /8% /832
INTERFACE ROUTINES 616  DATAINFO 654
MODULE, EG., IR £ <
’ ! CHANNEL DETERMINATION /634 RECEIVED FIRST PROGRAM PROGRAM
INTERFACE -
< MODULE 836 SELECTION INFORMATION LIST
626 gog / INFORMATION
P | RECORDING CONTROL MODULE | 648 65
CONTROL PANEL 638 RECEIVED NTH PROGRAM ROGRAN
INTERFACE || | |_PRESENTATION MODULE | SELECTION INFORMATION RETENTION
TIMER INFO
502" MAN[/)\AGTF/EL\MSETI\?TRI@(SEULE o DETERMINED 15T
_ 604 COMMUNICATIONS CHANNEL | | PROGRAM
BILLING INFORMATION | 642 o5 STORAGE
PROCESSOR GENERATION MODULE k2 INFO ®
644 DETERMINED 20 1 7\658 660 N
COMMUNICATIONS MODULE | COMMUNICATIONS CHANNEL | [BILLING INFO =
AN T B R B
664 618
606 662 610 612 » |
“ CABLE FIRST RECEIV/ER PACKET e 868 | 516 670 QUTPUT
DE- TO
INTERFACE .L MODULE, E.G., FIRST RECOVERY MULT!P[EEXER .‘ DECODER._S.%_» MODULE “’%’UTPUT
MODULE 8 QAMRECEIVER | | MODULE DEVICE
) [ ] s
' 0 o EG,TV
A __..,]_...... 0:\678 669
676 *EECOND RECEIVER lg ~
MODULEEG, P RECORDING PROGRAM
SECOND QAM MODULE STORAGE
L . RECENVER 6201 a
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714—‘

TRANSPORT STREAM A
PROGRAM 1 CONVEYING PROGRAMS | 706
PROGRAM 2 1,2,5,17,20
PROGRAM 3 USING QAM SYMBOLS IN
PROGRAM A FREQUENCY BAND 1
PROGRAM 5
PROGRAM 6 TRANSPORT STREAM B
PROGRAM 7 CONVEYING PROGRAMS | 708
PROGRAM 8 3,6,8,15,19
PROGRAM 9 USING QAM SYMBOLS IN
PROGRANI 10 FREQUENCY BAND 2

PROGRAM 11
PROGRAM 12 TRANSPORT STREAM C
PROGRAM 13 CONVEYING PROGRAMS | 710
PROGRAM 14 4,7,9,10,12
PROGRAM 15 USING QAM SYMBOLS IN
PROGRAM 16 FREQUENCY BAND 3
PROGRAM 17
PROGRAM 18 TRANSPORT STREAM D
PROGRAM 19 CONVEYING PROGRAMS | 712
PROGRAM 20 11,13, 14, 16, 18
USING QAM SYMBOLS IN
FREQUENCY BAND 4
702
PROGRAM
AVAILABILITY 704
LIST PROGRAM
MAPPING
INFO

START 716
! 718

AY

720
S 722
STB WITH SINGLE STB RECEIVES USER SELECTION
QAM RECEIVER OF A PROGRAM AND INDICATION Sggggﬁ'&'gfg &ADM
PRESENTS USER AS TO WHETHER USER DESIRES
WITHPROGRAM [ LIVE STREAMING OR > COSF;FEEEii?gND’g%TO
AVAILABILITY LIST, RECORDING, E. G., PROGRAM 15 D
E.G. 20 PROGRAMS —LIVE STREAMING
728 726 & 724
STB RECEIVES USER STB PRESENTS USER WITH A STB IDENTIFIES SET OF
RESPONSE IDENTIFYING LIST OF PROGRAMS IN PROGRAMS IN GROUP
PROGRAMSFROM | o | IDENTIFIED GROUP WHICH CAN CORRESPONDING TO
GROUP TO BE BE RECORDED INADDITIONTO {1~ sELECTION, EG.
RECORDED, E.G,, INITIAL REQUEST E.G,, PROGRAMS 3, 6, 8, 15,
PROGRAMS 3, 6, 19 PROGRAMS 3, 6, 8, 15, 19 19
i 730 732 734
STB TUNES ITS OAM STB RECOVERS STB OUTPUTS INFORMATION
PACKETS FROM RECOVERED PACKETS
RECEIVER TO IDENTIFIED CORRESPONDING TO USER
FREQUENCY BAND,EG., 4] CORRESPONDINGTO ||
FREQUENCY BAND 2 RECEIVED USER INPUT, REQUESTED LIVE STREAMING
E.G., PROGRAMS 15,3,8, PROGRAM, IF ANY, E.G,
AND 19 PROGRAM 15, TO A DISPLAY
DEVICE
STB CONTROLS RECORDING OF
USER REQUESTED PROGRAMS
TORECORD, E.G., PROGRAM 3,
6, AND 19 INFORMATION

