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(57) Abstract: A method for sending data to a client to provide data-on-demand services, for example in a Cable Television System
(120), comprises the steps of: receiving a data file, specifying a time interval, parsing the data file into a plurality of data blocks
based on the time interval such that each data block is displayable during a time interval, determining a required number of time slots
to send the data file, allocating to each time slot at least a first of the plurality of data blocks and optionally one or more additional
data blocks, such that starting from any of the time slots, (i) the data file can be displayed by accessing the first of the plurality of
data blocks, (ii) at a conservative time slot, a next block sequential to a prior displayed data block is available for displaying, and
(iii) repeating step (ii) until all of the plurality of data blocks for the data file has been displayed, and sending the plurality of data
blocks based on the allocationg step.
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SYSTEMS AND METHODS FOR PROVIDING VIDEO-ON-DEMAND
SERVICES FOR BROADCASTING SYSTEMS

BRIEF DESCRIPTION OF THE INVENTION
This invention relates generally to data-on-demand systems. In particular, this

invention relates to video-on-demand systems.

BACKGROUND OF THE INVENTION

Video-on-demand (VOD) systems are one type of data-on-demand (DOD)
systems. In VOD systems, video data files are provided by a server or a network of
servers to one or more clients on a demand basis.

In a conventional VOD architecture, a server or a network of servers
communicates with clients in a standard hierarchical client-server model. For
example, a client sends a request to a server for a data file (e.g., a video data file). In
response to the client request, the server sends the requested data file to the client. In
the standard client-server model, a client’s request for a data file can be fulfilled by
one or more servers. The client may have the capability to store any received data file
locally in non-volatile memory for later use. The standard client-server model requires
a two-way communications infrastructure. Currently, two-way communications
require building new infrastructure because existing cables can only provide one-way
communications. Example of two-way communications infrastructure are hybrid fiber
optics coaxial cables (HFC) or all fiber infrastructure. Replacing existing cables is

very costly and the resulting services may not be affordable by most users.
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In addition, the standard client-server model has many limitations when a
service provider (e.g., a cable company) attempts to provide VOD services to a large
number of clients. One limitation of the standard client-server model is that the
service provider has to implement a mechanism to continuously listen and fulfill every
request from each client within the network; thus, the number of clients who can
receive service is dependent on the capacity of such a mechanism. One mechanism
uses massively-parallel computers having large and fast disk arrays as local servers.
However, even the fastest existing local server can only deliver video data streams to
about 1000 to 2000 clients at one time. Thus, in order to service more clients, the
number of local servers must increase. Increasing local servers requires more upper
level servers to maintain control of the local servers.

Another limitation of the standard client-server model is that each client
requires its own bandwidth. Thus, the total required bandwidth is directly proportional
to the number of subscribing clients. Cache memory within local servers has been
used to improve bandwidth limitation but using cache memory does not solve the
problem because cache memory is also limited.

Presently, in order to make video-on-demand services more affordable for
clients, existing service providers are increasing the ratio of clients per local server
above the local server’s capabilities. Typically, a local server, which is capable of
providing service to 1000 clients, is actually committed to service 10,000 clients. This
technique may work if most of the subscribing clients do not order videos at the same
time. However, this technique is set up for failure because most clients are likely to
want to view videos at the same time (i.e., evenings and weekends), thus, causing the
local server to become overloaded. )

Thus, it is desirable to provide a system that is capable of providing on-demand
services to a large number of clients over virtually any transmission medium without

replacing existing infrastructure.

SUMMARY OF THE INVENTION
In an exemplary embodiment, at a server side, a method for sending data to a
client to provide data-on-demand services comprises the steps of: receiving a data file,

specifying a time interval, parsing the data file into a plurality of data blocks based on
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the time interval such that each data block is displayable during the time interval,
determining a required number of time slots to send the data file, allocating to each
time slot at least a first of the plurality of data blocks and optionally one or more
additional data blocks, such that the plurality of data blocks is available in sequential
order to a client accessing the data file during any time slot, and sending the plurality
of data blocks based on the allocating step. In one embodiment, the parsing step
includes the steps of: determining an estimated data block size, determining a cluster
size of a memory in a channel server, and parsing the data file based on the estimated
data block size and the cluster size. In another embodiment, the determining step
includes the step of assessing resource allocation and bandwidth availability.

In an exemplary embodiment, at a client side, a method for processing data
received from a server to provide data-on-demand services comprises the steps of: (a)
receiving a selection of a data file during a first time slot; (b) receiving at least one
data block of the data file during a second time slot; (¢) during a next time slot:
receiving any data block not already received, sequentially displaying a data block of
the data file, and repeating step (c) until all data blocks of the data file has been
received and displayed. In one embodiment, the method for processing data received
from a server is performed by a set-top box at the client side.

In an exemplary embodiment, a data file is divided into a number of data
blocks and a scheduling matrix is generated based on the number of data blocks. At
the server side, the scheduling matrix provides a send order for sending the data
blocks, such that a client can access the data blocks in sequential order at a random
time. In an exemplary embodiment, a method for generating a scheduling matrix for a
data file comprises the steps of: (a) receiving a number of data blocks [x] for a data
file; (b) setting a first variable [j] to zero; (c) setting a second variable [i] to zero; (d)
clearing all entries in a reference array; () writing at least one data block stored in
matrix positions of a column [(i+j) modulo x] in a matrix to a reference array, if the
reference array does not already contain the data block; (f) writing a data block [i] into
the reference array and a matrix position [(i+j) modulo x, j] of the matrix, if the
reference array does not contain the data block [i]; (g) incrementing the second
variable [i] by one and repeating step (e) until the second variable [i] is equal to the

number of data blocks [x]; and (h) incrementing the first variable [j] by one and
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repeating the step (c) until the first variable [j] is equal to the number of data blocks
[x]. In one embodiment, a scheduling matrix is generated for each data file in a set of
data files and a convolution method is applied to generate a delivery matrix based on
the scheduling matrices for sending the set of data files.

A data-on-demand system comprises a first set of channel servers, a central
controlling server for controlling the first set of channel servers, a first set of up-
converters coupled to the first set of channel servers, a combiner/amplifier coupled to
the first set of up-converters, and a combiner/amplifier adapted to transmit data via a
transmission medium. In an exemplary embodiment, the data-on-demand system
further comprises a channel monitoring module for monitoring the system, a switch
matrix, a second set of channel servers, and a second set of up-converters. The
channel monitoring module is configured to report to the central controlling server
when system failure occurs. The central controlling server, in response to report from
the channel monitoring module, instructs the switch matrix to replace a defective
channel server in the first set of channel servers with a channel server in the second set
of channel servers and a defective up-converter in the first set of up-converters with an
up-converter in the second set of up-converters.

A method for providing data-on-demand services comprises the steps of
calculating a delivery matrix of a data file, sending the data file in accordance with the
delivery matrix, such that a large number of clients is capable of viewing the data file

on demand. In one embodiment, the data file includes a video file.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A illustrates an exemplary DOD system in accordance with an
embodiment of the invention.

FIGURE 1B illustrates an exemplary DOD system in accordance with another
embodiment of the invention.

FIGURE 2 illustrates an exemplary channel server in accordance with an
embodiment of the invention.

FIGURE 3 illustrates an exemplary set-top box in accordance with an

embodiment of the invention.
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FIGURE 4 illustrates an exemplary process for generating a scheduling matrix

in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1A illustrates an exemplary DOD system 100 in accordance with an
embodiment of the invention. In this embodiment, the DOD system 100 provides
data files, such as video files, on demand. However, the DOD system 100 is not
limited to providing video files on demand but is also capable of providing other data
files, for example, game files on demand. The DOD system 100 includes a central
controlling server 102, a central storage 103, a plurality of channel servers 104a-104n,
a plurality of up-converters 106a-106n , and a combiner/amplifier 108. The central
controlling server 102 controls the channel servers 104. The central storage 103 stores
data files in digital format. In an exemplary embodiment, data files stored in the
central storage 103 is accessible via a standard network interface (e.g., ethernet
connection) by any authorized computer, such as the central controlling server 102,
connected to the network. Each channel server 104 is assigned to a channel and is
coupled to an up-converter 106. The channel servers 104 provide data files that are
retrieved from the central storage 103 in accordance with instructions from the central
controlling server 102. The output of each channel server 104 is a quadrature
amplitude modulation (QAM) modulated intermediate frequency (IF) signal having a
suitable frequency for the corresponding up-converter 106. The QAM-modulated IF
signals are dependent upon adopted standards. The current adopted standard in the
United States is the data-over-cable-systems-interface-specification (DOCSIS)
standard, which requires an approximately 43.75MHz IF frequency. The up-
converters 106 convert IF signals received from the channel servers 104 to radio
frequency signals (RF signals). The RF signals, which include frequency and
bandwidth, are dependent on a desired channel and adopted standards. For example,
under the current standard in the United States for a cable television channel 80, the
RF signal has a frequency of approximately 559.25MHz and a bandwidth of
approximately 6MHz. The outputs of the up-converters 106 are applied to the

combiner/amplifier 108. The combiner/amplifier 108 amplifies, conditions, and
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combines the received RF signals then outputs the signals out to a transmission
medium 110.