Page 67 of 81

L2/6

736



TRANSPORT STREAM A
PROGRAM 1~ A CONVEYING PROGRAMS
PROGRAM2 A 1,2,5,17,20
PROGRAM3 B USING QAM SYMBOLS IN
PROGRAMA G FREQUENCY BAND 1
PROGRAM5 A
PROGRAM6 B TRANSPORT STREAM B
PROGRAM7 € CONVEYING PROGRAMS
PROGRAM S8 B 3,6,8,15,19
PROGRAMS C USING QAM SYMBOLS IN
PROGRAVI 10 G FREQUENCY BAND 2
PROGRAM 11 D
PROGRAM 12 C TRANSPORT STREAM C
PROGRAM 13 D CONVEYING PROGRAMS
PROGRAM 14 D 4,7,9,10,12
PROGRAM 15 B USING QAM SYMBOLS IN
CROGRAN 6 D FREQUENCY BAND 3
PROGRAM 17 A
PROGRAM 18 D TRANSPORT STREAM D
PROGRAM 19 B CONVEYING PROGRAMS
PROGRAM 20 A 11,13, 14,16, 18

USING QAM SYMBOLS IN
FREQUENCY BAND 4
802
PROGRAM
AVAILABILITY 804
LIST PROGRAM
MAPPING
INFO

814—‘

START 816
818

820

£

808

STB PRESENTS USER WITH

PROGRAM AVAILABILITY LIST, SAID
PROGRAM AVAILABILITY LIST

INCLUDING INFORMATION

ASSOCIATING PROGRAMS WITH
TRANSPORT STREAM GROUPINGS

P

810

812

STB RECEIVES USER SELECTION OF A PLURALITY OF
PROGRAMS TO BE RECORDED CORRESPONDING TO
A SINGLE TRANSPORT STREAM, WHEREIN THE
NUMBER OF QAM RECEIVERS IN SAID STB IS LESS
THAN THE NUMBER OF SELECTED PROGRAMS, E.G.
STB HAS ONLY 1 QAM RECEIVER AND STB RECEIVES
USER REQUEST TO RECORD PROGRAMS 4, 7, AND 12

Y

824 ,822
Réigkﬁﬁﬁiigﬁﬁﬁﬁéo STB IDENTIFIES QAM FREQUENCY
o« BAND CORRESPONDING TO
FREQUENCY BAND, EG., ‘SELECTION, E.G. BAND 3
FREQUENCY BAND 3
826 828
Sngi?g%ggﬁ%iﬁ§$g78 STB CONTROLS RECORDING OF
SELECTION.EG., USER REQUESTED PROGRAMS

PROGRAM 4, 7 AND 12
PACKETS

FIGURE 8
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00~ 11/21 oo

CSTART CONTENT DELIVERY METHOD)/ 004

Y P

RECEIVE A CONTENT REQUEST MESSAGE FROM A FIRST USER

906
RECEIVE A FIRST REQUEST FOR FIRST CONTENT FROM A FIRST USER DEVICE

908
£

RECEIVE A SECOND REQUEST FOR SECOND CONTENT FROM A FIRST USER DEVICE

* 910
P

ASSIGN THE REQUESTED FIRST CONTENT TO A FIRST CONTENT DELIVERY STREAM FOR DELIVERY

* 912

ASSIGN THE REQUESTED SECOND CONTENT TO THE FIRST CONTENT DELIVERY STREAM FOR

DELIVERY
* 914
RECEIVE A THIRD REQUEST FOR THIRD CONTENT FROM A SECOND USER DEVICE d

THIRD REQUESTED
ONTENT ASSIGNED FOR DELIVER
TO ONE OF A PLURALITY OF
CONTENT DELIVERY

920

ASSIGN THE REQUESTED THIRD CONTENT TO A CONTENT
DELIVERY STREAM

918
£

922

COMMUNICATE TUNING

INFORMATION TO THE

SECOND USER DEVICE
CORRESPONDING TO THE

DOES
FIRST CONTENT DELIVERY STREAM
HAVE CAPACITY TO COMMUNICATE
AID THIRD CONTENTZ2

CONTENT DELIVERY 024
STREAM TO WHICH THE ~ 926
THIRD CONTENT HAS BEEN ASSIGN THE THIRD CONTENT FOR Z
ASSIGNED FOR DELIVERY DELIVERY USING THE FIRST CONTENT ASSIGN THE
DELIVERY STREAM, AT LEAST A THIRD CONTENT
PORTION OF SAID THIRD CONTENT TO ANOTHER
BEING ASSIGNED FOR DELIVERY CONTENT
DURING A PORTION OF TIME DURING DELIVERY
WHICH SAID FIRST AND SECOND STREAM
CONTENT IS DELIVERED
928 ]
FIGURE 9A N COMMUNICATE TUNING INFORMATION TO THE SECOND USER

DEVICE CORRESPONDING TO THE CONTENT DELIVERY STREAM
TO WHICH THE THIRD CONTENT HAS BEEN ASSIGNED FOR
930 DELIVERY
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12/21
930

932

RECEIVE A FOURTH REQUEST FOR FIRST CONTENT FROM A
SECOND USER DEVICE

THE REQUESTED FIRST
CONTENT ASSIGNED FOR DELIVERY IN
THE CONTENT DELIVERY STREAM TO WHICH
HE SECOND USER DEVICE IS CURRENTL

CONTENT DELIVERY STREAM TO
WHICH THE SECOND USER IS CURRENTLY
TUNED HAVE ENOUGH CAPACITY TO
COMMUNICATE THE FIRST

CONTENT?
936
el
ASSIGN THE REQUESTED FIRST /938
CONTENT TO THE CONTENT ASSIGN THE FIRST AND THIRD
DELIVERY STREAM TO WHICH THE
CONTENT FOR DELIVERY TO A
SECOND USER DEVICE IS THIRD CONTENT DELIVERY
CURRENTLY TUNED STREAM
l, 940
FIGURE 9B -
COMMUNICATE TUNING
INFORMATION TO THE SECOND
USER DEVICE CORRESPONDING
TO THE THIRD CONTENT
DELIVERY STREAM TO WHICH
FIGURE 9A THE REQUESTED FIRST AND
THIRD CONTENT HAS BEEN
FIGURE 9B ASSIGNED FOR DELIVERY
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1000-—‘ 1002
(START METHOD OF OPERATING A USER DEVICE>/

SEND A CONTENT REQUEST MESSAGE

1006 1004
SEND A REQUEST FOR FIRST CONTENT b~ L~
1008

SEND A REQUEST FOR SECOND CONTENT

% 1010

RECEIVE TUNING INFORMATION CORRESPONDING TO A FIRST CONTENT DELIVERY STREAM TO WHICH
THE REQUESTED FIRST CONTENT AND SECOND CONTENT HAVE BEEN ASSIGNED FOR DELIVERY