In an exemplary embodiment, the central controlling server 102 includes a
graphics user interface (not shown) to enable a service provider to schedule data
delivery by a drag-and-drop operation. Further, the central controlling server 102
authenticates and controls the channel servers 104 to start or stop according to delivery
matrices. In an exemplary embodiment, the central controlling server 102
automatically selects a channel and calculates delivery matrices for transmitting data
files in the selected channel. The central controlling server 102 provides offline
addition, deletion, and update of data file information (e.g., duration, category, rating,
and/or brief description). Further, the central controlling server 102 controls the
central storage 103 by updating data files and databases stored therein.

In an exemplary embodiment, an existing cable television system 120 may
continue to feed signals into the combiner/amplifier 108 to provide non-DOD services
to clients. Thus, the DOD system 100 in accordance with the invention does not
disrupt present cable television services.

Figure 1B illustrates another exemplary embodiment of the DOD system 100
in accordance with the invention. In addition to the elements illustrated in Figure 1A,
the DOD system 100 includes a switch matrix 112, a channel monitoring module 114,
a set of back-up channel servers 116a-116b, and a set of back-up up-converters 118a-
118b. In one embodiment, the switch matrix 112 is physically located between the up-
converters 106 and the combiner/amplifier 108. The switch matrix 112 is controlled
by the central controlling server 102. The channel monitoring module 114 comprises a
plurality of configured set-top boxes, which simulate potential clients, for monitoring
the health of the DOD system 100. Monitoring results are communicated by the
channel monitoring module 114 to the central controlling server 102. In case of a
channel failure (i.e., a channel server failure, an up-converter failure, or a
communication link failure), the central controlling server 102 through the switch
matrix 112 disengages the malfunctioning component and engages a healthy backup
component 116 and/or 118 to resume service.

In an exemplary embodiment, data files being broadcasted from the DOD
system 100 are contained in motion pictures expert group (MPEG) files. Each MPEG
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file is dynami;:ally divided into data blocks and sub-blocks mapping to a particular
portion of a data file along a time axis. These data blocks and sub-blocks are sent
during a pre-determined time in accordance with three-dimensional delivery matrices
provided by the central controlling server 102. A feedback channel is not necessary
for the DOD system 100 to provide DOD services. However, if a feedback channel is
available, the feedback channel can be used for other purpose, such as billing or
providing Internet services.

Figure 2 illustrates an exemplary channel server 104 in accordance with an
embodiment of the invention. The channel server 104 comprises a server controller
202, a CPU 204, a QAM modulator 206, a local memory 208, and a network interface
210. The server controller 202 controls the overall operation of the channel server 104
by instructing the CPU 204 to divide data files into blocks (further into sub-blocks and
data packets), select data blocks fortransmission in accordance with a delivery matrix
provided by the central controlling server 102, encode selected data, compress encoded
data, then deliver compressed data to the QAM modulator 206. The QAM modulator
206 receives data to be transmitted via a bus (i.e., PCI, CPU local bus) or Ethernet
connections. In an exemplary embodiment, the QAM modulator 206 may include a
downstream QAM modulator, an upstream quadrature amplitude modulation
/quadrature phase shift keying (QAM/QPSK) burst demodulator with forward error
correction decoder, and/or an upstream tuner. The output of the QAM modulator 206
is an IF signal that can be applied directly to an up-converter 106.

The network interface 210 connects the channel server 104 to other channel
servers 104 and to the central controlling server 102 to execute the scheduling and
controlling instructions from the central controlling server 102, reporting status back
to the central controlling server 102, and receiving data files from the cental storage
103. Any data file retrieved from the central storage 103 can be stored in the local
memory 208 of the channel server 104 before the data file is processed in accordance
with instructions from the server controller 202. In an exemplary embodiment, the
channel server 104 may send one or more DOD data streams depending on the
bandwidth of a cable channel (e.g., 6, 6.5, or 8MHz), QAM modulation (e.g., QAM 64
or QAM 256), and a compression standard/bit rate of the DOD data stream (i.e.,
MPEG-1 or MPEG-2).
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Figure 3 illustrates an exemplary set-top box (STB) 300 in accordance with an
embodiment of the invention. The STB 300 comprises a QAM demodulator 302, a
CPU 304, a conditional access module 306 (e.g., a smart card system), a local memory
308, a buffer memory 309, a STB controller 310, a decoder 312, and a graphics
overlay module 314. The STB controller 310 controls the overall operation of the
STB 300 by controlling the CPU 302 and the QAM demodulator 302 to select data in
response to a client’s request, decode selected data, decompress decoded data, re-
assemble decoded data, store decoded data in the local memory 308 or the buffer
memory 309, and deliver stored data to the decoder 312. In an exemplary
embodiment, the STB controller 310 controls the overall operation of the STB 300
based on data packet headers in the data packets received from the transmission
medium 110. In an exemplary embodiment, the local memory 308 comprises non-
volatile memory (e.g., a hard drive) and the buffer memory 309 comprises volatile
memory. )

In one embodiment, the QAM demodulator 302 comprises transmitter and
receiver modules and one or more of the following: privacy encryption/decryption
module, forward error correction decoder/encoder, tuner control, downstream and
upstream processor, CPU and memory interface circuits. The QAM demodulator 302
receives modulated IF signals, samples and demodulates the signals to restore data.

The conditional access module 306 permits a decoding process when access is
granted after authentication and/or when appropriate fees have been charged. Access
condition is determined by the service provider.

In an exemplary embodiment, when access is granted, the decoder 312 decodes
at least one data block to transform the data block into images displayable on an output
screen. The decoder 312 supports commands from a subscribing client, such as play,
stop, pause, step, rewind, forward, etc.

The graphics overlay module 314 enhances displayed graphics quality by, for
example, providing alpha blending or picture-in-picture capabilities. In an exemplary
embodiment, the graphics overlay module 314 can be used for graphics acceleration
during game playing mode, for example, when the service provider provides games-

on-demand services using the system in accordance with the invention.
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In an exemplary embodiment, although data files are broadcasted to all cable
television subscribers, only the DOD subscriber who has a compatible STB 300 will
be able to decode and enjoy data-on-demand services. In one exemplary embodiment,
permission to obtain data files on demand can be obtained via a smart card system in
the conditional access control module 306. A smart card may be rechargeable at a
local store or vending machine set up by a service provider. In another exemplary
embodiment, a flat fee system provides a subscriber an unlimited access to all
available data files.

In an exemplary embodiment, data-on-demand interactive features permit a
client to select at any time an available data file. The amount of time between when a
client presses a select button and the time the selected data file begins playing is
referred to as a response time. As more resources are allocated (e.g., bandwidth,
server capability) to provide DOD services, the response time gets shorter. In an
exemplary embodiment, a response time can be determined based on an evaluation of
resource allocation and desired quality of service.

In an exemplary embodiment, a selected response time determines the duration
of a time slot. The duration of a time slot (TS) is the time interval for playing a data
block at normal speed by a client. In an exemplary embodiment, a data file, such as a -
video file, is divided into a number of data blocks such that each data block can
support the playing of the data file for the duration of a time slot.

In one embodiment, the number of data blocks (NUM_OF BLKS) for each

data file can be calculated as follows:

Estimated BLK_Size = (DataFile_Size * TS) / DataFile Length )
BLK SIZE = (Estimated BLK Size + CLUSTER_SIZE - 1Byte) / CLUSTER _SIZE ®
BLK SIZE BYTES =BLK_SIZE * CLUSTER_SIZE ®3)
NUM_OF_BLKS =(DataFile_Size + BLK_SIZE BYTES - 1Byte) / BLK_SIZE_BYTES @

In equations (1) to (4), the Estimated BLK_Size is an estimated block size (in
Bytes); the DataFile_Size is the data file size (in Bytes); TS represents the duration of a
time slot (in seconds); DataFile_Length is the duration of the data file (in seconds); BLK
SIZE is the number of clusters needed for each data block; CLUSTER _SIZE is the size of

a cluster in the local memory 208 for each channel server 104 (e.g., 64KBytes);
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BLK_SIZE BYTES is a block size in Bytes. In this embodiment, the number of blocks
(NUM_OF_BLKS) is equal to the data file size (in Bytes) plus a>data block size in Bytes
minus 1 Byte and divided by a data block size in Bytes. Equations (1) to (4) illustrate
one specific embodiment. A person of skill in the art would recognize that other
methods are available to calculate a number of data blocks for a data file. For
example, dividing a data file into a number of data blocks is primarily a function of an
estimated block size and the cluster size of the local memory 208 of a channel server
104. Thus, the invention should not be limited to the specific embodiment presented
above.

Figure 4 illustrates an exemplary process for generating a scheduling matrix
for sending a data file in accordance with an embodiment of the invention. In an
exemplary embodiment, this invention uses time division multiplexing (TDM) and
frequency division multiplexing (FDM) technology to compress and schedule data
delivery at the server side. In an exemplary embodiment, a scheduling matrix is
generated for each data file. In one embodiment, each data file is divided into a
number of data blocks and the scheduling matrix is generated based on the number of
data blocks. Typically, a scheduling matrix provides a send order for sending data
blocks of a data file from a server to clients, such that the data blocks are accessible in
sequential order by any client who wishes to access the data file at a random time.

At step 402, a number of data blocks (x) for a data file is received. A first
variable, j, is set to zero (step 404). A reference array is cleared (step 406). The
reference array keeps track of data blocks for internal management purposes. Next, j
is compared to x (step 408). Ifj is less than x, a second variable, i, is set to zero (step
412). Next, iis compared to x (step 414). Ifi is less than x, data blocks stored in the
column [(i+j) modulo (x)] of a scheduling matrix are written into the reference array
(step 418). If the reference array already has such data block(s), do not write a
duplicate copy. Initially, since the scheduling matrix does not yet have entries, this
step can be skipped. Next, the reference array is checked if it contains data block i
(step 420). Initially, since all entries in the reference array has been cleared at step
406, there would be nothing in the reference array. If the reference array does not
contain data block i, data block i is added into the scheduling matrix at matrix position

[(i+)) modulo (x), j] and the reference array (step 422). After the data block i is added

10
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to the scheduling matrix and the reference array, i is incremented by 1, such thati=1i+

1 (step 424), then the process repeats at step 414 until i = x. If the reference array

contains data block 1, 1 is incremented by 1, such that i =1+ 1 (step 424), then the

process repeats at step 414 until i =x. When i =x, j is incremented by 1, such that j =

j T 1 (step 416) and the process repeats at step 406 until j = x. The entire process ends

when j = x (step 410).

In an exemplary embodiment, if a data file is divided into six data blocks (x =

6), the scheduling matrix and the reference arrays are as follows:

Scheduling Matrix (SM)
TS0 TS1 TS2 TS3 TS4 TS5
[0,0]blk0 |[1,0]blkl |[2,071blk2 |[3,0]blk3 |[[4,0]blk4 [[5,0]blk5
[0, 1] [1,1]blk 0 | [2,1] [3,1] {4, 1] [5, 0]
[0,2] [1,2] [2,2] blkO | [3,2]blkl |[4,2] [5,1]
[0, 3] [1,3] [2, 3] [3,3]blk0 |4, 3] [5, 2] blk2
{0, 4] [1,4]blk3 |[2,4] {3, 4] [4, 4] bIkO | [5, 3] blkl
[0, 5] [1,5] [2, 5] [3,5]blk4 | [4,5] [5, 4] blk0
Reference Array (RA)
space( spacel space 2 space3 space4 space5
TS0 blk0 blk1 blk2 blk3 blk4 blk5
TS1 blk1 blk0 blk2 blk3 blk4 blk5
TS2 blk2 blk0 blk3 blk1 blk4 blk5
TS3 blk3 blk1 blk0 blk4 blk5 blk2
TS4 blk4 blk0 blk5 blk2 blk1 blk3
TS5 blk5 blk2 blk1 blk0 blk3 blk4

Appendix A attached to this application describes a step-by-step process of the

exemplary process illustrated in Figure 4 to generate the above scheduling matrix and

reference arrays. In this exemplary embodiment, based on the scheduling matrix

above, the six data blocks of the data file are sent in the following sequence:

11
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TS0 =>blk0

TS1 =>DblkO, blkl, blk3

TS2  =>blk0, blk2

TS3  =>blk0, blkl, blk3, blk4
TS4  =>Dblk0, blk4

TS5 =>blk0, blkl, blk2, blk5

In another exemplary embodiment, a look-ahead process can be used to
calculate a look-ahead scheduling matrix to send a predetermined number of data
blocks of a data file prior to a predicted access time. For example, if a predetermined
look-ahead time is the duration of one time slot, for any time slot greater than or equal
to time slot number four, data block 4 (blk4) of a data file should be received by a STB
300 at a subscribing client at or before TS3, but blk4 would not be played until TS4.
The process steps for generating a look-ahead scheduling matrix is substantially
similar to the process steps described above for Figure 4 except that the look-ahead
scheduling matrix in this embodiment schedules an earlier sending sequence based on
a look-ahead time. Assuming a data file is divided into six data blocks, an exemplary
sending sequence based on a look-ahead scheduling matrix, having a look-ahead time
of the duration of two time slots, can be represented as follows:

TSO =>blk0

TS1  =>blk0, blkl, blk3, blk4

TS2 =>blk0, blk2

TS3  =>blk0, blk1, blk3, blk4, blk5
TS4 =>blkO, blk5

TS5 =>blk0, blkl, blk2

A three-dimensional delivery matrix for sending a set of data files is generated
based on the scheduling matrices for each data file of the set of data files. In the three-
dimensional delivery matrix, a third dimension containing IDs for each data file in the
set of data files is generated. The three-dimensional delivery matrix is calculated to
efficiently utilize available bandwidth in each channel to deliver multiple data streams.

In an exemplary embodiment, a convolution method, which is well known in the art, is

12
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used to generate a three-dimensional delivery matrix to schedule an efficient delivery

of a set of data files. For example, a convolution method may include the following

policies: (1) the total number of data blocks sent in the duration of any time slot (TS)

should be kept at a smallest possible number; and (2) if multiple partial solutions are

available with respect to policy (1), the preferred solution is the one which has a

smallest sum of data blocks by adding the data blocks to be sent during the duration of

any reference time slot, data blocks to be sent during the duration of a previous time

slot (with respect to the reference time slot), and data blocks to be sent during the

duration of a next time slot (with respect to the reference time slot). For example,

assuming an exemplary system sending two short data files, M and N, where each data

file is divided into six data blocks, the sending sequence based on a scheduling matrix

is as follows:

TS0
TS1
TS2
TS3
TS4
TS5

=> blk0

=>blk0, blk1, blk3

=> blk0, blk2

=>blkO0, blk1, blk3, blk4
=> blkO0, blk4

=>blk0, blk1, blk2, blk5

Applying the exemplary convolution method as described above, possible

combinations of delivery matrices are as follows:

Option 1: Send video file N at shift 0 TS Total Data Blocks
TS0 =>M0, NO 2

TS1 =>MO0, M1, M3, NO, N1, N3 6

TS2 =>M0, M2, NO, N2 4

TS3 =>M0, M1, M3, M4, N0, N1, N3, N4 8

TS4 =>M0, M4, N0, N4 4

TS5 =>MO0, M1, M2, M5, N0, N1, N2, N5

8

Option 2: Send video file N at shift 1 TS Total Data Blocks
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TS0 =>MO0, NO, N1, N3
TS1 =>M0, M1, M3, NO, N2
TS2 =>M0, M2, NO, N1, N3, N4
TS3 =>M0, M1, M3, M4, N0, N4
TS4 =>M0, M4, NO, N1, N2, N5
TS5 =>M0, M1, M2, M5, NO

m N & & wn P

Option 3: Send video file N at shift 2 TS Total Data Blocks

TSO => M0, N0, N2 3

TS1 => MO0, M1, M3, N0, N1, N3, N4

TS2 => MO0, M2, N0, N4 4

TS3 =>MO0, M1, M3, M4, N0, N1, N2, N5 8
TS4 => M0, M4, NO 3

TS5 =>MO0, M1, M2, M5, N0, N1, N3 7

Option 4: Send video file N at shift 3 TS Total Data Blocks

TSO => MO0, N0, N1, N3, N4
TS1 =>MO0, M1, M3, N0, N4
TS2 =>MO0, M2, N0, N1, N2, N5
TS3 =>MO0, M1, M3, M4, N0
TS4 => MO0, M4, N0, N1, N3
TS5 =>MO0, M1, M2, M5, N0, N2

[= N IRV, BN N Y

Option 5: Send video file N at shift 4 TS Total Data Blocks

TSO =>MO0, N0, N4

TS1 =>MO0, M1, M3, N0, N1, N2, N5

TS2 =>MO0, M2, NO

TS3 =>MO0, M1, M3, M4, N0, N1, N3

TS4 => MO0, M4, N0, N2

TS5 =>MO0, M1, M2, M5, N0, N1, N3, N4

e B N W\ W

Option 6: Send video file N at shift 5 TS Total Data Blocks

TSO => MO0, N0, N1, N2, N5 5
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TS1 =>MO0, M1, M3, NO 4
TS2 => MO0, M2, N0, N1, N3 5
TS3 =>MO0, M1, M3, M4, NO, N2 6
TS4 =>MO0, M4, NO, N1, N3, N4 6
TS5 => MO0, M1, M2, M5, N0, N4 6

Applying policy (1), options 2, 4, and 6 have the smallest maximum number of
data blocks (i.e., 6 data blocks) sent during any time slot. Applying policy (2), the
optimal delivery matrix in this exemplary embodiment is option 4 because option 4
has the smallest sum of data blocks of any reference time slot plus data blocks of
neighboring time slots (i.e., 16 data blocks). Thus, optimally for this embodiment, the
sending sequence of the data file N should be shifted by three time slots. In an
exemplary embodiment, a three-dimensional delivery matrix is generated for each
channel server 104.