* 1012

TUNE A QAM RECEIVER TO A FREQUENCY BAND IDENTIFIED BY SAID RECEIVED TUNING INFORMATION,
SAID FIRST FREQUENCY BAND BEING USED TO COMMUNICATE SAID FIRST CONTENT DELIVERY
STREAM

¢ 1014
<
RECEIVE SAID FIRST CONTENT DELIVERY STREAM 1016

RECEIVE FROM THE FIRST CONTENT DELIVERY STREAM MULTIPLEXED DATA INCLUDING AT LEAST
SOME OF SAID FIRST AND SECOND CONTENT

1018

RECEIVE FROM THE FIRST CONTENT DELIVERY STREAM MULTIPLEXED DATA INCLUDING AT LEAST

SOME CONTENT CORRESPONDING TO A THIRD PROGRAM, SAID CONTENT CORRESPONDING TO A

THIRD PROGRAM BEING DELIVERED DURING A TIME INTERVAL IN WHICH AT LEAST SOME OF SAID
FIRST AND SECOND PROGRAM CONTENT IS DELIVERED

¢ 1020

OPERATE A DEMULTIPLEXER, E.G., A MPEG-2 TRANSPORT STREAM DEMULTIPLEXER, TO DEMULTIPLEX
PACKETS CORRESPONDING TO DIFFERENT PROGRAMS RECOVERED BY SAID QAM RECEIVER FROM
THE FIRST CONTENT DELIVERY STREAM

P

CONTROL RECORDING OF DATA INCLUDING OUTPUT THIRD PROGRAM IMAGE DATA FOR
AT LEAST SOME OF SAID FIRST AND SECOND DISPLAY, SAID THIRD PROGRAM IMAGE

CONTENT RECEIVED FROM SAID FIRST DATA BEING GENERATED FROM THE

CONTENT DELIVERY STREAM 1026 RECEIED THIRD PROGRAM CONTENT
P

OPERATE A RECORDING DEVICE UNDER
CONTROL OF SAID USER DEVICETO
RECORD SAID FIRST AND SECOND

PROGRAM CONTENT ON A DIGITAL FIGURE 10

STORAGE DEVICE
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1100

CONTENT PR

OVIDER NODE

CONTENT REQUEST PROCESSING
MODULE, E.G., MESSAGE
PROCESSING MODULE 1102

PREVIOUS ASSIGNMENT
DETERMINATION MODULE

L 1104 /

ASSIGNMENT
COMMUNICATION MOD

L1106
ULE

1108

CONTENT TO CONTE

ASSIGNMENT MODULE

NT DELIVERY STREAM
/1 110

UNASSIGNED CONTEN

T ASSIGNMENT MODULE

! 15 STREAM ASSIGNMENT SUBMODULE I/HZG

| MTH STREAM ASSIGNMENT SUBMODULE |- 1128

ASSIGNED CONTENT

ASSIGNMENT MODULE

| 15 STREAM ASSIGNM

ENT SUBMODULE |~ 1130

[ W™ STREAM ASSIGNMENT SUBMODULE |~ 1132

N\
| CAPACITY EVALUATION MODULE }—1113 1112

— MULTIPLEXING CONTROL MODULE | 1114

MULTIPLEXER 1116

INFORMATION

L1118

| GENERATING MODULE

—{ oaMmoDuLATOR 1120

|, 1101

1103

1105
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START METHOD OF OPERATING A 1202
SYSTEM USED FOR RECORDING AND
PLAYBACK OF PROGRAMS

Y

1200

INFORMATION

v

RECEIVE PROGRAM TO QAM CHANNEL MAPPING | 1204

INCLUDE IN A DISPLAY LIST OF AVAILABLE PROGRAMS, A FIRST
GROUP INDICATOR INDICATING A GROUP OF PROGRAMS AVAILABLE
FOR SIMULTANEOUS RECORDING, SAID FIRST GROUP OF
PROGRAMS CORRESPONDING TO A FIRST QAM COMMUNICATIONS
CHANNEL