When data blocks for each data file are sent in accordance with a delivery
matrix, a large number of subscribing clients can access the data file at a random time
and the appropriate data blocks of the data file will be timely available to each
subscribing client. In the example provided above, assume the duration of a time slot
is equal to 5 seconds, the DOD system 100 sends data blocks for data files M and N in
accordance with the optimal delivery matrix (i.e., shift delivery sequence of data file N

by three time slots) in the following manner:

Time 00:00:00=> MO0 NO N1 N3 N4
Time 00:00:05=>M0 M1 M3 NO N4
Time 00:00:10=>M0 M2N0 N1 N2 N5
Time 00:00:15=>M0 Ml M3 M4 NO
Time 00:00:20=>M0 M4 NO N1 N3
Time 00:00:25=>M0 Ml M2 MS NO N2
Time 00:00:30=>M0 NONI1 N3 N4
Time 00:00:35=>M0 Ml M3 NO N4
Time 00:00:40=>M0 M2 NO N1 N2 N5
Time 00:00:45=>M0 M1 M3 M4 NO
Time 00:00:50=> MO0 M4 NO N1 N3
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Time 00:00:55=>M0 M1 M2 M5 NO N2

10

If at time 00:00:00 a client A selects movie M, the STB 300 at client A

receives, stores, plays, and rejects data blocks as follows:

Time 00:00:00
Time 00:00:05
Time 00:00:10
Time 00:00:15
Time 00:00:20
Time 00:00:25

=> Receive M0

=> Receive Ml, M3

=> Receive M2

=> Receive M4

=> Receive none

=> Receive M5

=> play M0, store MO.

=> play M1, store M0, M1, M3.

=> play M2, store M0, M1, M2 M3.

=> play M3, store M0, Ml, M2, M3, M4.

=> play M4, store M0, M1, M2, M3, M4.

=> play M3, store M0, Ml, M2, M3, M4, M5.

If at time 00:00:10, a client B selects movie M, the STB 300 at client B
receives, stores, plays, and rejects data blocks as follows:
Time 00:00:10 =>Rcv MO0, M2 => play MO, store M0, M2.
Time 00:00:15 =>Rev M1, M3, M4 => play M1, store M0, M1, M2, M3, M4.
Time 00:00:20 => Rcv none => play M2, store M0, M1, M2, M3, M4.
Time 00:00:25 =>Rcv M5 => play M3, store MO, M1, M2, M3, M4, M5.
Time 00:00:30 => Rcv none => play M4, store M0, Ml, M2, M3, M4, M5.
Time 00:00:35=> Rcv none => play M5, store M0, Ml, M2, M3, M4, M5.

If at time 00:00:15, a client C selects movie N, the STB 300 of the client C
receives, stores, plays, and rejects data blocks as follows:
Time 00:00:15 =>Rcv NO
Time 00:00:20 => Rcv N1 N3
Time 00:00:25 =>Rcv N2
Time 00:00:30 => Rcv N4
Time 00:00:35 =>Rcv none
Time 00:00:40 =>Rcv N5

=> play NO, store NO.

=> play N1, store NO, N1, N3.

=> play N2, store NO, N1, N2, N3.

=> play N3, store NO, N1, N2, N3, N4.

=> play N4, store NO, N1, N2, N3, N4.

=> play N5, store NO, N1, N2, N3, N4, N5.

If at time 00:00:30, a client D also selects movie N, the STB 300 at the client

D receives, stores, plays, and rejects data blocks as follows:
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Time 00:00:30 =>Rcv NO, N1, N3, N4 => play NO, store N0, N1, N3, N4.

Time 00:00:35 =>Rcv none => play N1, store NO, N1, N3, N4.

Time 00:00:40 =>Rcv N2, N5 => play N2, store NO, N1, N2, N3, N4, N5.
Time 00:00:45 =>Rcv none => play N3, store NO, N1, N2, N3, N4, N5.
Time 00:00:50 => Rcv none => play N4, store NO, N1, N2, N3, N4, N5.
Time 00:00:55 =>Rcv none => play N5, store NO, N1, N2, N3, N4, N5.

As shown in the above examples, any combination of clients can at a random
time independently select and begin playing any data file provided by the service

provider.

GENERAL OPERATION

A service provider can schedule to send a number of data files (e.g., video
files) to channel servers 104 prior to broadcasting. The central controlling server 102
calculates and sends to the channel servers 104 three-dimensional delivery matrices
(ID, time slot, and data block send order). During broadcasting, channel servers 104
consult the three-dimensional delivery matrices to send appropriate data blocks in an
appropriate order. Each data file is divided into data blocks so that a large number of
subscribing clients can separately begin viewing a data file continuously and
sequentially at a random time. The size of a data block of a data file is dependent on
the duration of a selected time slot and the bit rate of the data stream of the data file.
For example, in a constant bit rate MPEG data stream, each data block has a fixed
size of: Block Size (MBytes) = BitRate (Mb/s) x TS (sec) /8 (1).

In an exemplary embodiment, a data block size is adjusted to a next higher
multiple of a memory cluster size in the local memory 208 of a channel server 104.
For example, if a calculated data block length is 720Kbytes according to equation (1)
above, then the resulting data block length should be 768Kbytes if the cluster size of
the local memory 208 is 64Kbytes. In this embodiment, data blocks should be further
divided into multiples of sub-blocks each having the same size as the cluster size. In
this example, the data block has twelve sub-blocks of 64KBytes.

A sub-block can be further broken down into data packets. Each data packet
contains a packet header and packet data. The packet data length depends on the

17



10

15

20

25

30

WO 01/93060 PCT/US00/22989

maximum transfer unit (MTU) of a physical layer where each channel server’s CPU
sends data to. In the preferred embodiment, the total size of the packet header and
packet data should be less than the MTU. However, for maximum efficiency, the
packet data length should be as long as possible.

In an exemplary embodiment, data in a packet header contains information that
permits the subscriber client’s STB 300 to decode any received data and determine if
the data packet belongs to a selected data file (e.g., protocol signature, version, ID, or
packet type information). The packet header may also contain other information, such
as block/sub-block/packet number, packet length, cyclic redundancy check (CRC) and
offset in a sub-block, and/or encoding information.

Once received by a channel server 104, data packets are sent to the QAM
modulator 206 where another header is added to the data packet to generate a QAM-
modulated IF output signal. The maximum bit rate output for the QAM modulator
206 is dependent on available bandwidth. For example, for a QAM modulator 206
with 6MHz bandwidth, the maximum bit rate is 5.05 (bit/symbol) x 6 (MHz) = 30.3
Mbit/sec.

The QAM-modulated IF signals are sent to the up-converters 106 to be
converted to RF signals suitable for a specific channel (e.g., for CATV channel 80,
559.250MHz and 6MHz bandwidth). For example, if a cable network has high
bandwidth (or bit rate), each channel can be used to provide more than one data
stream, with each data stream occupying a virtual sub-channel. For example, three
MPEG] data streams can fit into a 6MHz channel using QAM modulation. The
output of the up-converters 106 is applied to the combiner/amplifier 108, which sends
the combined signal to the transmission medium 110.

In an exemplary embodiment, the total system bandwidth (BW) for
transmitting “N” data streams is BW =N x bw, where bw is the required bandwidth
per data stream. For example, three MPEG-1 data streams can be transmitted at the
same time by a DOCSIS cable channel having a system bandwidth of 30.3 Mbits/sec
because each MPEG-1 data stream occupies 9 Mbits/sec of the system bandwidth.

Typically, bandwidth is consumed regardless of the number of subscribing
clients actually accessing the DOD service. Thus, even if no subscribing client is

using the DOD service, bandwidth is still consumed to ensure the on-demand
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capability of the system.

The STB 300, once turned on, continuously receives and updates a program
guide stored in the local memory 308 of a STB 300. In an exemplary embodiment, the
STB 300 displays data file information including the latest program guide on a TV
screen. Data file information, such as video file information, may include movielD,
movie title, description (in multiple languages), category (e.g., action, children), rating
(e.g., R, PG13), cable company policy (e.g., price, length of free preview), subscription
period, movie poster, and movie preview. ‘In an exemplary embodiment, data file
information is sent via a reserved physical channel, such as a channel reserved for
firmware update, commercials, and/or emergency information. In another exemplary
embodiment, information is sent in a physical channel shared by other data streams.

A subscribing client can view a list of available data files arranged by
categories displayed on a television screen. When the client selects one of the
available data files, the STB 300.controls its hardware to tune into a corresponding
physical channel and/or a virtual sub-channel to start receiving data packets for that
data file. The STB 300 examines every data packet header, decodes data in the data
packets, and determines if a received data packet should be retained. If the STB 300
determines that a data packet should not be retained, the data packet is discarded.
Otherwise, the packet data is saved in the local memory 308 for later retrieval or is
temporarily stored in the buffer memory 309 until it is sent to the decoder 312.

To improve performance efficiency by avoiding frequent read/write into the
local memory 308, in an exemplary embodiment, the STB 300 uses a “sliding
window” anticipation technique to lock anticipated data blocks in the memory buffer
309 whenever possible. Data blocks are transferred to the decoder 312 directly out of
the memory buffer 309 if a hit in an anticipation window occurs. If an anticipation
miss occurs, data blocks are read from the local memory 308 into the memory buffer
309 before the data blocks are transferred to the decoder 312 from the memory buffer
309.

In an exemplary embodiment, the STB 300 responds to subscribing client’s
commands via infrared (IR) remote control unit buttons, an IR keyboard, or front panel
pushbuttons, including buttons to pause, play in slow motion, rewind, zoom and single

step. In an exemplary embodiment, if a subscribing client does not input any action
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for a predetermined period of time (e.g., scrolling program menu, or selecting a
category or movie), a scheduled commercial is played automatically. The scheduled
commercial is automatically stopped when the subscribing client provides an action
(e.g., press a button in a remote control unit). In another exemplary embodiment, the
STB 300 can automatically insert commercials while a video is being played. The
service provider (e.g., a cable company) can set up a pricing policy that dictates how
frequently commercials should interrupt the video being played.

If an emergency information bit is found in a data packet header, the STB 300
pauses any data receiving operation and controls its hardware to tune into the channel
reserved for receiving data file information to obtain and decode any emergency
information to be displayed on an output screen. In an exemplary embodiment, when
the STB 300 is idled, it is tuned to the channel reserved for receiving data file
information and is always ready to receive and display any emergency information
without delay.

The foregoing examples illustrate certain exemplary embodiments of the
invention from which other embodiments, variations, and modifications will be
apparent to those skilled in the art. The invention should therefore not be limited to
the particular embodiments discussed above, but rather is defined by the following

claims.
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APPENDIX A

SYSTEMS AND METHODS FOR PROVIDING VIDEO-ON-DEMAND SERVICES
FOR BROADCASTING SYSTEMS

The following is a step-by-step desdription of the exemplary process illustrated in Figure 4
for generating a scheduling matrix for a data file having six data blocks:

START

(Step 402) Receive a number of data blocks for a data file (x); assume the number of data
blocks is equal to 6 (x = 6).

(Step 404) Setj=0

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to x.

(Step 412) j is less than x (0<6), leti= 0

(Step 414) Compare i to X.

(Step 418) i is less than x (0<6). Read matrix positions of column [0] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain anything because it is empty. Write blk0 into position [0, 0]
in SM and the RA.

(Step 424) Add 1 to 1 (i=1) to derive value for position [1, 0]. Go back to Step 414.

(Step 414) Compare 1 to x.

(Step 418) 1 is less than x (1<6). Read matrix positions of column [1] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk1?

(Step 422) RA does not contain blk1l. Write bik1 into position [1, 0] in SM and the RA.
(Step 424) Add 1 to i (i=2) to derive value for position [2, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [2] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk2?

(Step 422) RA does not contain blk2. Write blk2 into position [2, 0] in SM and the RA.
(Step 424) Add 1 to i (i=3) to derive value for position [3, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (3<6). Read matrix positions of column [3] in the SM and write to
RA,; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk3?

(Step 422) RA does not contain blk3. Write blk3 into position [3, 0] in SM and the RA.
(Step 424) Add 1 to i (i=4) to derive value for position [4, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (4<6). Read matrix positions of column [4] of the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk4?

(Step 422) RA does not contain blk4. Write blk4 into position [4, 0] in SM and the RA.
(Step 424) Add 1 to i (i=5) to derive value for position [5, 0]. Go back to Step 414.

(Step 414) Compare i to x.
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(Step 418) 1 is less than x (5<6). Read matrix positions of column [5] of the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk5?

(Step 422) RA does not contain blk5. Write blk5 into position [5, 0]in SM and the RA.
(Step 424) Add 1 to i (i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) 1 is equal to x (6=6). Increment j by 1 (7=1). Go to Step 406.

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to x.

(Step 412) j is less than x (1<6), let i = 0.

(Step 414) Compare i to x.

(Step 418) i is less than x (0<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk 1; thus, blk 1 is written into RA. All other positions are
empty.

(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain blk0. Write blk0 into position [1, 1] in the SM and the RA.
RA now has bik1 and blk 0.

(Step 424) Add 1 to i (i=1)to derive value for position [2, 1]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (1<6). Read matrix positions of column [2] in the SM and write to
RA. Position [2, 0] contains blk 2. All other positions are empty. RA now has blk1, blk 0,
and blk 2.

(Step 420) Does RA contain data block i or blk1?

(Step 424) RA contains blkl. Thus, nothing is written into position [2, 1]. Add 1 toi (i=2) to
derive value for position [3, 1]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (2<6). Read matrix positions in column [3] of the SM and write to
RA. Position [3, 0] contains blk3. All other positions are empty. RA now has blk1, blk0,
blk2, and bik3.

(Step 420) Does RA contain data block i or blk2?

(Step 424) RA does contain blk2. Thus, nothing is written into position [3, 1]. Add 1 toi
(1=3) to derive value for position [4, 1]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (3<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4. All other positions are empty. RA now has blk1, bik0,
blk2, blk3, and blk4.

(Step 420) Does RA contain data block i or blk3?

(Step 424) RA does contain blk3. Thus, nothing is written into position [4, 1]. Add1toi
(i=4) to derive value for position [5, 1]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (4<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk1, blk0,
blk2, blk3, blk4, and blk5.

(Step 420) Does RA contain data block i or blk4?

(Step 424) RA does contain blk4. Thus, nothing is written into position [5, 1]. Add 1toi
(i=5) to derive value for position [0, 1]. Go back to Step 414.
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(Step 414) Compare i to x.

(Step 418) 1 is less than x (5<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contains bik0;
thus, blkO0 is discarded.

(Step 420) Does RA contain data block i or blk5?

(Step 424) RA does contain blkS. Thus, nothing is written into position [0, 1]. Add 1toi
(i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) 1 is equal to x (6=6). Increment j by 1 (j=2). Go to Step 406.

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to X.

(Step 412) j is less than x (2<6), leti = 0.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (0<6). Read matrix positions of column [2] in the SM and write to
RA. Position [2, 0] contains blk 2. All other positions are empty. RA now has blk2.

(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain blk0. Write blkO into position [2, 2] in the SM and the RA.
RA now has blk2 and blk 0.

(Step 424) Add 1 to i (i=1) to derive value for position [3, 2]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (1<6). Read matrix positions of column [3] in the SM and write to
RA. Position [3, 0] contains blk3. All other positions are empty. RA now has blk2, blk 0,
and blk 3.

(Step 420) Does RA contain data block i or blk1?

(Step 422) RA not contain blkl. Write blk1 into position [3, 2] in the SM and the RA. RA
now has blk2, blk0, blk3, and blk1.

(Step 424) Add 1 to i (i=2) to derive value for position [4, 2]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4. All other positions are empty. RA now has blk2, blk0,
blk3, blk1, and blk4.

(Step 420) Does RA contain data block i or blk2?

(Step 424) RA does contain blk2. Thus, nothing is written into position [4, 2]. Add 1 to i
(1=3)to derive value for position [5, 2]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (3<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk2, blk0,
blk3, blk1, blk4, and blkS5.

(Step 420) Does RA contain data block i or blk3?

(Step 424) RA does contain blk3. Thus, nothing is written into position [5, 2]. Add 1 to i
(i=4) to derive value for position [0, 2]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (4<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contain blkO0;
thus, blk0 is discarded.