1206

v

INCLUDE IN SAID DiSPLAY LIST OF AVAILABLE PROGRAMS, A
SECOND GROUP INDICATOR INDICATING A GROUP OF PROGRAMS
AVAILABLE FOR SIMULTANEOUS RECORDING, SAID SECOND GROUP
OF PROGRAMS CORRESPONDING TO A SECOND QAM
COMMUNICATIONS CHANNEL

1208

v

INCLUDE IN SAID DISPLAY LIST OF AVAILABLE PROGRAMS, A THIRD
GROUP INDICATOR INDICATING A GROUP OF PROGRAMS AVAILABLE
FOR SIMULTANEOUS RECORDING, SAID THIRD GROUP OF
PROGRAMS CORRESPONDING TO A THIRD QAM COMMUNICATIONS
CHANNEL

1210

v

v

PROGRAMS DURING A FIRST PERIOD OF TIME

v

REQUESTED TO BE RECORDED CORRESPOND

DISPLAY SAID DISPLAY LIST OF AVAILABLE PROGRAMS 1212

RECEIVE A PLURALITY OF REQUESTS TORECORD | _-1214

DETERMINE THE QAM CHANNELS TO WHICH THE PROGRAMS | _-1216

1218 FIGURE 12A
FIGURE 12B
FIGURE 12A FIGURE 12
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1218

1222
-

MAKE AT LEAST ONE RECODING DECISION BASED ON THE QAM CHANNELS TO WHICH THE
PROGRAMS SELECTED TO BE RECORDED CORRESPOND

_/1224
| [INDICATE THAT APROGRAM! | DISPLAY AN UPDATED LIST OF 1

: RECORD
PROGRAMS

I CORRESPONDING | |
| TOANUMBEROF,!

| DIFFERENT QAM
1 COMMUNICATION

|
CHANNELS, SAID | | ALREADY BEEN SELECTED l

' NUMBER OF
DIFFERENT QAM

FCOMMUNmAﬂONS|i

| CHANNELS BEING

f LESS THAN OR
EQUAL TO THE

| FIXED NUMBER OF
QAM TUNERS

!

|
!
I

1226

| CANNOT BE RECORDED
WHEN SAID PROGRAM
CORRESPONDS TO A QAM
COMMUNICATIONS

PROGRAM HAS NOT

| TO BE RECORDED AND THE
NUMBER OF QAM

COMMUNICATIONS

l CHANNELS FROM WHICH
PROGRAMS TO BE

RECORDED ALREADY

MATCHES THE FIXED

I

s | ‘ CHANNEL FROM WHICH A |

| AVAILABLE PROGRAMS WHEN THE
NUMBER OF DIFFERENT QAM |
| CHANNELS ON WHICH PROGRAMS ARE |
| TO BE RECORDED SIMULTANEQUSLY [
DURING A PERIOD OF TIME MATCHES
| THE FIXED NUMBER OF QAM TUNERS, I
| SAID UPDATED LIST OF AVAILABLE |
PROGRAMS INDICATING THAT ONLY |
| PROGRAMS CORRESPONDING TO THE |
THE DIFFERENT QAM CHANNELS ON i
WHICH PROGRAMS HAVE ALREADY
| BEEN SELECTED FOR SIMULTANEOUS i
| RECORDING ARE AVAILABLE FOR
| RECORDING DURING THE PERIOD OF

| TIME

!
|
_____ P
|
|
!

! I INDICATE ON SAID UPDATED LIST|
’ |  OF AVAILABLE PROGRAMS, I
| PROGRAMS WHICH HAVE BEEN |
] SELECTED FOR RECORDING

FIGURE 12B
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START METHOD OF OPERATING A 1302
SYSTEM USED FOR RECORDING AND
PLAYBACK OF PROGRAMS

!