(Step 420) Does RA contain data block i or blk4?
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(Step 424) RA does contain blk4. Thus, nothing is written into position [0, 2]. Add 1toi
(i=5) to derive value for position [1, 2]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (5<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1 and position [1, 1] contains blk0. RA already contains blk1
and blkO; thus, blk1 and blk0 are discarded. All other positions are empty.

(Step 420) Does RA contain data block i or blk5?

(Step 424) RA does contain blk5. Thus, nothing is written into position [1,2]. Add 1toi
(i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) i is equal to x (6=6). Increment j by 1 (7=3). Go to Step 406.

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to x.

(Step 412) j is less than x (3<6), let i = 0.

(Step 414) Compare i to x.

(Step 418) i is less than x (0<6). Read matrix positions of column [3] in the SM and write to
RA. Position [3, 0] contains blk3 and position [3, 2] contains blk1. Blk3 and blk1 are
written into RA. All other positions are empty.

(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain blk0. Write blk0 into position [3, 3] in the SM and the RA.
RA now has blk3, blk1, and blkO0.

(Step 424) Add 1 to i (i=1) to derive value for position [4, 3]. Go back to Step 414.

(Step 414) Compare i to X.

(Step 418) 1is less than x (1<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk 4. All other positions are empty. RA now has blk3, blk 1,
blk 0 and blk 4.

(Step 420) Does RA contain data block i or blk1?

(Step 424) RA contains blk1. Thus, nothing is written into position [4, 3]. Add 1 to i (i=2) to
derive value for position [5, 3]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk3, blk1,
blk0, blk4, and blkS5.

(Step 420) Does RA contain data block i or blk2?

(Step 422) RA does not contain blk2. Write blk2 into position [3, 3] in the SM and the RA.
RA now has blk3, blk1, blk0, bik4, blk5, and blk2.

(Step 424) Add 1 to i (i=3) to derive value for position [0, 3]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (3<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contains blk0;
thus, discard blkO.

(Step 420) Does RA contain data block i or blk3?

(Step 424) RA does contain blk3. Thus, nothing is written into position [0, 3]. Add 1toi
(i=4) to derive value for position [1, 3]. Go back to Step 414.

(Step 414) Compare i to x.
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(Step 418) i is less than x (4<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1 and position [1, 1] contains blk0. All other positions are
empty. RA already contains blk 1 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk4?

(Step 424) RA does contain blk4. Thus, nothing is written into position [1, 3]. Add 1toi
(i=5) to derive value for position [2, 3]. Go back to Step 414.

(Step 414) Compare 1 to x.

(Step 418) i is less than x (5<6). Read matrix positions of column [2] in the SM and write to
RA. Position [2, 0] contains blk2 and position [2, 2] contains blk 0. All other positions are
empty. RA already contains blk2 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk5?

(Step 424) RA does contain blk5. Thus, nothing is written into position [2, 3]. Add 1toi
(i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) 1 is equal to x (6=6). Increment j by 1 (j=4). Go to Step 406.

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to x.

(Step 412) j is less than x (4<6), let i = 0.

(Step 414) Compare i to x.

(Step 418) i is less than x (0<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4. Blk4 is written into RA. All other positions are empty.
(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain blk0. Write blk0 into position [4, 4] in the SM and the RA.
RA now has blk4 and blk0.

(Step 424) Add 1 to i (i=1) to derive value for position [5, 4]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (1<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5 and position [5, 3] contains blk2. All other pos1t10ns are
empty. RA now has blk4, blkO0, blk 5, and blk2.

(Step 420) Does RA contain data block i or blk1?

(Step 422) RA does not contain blkl. Write blk1 into position [5, 4] of the SM and the RA.
RA now has blk4, blk0, blk5, blk2, and blk1.

(Step 424) Add 1 to i (i=2) to derive value for position [0, 4]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contains blk0;
thus, do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk2?

(Step 424) RA does contain blk2. Add 1 to i (i=3) to derive value for position [1, 4]. Go
back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (3<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1 and position [1, 1] contains blk0. All other positions are
empty. RA already contains blk1 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk3?

26



WO 01/93060 PCT/US00/22989

(Step 422) RA does not contain blk3. Write blk3 into position [1, 4] of the SM and the RA.
RA now has blk4, blk0, blk5, blk2, blk1, and blk3.

(Step 424) Add 1 to i (i=4) to derive value for position [2, 4]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (4<6). Read matrix positions of column [2] in the SM and write to
RA. Position {2, 0] contains blk2 and position [2, 2] contains blk0. All other positions are
empty. RA already contains blk2 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk4?

(Step 424) RA does contain blk4. Thus, nothing is written into position [2, 4]. Add 1toi
(1=5) to derive value for position [3, 4]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (5<6). Read matrix positions of column [3] in the SM and write to
RA. Position [3, 0] contains blk3, position [3, 2] contains blk1, and position [3, 3] contains
blk0. All other positions are empty. RA already contains blk3, blk1, and blk0; do not write a
duplicate copy.

(Step 420) Does RA contain data block i or blk5?

(Step 424) RA does contain blk5. Thus, nothing is written into position [3, 4]. Add 1toi
(i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) 1 is equal to x (6=6). Increment j by 1 (7=5). Go to Step 406.

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to x.

(Step 412) j is less than x (5<6), leti= 0.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (0<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5, position [5, 3] contains blk2, and position [5, 4] contains
blkl. BIKS, blk2, and blk1 are written into RA. All other positions are empty.

(Step 420) Does RA contain data block i or blk0?

(Step 422) RA does not contain blk0. Write blk0 into position [5, 5] in the SM and the RA.
RA now has blk5, blk2, blk1, and blkO.

(Step 424) Add 1 to i (i=1) to derive value for position [0, 5]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) iis less than x (1<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0 and all other positions are empty. RA now has blk5, blk2,
blk1, and bikO.

(Step 420) Does RA contain data block i or blk1?

(Step 424) RA does contain blkl. Add 1 to i (i=2) to derive value for position [1, 5]. Go
back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1, position [1, 1] contains blk0, and position [1, 4] contains
blk3. All other positions are empty. RA already contains blk0 and blk1; thus, do not write a
duplicate copy. Write blk3 into RA. RA now has blk5, blk2, blk2, blk1, blk0, and blk3.
(Step 420) Does RA contain data block 1 or blk2?
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(Step 424) RA does contain blk2. Add 1 to i (i=3) to derive value for position [2, 5]. Go
back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (3<6). Read matrix positions of column [2] in the SM and write to
RA. Position [2, 0] contains blk2 and position [2, 2] contains blk0. All other positions are
empty. RA already contains blk2 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk3?

(Step 424) RA does contain blk3. Add 1 to i (i=4) to derive value for position [3, 5]. Go
back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (4<6). Read matrix positions column [3] in the SM and write to
RA. Position [3, 0] contains blk3, position [3, 2] contains blk1, position [3, 3] contains blk0.
All other positions are empty. RA already contains blk3, blk1, and blk0; do not write a
duplicate copy.

(Step 420) Does RA contain data block i or blk4?

(Step 422) RA does not contain blk4. Write blk4 into position [3, 5] of the SM and the RA.
The RA now has blkS5, blk2, blk1, blk0, blk3, and blk4.

(Step 424) Add 1 to i (i=5) to derive value for position [4, 5]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (5<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4 and position [4, 4] contains blk0. All other positions are
empty. RA already contains blk4 and blk0; do not write a duplicate copy.

(Step 420) Does RA contain data block i or blk5?

(Step 424) RA does contain blk5. Thus, nothing is written into position [3, 4].

(Step 424) Add 1 to i (i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) i is equal to x (6=6). Increment j by 1 (j=5). Go to Step 406.

(Step 406) Clear a Reference Array (RA)
(Step 408) Compare j to X.
(Step 410) j is equal to x (6=6); END.
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WHAT IS CLAIMED 18S:

1. A method for sending data to a client to provide data-on-demand services,

comprising the steps of:

(a) receiving a data file;

(b) specifying a time interval;

(c) parsing said data file into a plurality of data blocks based on said time
interval such that each data block is displayable during said time
interval;

(d) determining a required number of time slots to send said data file,
wherein each of said time slot has a duration substantially equal to
said time interval;

(e) allocating to each time slot at least:

(1) afirst of said plurality of data blocks; and

(2) optionally one or more additional data blocks, such that said
plurality of data blocks is available in sequential order to a
client accessing said data file during any time slot; and

@ sending said plurality of data blocks based on said allocating step (e).

2. The method of claim 1, wherein said parsing step includes the steps of:

¢ determining an estimated data block size;

) determining a cluster size of a memory in a channel server; and

3) parsing said data file based on said estimated data block size and said
cluster size.

3. The method of claim 1, wherein said determining step includes the step of

assessing resource allocation and bandwidth availability.

4. A method for processing data received from a server to provide data-on-

demand services, comprising the steps of:

(a)
(b)

receiving a selection of a data file during a first time slot;

receiving at least one data block of said data file during a second time
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slot; and
(©) during a next time slot:
(1) receiving any data block not already received;
(2) sequentially displaying a data block of said data file; and
(3) repeating step (c) until all data blocks of said data file has been
received and displayed.
5. A method for generating a scheduling matrix for a data file, said scheduling

matrix provides a send order for sending data blocks of a data file, such that said data

blocks are available in sequential order to a client receiving said data blocks, said

method comprising the steps of:

(@)
(b)
©
(d)
©

®

e

(b)

receiving a number of data blocks [x] for a data file;

setting a first variable [j] to zero;

setting a second variable [i] to zero;

clearing all entries in a reference array;

writing at least one data block stored in matrix positions of a column
[(i+j) modulo x] in a matrix to a reference array, if said reference
array does not already contain said data block;

writing a data block [i] into said reference array and a matrix position
[(i+)) modulo x, j] of said matrix, if said reference array does not
contain said data block [i];

incrementing said second variable [i] by one and repeating step (e)
until said second variable [i] is equal to said number of data blocks
[x]; and

incrementing said first variable [j] by one and repeating said step (c)

until said first variable [j] is equal to said number of data blocks [x].

6. The method of claim 5, further comprising the steps of:

®

@

repeating said steps (a) to (h) to generate a set of scheduling matrices
for a set of data files; and
applying a convolution method to generate a delivery matrix based on

said set of scheduling matrices for sending said set of data files.
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7. A data-on-demand system, comprising:

a first set of channel servers;

a central controlling server for controlling said first set of channel servers;

a first set of up-converters coupled to said first set of channel servers; and

a combiner module coupled to said first set of up-converters, said combiner
module adapting to transmit data via a transmission medium;

wherein said central controlling server is configured to divide a data file into
data blocks and calculate a delivery matrix for sending said data blocks across said
transmission medium in a scheduled manner such that said data file is accessible on

demand.

8. The data-on-demand system of claim 7, wherein said combiner module

includes a combiner and an amplifier.

9. The data-on-demand system of claim 7, wherein said channel server includes a

controller, a modulator, and a network interface.

10.  The data-on-demand system of claim 7, further comprising:

a channel monitoring module for monitoring said system;

a switch matrix;

a second set of channel servers; and

a second set of up-converters;

wherein said channel monitoring module is configured to report system status
to said central controlling server, said central controlling server, in response to a report
from said channel monitoring module, instructing said switch matrix to replace a
channel server in said first set of channel servers with a channel server in said second
set of channel servers and replace an up-converter in said first set of up-converters

with an up-converter in said second set of up-converters.
11. A method for processing data received from a server to provide data-on-

demand services, comprising the steps of:

(a) receiving a data packet from a server;
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(b) reading header information in said data packet;

(©) organizing said data packet into a data block based at least in part on
said header information;

(@ authenticating access to said data block;

(e) decoding said data block when access is authenticated; and

® displaying said data block.

12. The method of claim 11, further comprising the steps of:

(2) terminating said receiving step when an emergency bit is detected;
(h) receiving emergency data; and
6)) displaying said emergency data.

13.  The method of claim 11, further comprising the step of tuning to an emergency

channel when no data packet is being received.

14. A method for calculating a delivery matrix, said delivery matrix provides a

send order for sending data blocks of a set of data files, said method comprising the

steps of:
(a) calculating a scheduling matrix for each data file in a set of data files
to form a set of scheduling matrices;
(b) generating an identification array containing an identification for each
of said set of data files; and
() combining said set of scheduling matrices and said identification

array to generate a delivery matrix for said set of data files.

15.  The method of claim 14, wherein said calculating step includes the step of: (i)
generating an array containing a set of time slots for each data file; and (ii) generating
an array containing at least one data block of a data file to be sent during each time

slot.

16.  The method of claim 14, wherein said combining includes the step of using a

convolution method.
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AMENDED CLAIMS

[received by the International Bureau on 15 October 2001 (15.10.01);
new claims 17-33 added; remaining claims unchanged (4 pages)]

A computer implemented on-demand data broadcast method comprising the act of
preparing a delivery matrix defining a data transmission sequence suitable for broadcast, to a
plurality of clients, on-demand data in a non client specific manner, whereby transmission of
said on-demand data files requires an amount of transmission bandwidth that is independent of

the number of said plurality of clients.

18. A computer implemented method as recited in claim 17, wherein the act of

generating a delivery matrix comprises the act of:

preparing a first scheduling matrix suitable for transmission of a first data file, said first
data file being represented by a first plurality of data blocks, said first scheduling matrix
providing a first sequence for transmitting said first plurality of data blocks sequentially within
time slots in a manner such that any client receiving transmission of said first data file according

to said first scheduling matrix may begin accessing said first data file within one time slot.

19. A computer implemented method as recited in claim 18, wherein the act of

preparing a delivery matrix further includes the acts of:

preparing a second scheduling matrix suitable for transmission of a second data file, said
second data file being represented by a second plurality of data blocks, said second scheduling
matrix providing a second sequence for transmitting said second plurality of data blocks -
sequentially within time slots in a manner such that any client receiving transmission of said
second data file according to said second scheduling matrix may begin accessing said second

data file within one time slot; and

generating said delivery matrix through a combination of said first and second scheduling

matrices.

20. A computer implemented universal data broadcast method as recited in claim 17
further comprising the act of preparing an electronic program guide (EPG) suitable for broadcast

to said plurality of clients.

21. A computer implemented mett recited in claim 17, wherein said on-demand

data includes video data. 33
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22. A computer implemented method as recited in claim 17, wherein said on-demand

data includes game data.

23. A computer implemented method for controlling a set-top-box (STB), said
method comprising the acts of:

receiving digital data including non client specific on-demand data having at least one
data file; and

processing said non client specific on-demand data in order to make ready said at least

one data file for a user of said STB.

24. A computer implemented method as recited in claim 23, further comprising the

acts of:

receiving an electronic program guide (EPG) indicating the nature of said received digital

data including said non client specific on-demand data having at least one data file;
providing said EPG data to said user of said STB; and

receiving a demand for said at least one data file from said user of said STB.

25. A computer implemented method as recited in claim 23, wherein said on-demand

data includes video data.

26. A computer implemented method as recited in claim 23, wherein said on-demand

data includes game data.

27. A computer implemented method as recited in claim 23 wherein said non client
specific on-demand data includes a plurality of data files, and said act of processing said non
client specific on-demand data includes processing said non client specific on-demand data in

order to make at least two data files available to said user.

28. A computer implemented method as recited in claim 27 wherein a first of said at

least two data files is provided real-time to said user.
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29. A computer implemented method as recited in claim 27 wherein a first of said at

least two data files is stored to a persistent memory device.

30. A computer implemented method for controlling a set-top-box (STB), said

method comprising the acts of:

receiving digital data including non client specific on-demand data having at least one
data file and an electronic program guide (EPG), said EPG indicating the nature of said received

digital data and non client specific on-demand data having at least one data file;
providing said EPG data to a user of said STB;
receiving a demand for said at least one data file from said user of said STB; and

processing said non client specific on-demand data in order to make ready said at least

one data file for said user.

31. A set-top-box (STB) capable of receiving and handling a plurality of digital

services such as VOD and digital broadcast, said universal STB comprising:
a databus;

a first communication device suitable for coupling to a digital broadcast communications

medium, said first communication device operable to receive digital broadcast data;
memory bi-directionally coupled to said databus;
a digital data decoder bi-directionally coupled to said databus; and

a central processing unit (CPU) bi-directionally coupled to said databus, said CPU
implementing a STB control process controlling said memory, said digital decoder, and said

demodulator, said STB control process executing instructions for:

processing an electronic program guide (EPG) received via said first
communication device, said EPG indicating a nature of data broadcast via a digital

broadcast server coupled to said communication device;
providing a user of said STB an indication of said broadcast data;

receiving a request for desired data received by said STB, wherein said desired data

is received in a non client specific data-on demand format as designated by said EPG;
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processing said desired data received in a non client specific data-on demand

format; and

providing said desired data to said user of said universal STB.

32. A STB as recited in claim 31, wherein said STB control process is operable to
simultaneously tune into two or more of a plurality of channels broadcast by said universal
broadcast server, and to simultaneously process data from two or more of said plurality of

channels.

33, A STB as recited in claim 31, wherein said STB control process is operable to
tune said STB to a first channel in order to select data requested by said user, determine the
nature of said selected data, decode said selected data, decompress said selected data, re-
assemble said decoded data, store said selected data to said memory, and provide said selected

data in a properly processed manner to an output device.