RECEIVE PROGRAM TO QAM CHANNEL MAPPING 1304
INFORMATION

Y

1300 )

INCLUDE IN A FIRST DISPLAY LIST OF AVAILABLE PROGRAMS
CORRESPONDING TO A FIRST TIME PERIOD, AN INDICATOR USED TO
INDICATE A GROUP OF PROGRAMS AVAILABLE FOR SIMULTANEOUS |~ 1306

RECORDING

v

DISPLAY SAID FIRST LIST OF AVAILABLE PROGRAMS
CORRESPONDING TO A FIRST PERIOD OF TIME

Y

RECEIVE AT LEAST ONE REQUEST TO RECORD A

PROGRAM, E.G., A REQUEST TO RECORD A SECOND

PROGRAM, DURING SAID FIRST PERIOD OF TIME, SAID |—1310

REQUEST CORRESPONDING TC A SECOND QAM
CHANNEL

v

DETERMINE THE QAM CHANNEL(S) TO WHICH SAID AT LEAST
ONE REQUEST CORRESPONDS

y

RECEIVE A REQUEST TO RECORD A FIRST PROGRAM | _~1314
DURING SAID FIRST PERIOD OF TIME

1308

1312

v
DETERMINE THE QAM CHANNEL TO WHICH SAID FIRST | —1316
PROGRAM CORRESPONDS
1318

FIGURE 13A
FIGURE 13A
FIGURE 13B
FIGURE 13
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1318

1320
Z

DISPLAY AN UPDATED LIST OF AVAILABLE PROGRAMS CORRESPONDING TO SAID FIRST PERIOD OF
TIME, SAID UPDATED LIST INDICATING FEWER PROGRAMS AVAILABLE FOR SIMULTANEOUS
RECORDING THAN SAID FIRST LIST

DOES
SAID FIRST PROGRAM
CORRESPOND TO A DIFFERENT
QAM CHANNEL THAN A QAM
CHANNEL CORRESPONDING TO
SAID AT LEAST ONE
REQUEST?

1322

1324

FIRST PROGRAM REQUEST
THE FIRST REQUEST TO USE
THE LAST OF THE QAM TUNERS
IN THE FIXED NUMBER OF QAM
TUNERS WHICH HAS NOT
ALREADY BEEN ASSIGNED FCOR
USE IN RECEIVING A PROGRAM
DURING SAID FIRST PERIOD OF

INDICATE iN SAID UPDATED LIST OF
AVAILABLE PROGRAMS THAT PROGRAMS
WHICH CORRESPOND TO THE FIRST QAM

CHANNEL ARE AVAILABLE FOR
RECORDING BUT THAT AT LEAST ONE 1326

PROGRAM CORRESPONDING TOAT

LEAST ONE OTHER QAM CHANNEL IS NOT
AVAILABLE FOR RECORDING DURING
SAID FIRST PERIOD OF TIME

FIGURE 13B
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1420

1424 1426 1428 1430 1432
START < < < < - '\
RECEIVE DETERMINE TUNE STB'S DISPLAY RECEVE DETERMINE 1434 1418
o REQUESTTO | | QAM CHANNEL QAMRCVR 1 UPDATED |—p| REQUESTTO .| QAM CHANNEL | -
DISPLAY / RECORD For  pa| ToFREQBAND || T LigT RECORD FOR PROGRAM
CisT PROGRAM 2 PROGRAM 2 1; STB QAM PROGRAM 4 s
RCVR 2 3 1436
TRANSPORT STREAM A AVALABLE PROGRAM1 A , .
PROGRAM 1A CONVEYING PROGRAMS | 1406 TUNE STB'SRCVR 270
PROGRAM 2 A 1,2,5,17,20 PROGRAMS 8 FREQBAND 3 STB'S
PROGRAM3 B | | USING QAM SYMBOLS IN PROGRAM4_ C RCVR 1 REMAINS TUNED
PROGRAM G FREQUENCY BAND 1 PROGRAMS A TOFREQBAND 1
PROGRAM5 A PROCRAMS B 1438
T PROGRAM7 C 14 1440
PROGRA TRANSPORT STREAM B PROGRAME B I
PROGRAM7 C CONVEYING PROGRAMS | 1408 SROGRATS T DISPLAY RECENVE
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