36
AMENDED SHEET (ARTICLE 19)



WO 01/93060

1/5

PCT/US00/22989

f1 00
Central Controlling Server |—— 102
i f1_;08
Central 103
> Storage ~
104a
— 106a
Channel Server 1 » Up-Converter 1 |F———»
104b 106b | 3 § >
| L— |~ 'S_—’h, g. Transmission
Channel Server 2 » Up-Converter2 ———» @ 2 | |Medium
= 1{110
106¢
| ,1. O4c P
Channel Server 3 q Up-Converter 3
o o
® o
® 104n hd 106n
i : |~
Channel Server n »| Up-Converter n q

-~

System

Cable Television

| 120

FIG. 1A



WO 01/93060

2/5

PCT/US00/22989

f1 00
102
Vi L 12
Central Controlling — Monitoring
Server Module
¢ ; o, f1 08
Central _— 103
> Storage
104a 106a
|_L— | L~
Channel Server 1 Up-Converter 1 >
104b 106b
| b |}~
Channel Server 2 »| Up-Converter 2 >
»
104c 106 | 2| (FE
L_ —
Channel Server 3 [T Up-Converter 3 2 5
> > = 23
) 3
o ® =2
—>
o ® 110
¢ 104n ® 106n
Han
Channel Server n »| Up-Converter n il >
116a 118a
Backup n= Backup | L~
Channel »| Up-Converter 1 —»
116b 118b
Backup Channel T Backup ||~
Server 2 Up-Converter 2 >

FIG. 1B



WO 01/93060 PCT/US00/22989
3/5

_ 104
/202 /204 I206
Server QAM
>
Controller «——> CPU <«—| Modulator To Up-
Converter
106
208 >I 210
4 A
Local Memory [———p Network >
1 Interface Central
Controling
Server
102

FIG. 2



WO 01/93060 PCT/US00/22989
4/5

_/300

302 304 306 /308
) QAM CPU Conditional Local Memory

110 Demodulator  |— éccess ————— ] Buffor
- ontrol Memory
309

f31 0 f f31 2 41 J31 4
STB Graphics
Controller Decoder e gsgrléy

FIG. 3



WO 01/93060 PCT/US00/22989
5/5
Receive a number of data | 402
blocks "x" for a data file
j=0 404
—
Clear a Reference Array | —406
416 408

. ./ No
j=i+1 —" EnD | -410

Write All Data Blocks Stored in Matrix Positions of Column
[(i+)) mod (x)] in a Matrix into the Reference Array ; Do Not
Write If the Reference Array Already Contains the Data Block

Does RA Contain
Data Block i ?

424

—— i=i+1

Add Data Block i into the Matrix at

[(i+j))mod(x), j] and the Reference Array

Matrix Postion

FIG. 4



INTERNATJIONAL SEARCH REPORT Inteenational application No,
PCT/US00/22989

A.  CLASSIFICATION OF SUBJECT MATTER
TPC(7) :GOGF 15/16
US CL :709/203, 219, 231, 232, 234
According to Inicrnatjonal Patent Classification (IPC) or to both nstienal classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.s. : 709/203, 219, 231, 232, 234

Documentation searched other than minimvm docuoentation to the extent that such documenss are inchuded in the fields scarched

Electronic data base consulted during the inlernational search (name of data base and, where practicable, search terms used)
STN, stream, video, pacse, time interval, array, matrix and scheduler

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of documest, with indication, where appropriats, of the relevant passages Relevart to clsim No,
Y US 5, 915, 094 A (KOULOHERIS et al.) 22 June 1999, col. 7, 1. | 1-16
3746, col. 12, 1. 31-55, col. 13, 1. 1-6, col. 15, 1. 24-36
Y US 6,028,847 A (BEANLAND) 22 February 2000, abstract 1-16
A US 5,751,709 A (RATHNAVELU) 12 May 1998, abstract 1-16
A US 5,805,804 A (LAURSEN) et al.) 08 September 1998, absteact | 1-16
A US 6,005,599 A (ASAI et al.) 21 Decerber 1999, abstract 1-16
A US 6,011,798 A (MCALPINE) 04 January 2000, abstract 1-16

E Further docements are Jisted in the contimation of Box C. D See patent family annex.

Speoial calegories of eiled docnments: T Iater document published after the intsrmatianal Fling date ar priority
‘At document defming the gencrsl siate of the art which is not considerad g.':‘ P‘ﬁ':-:;i:ﬁ :‘r mﬂ;ﬂ;ﬂl?;: ':::ls::&:l el to umdersend
1o be vf particular relevapae
. N " . . X document of particular relevance; the olaimed invanti t be
E sarfier docomeat published on of afer the intsmational filing dats e T e o tovaln o dennat b .
‘L document which may dwow doubb on pricrity tlaim(s) ar which s when the document is taken alone
vited o establith the publication doce of another citation or other . L T
spocis] reaton (an specified) v x of pa rolovance; the elaimed invention cannot be
considered lo involve an invealive stp when the dacument js
‘o document referting to a0 orel disclosure, use, axhibition or other combined with one of more other such docum snes, suoh combination
mewnd being obvious to & person skilled in the wrl
N d L publi prios W e mnal filing dats but lcer than g .
the QMIW daw olsinad & domument member of the sams patent family
Date of the actual completion of the international search Date of mailing of the intcrnational scarch report
01 MAY 2001 15 AUG 2001
I 1
Nume agd mailing addross of the ISA/US Authorized officor (-) oo
gmprgrs.ioner of Patents and Trademacks Qoo’o({”\
X
Washington D.C. 20231 ROBERT HARRELL
Facsimile No.  (703) 305-3230 Telephope No.  (703) 305-9692

Form PCT/ISA/210 (second shoct) (July 1998) x



INTERNATIONAL SEARCH REPORT International applicstion No.

PCT/US00/22989

C (Coptimiation). DOCUMENTS CONSIDERED TO BE RELEVANT

e

Category* |  Citation of document, with indication, where appropriate, of the relevant passages Relevaxt to claim No.
A US 6,012,080 A (OZDEN et al.) 04 January 2000, abstract 1-16
A E US 6,198,723 B1 A, (PARRUCK et al.) 06 March 2001, abstract 1-16

Porm PCT/ISA/210 (conrinuation of second sheet) (Faly 1998) =




INTERNATIONAL SEARCH REPORT Imernations] application No.
PCT/US00/22989

Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This irternational report has not been established in respect of certain claims wnder Article 17(2)(a) for the following reasons:

1. Claims Nos.:
D because they relate to subject murter not required to be searched by this Authoriry, namely:

2. Claims Nos.:
D because they relate to parts of the international spplication that do not comply with the prescribed requirements to such
an extent that no meaningful internstional search can be carried out, specifically:

3. Claims Nos.:
D becanse they are dependent claims wnd arc not drafied in accordance with the second and third seniences of Rule 6.4(a).

Box II Observations where unity of invention is lacking (Continuation of item 2 of first shect)

This Inicrnational Searching Authority found oyultiple inventions in this international application, as follows:

Please See Extra Sheer.

1. @ As all required additional search fees were timely paid by the applicant, this international scarch report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Avthority did not invite payment
of any additional fee,

3. [C] As only some of the roquired additional seach fees were timely paid by the applicant, this insernatiomal scarch report covers
only those claims for which fees were pald, specifically claims Nos.:

4, |:| No required sdditional scarch fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; i is covered by claims Nos.:

Remark on Protest D The additional scarch fees were accompanied by the gpplicant’s protest.
D No protest accompanied the payment of additional search fecs.
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BOX 1. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as follows:

This applicution contains claims directed to morc than one species of the generic invention. Thesc species are deemed
to lack Unity of Invention bocause they are not $o linked as to form a single inventive concept uader PCT Rule 13.1.

In order for more than one speciey to be scarched, the appropriste additional search fecs must be paid. The specics are
as follows:

Fig 1A;
Fig 3: and
Fig 4.
The claims sre desmed Lo correspond to the species listed above in the following manper:
Fig 3 - claims 1-¢ & claims 11-13,
" Fig 4 - claims 5-6 & claims 14-16; and
Fig 1A - claims 7-10

The following claims are generie: NONE
The species listed above do not ré¢late (o a single inventive concept under PCT Rulc 13.1 because, under PCT Rule
13.2, the species lack the same or corresponding special technical features for the following reasons:

Claims 1-4 & clsims 11-13 correspond to selecting data in response to a clicnt's request by specifying a time interval
and required number of time slots.

Claims 5-6 & claims 14-16 correspond to generating a scheduling matrix for sending a data file.

Claims 7-10 correspond to structure of data-on-demand system.

The specles listed above do not relate to a single inventive concept upder PCT Rule 13.1 because, under PCT Rule
13.2, the species Jack the same ar corresponding special technical features for the following ressons: .
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Box III TEXT OF THE ABSTRACT (Continuation of item § of the first sheet)

A method for sending data to a client to provide data-on-demand services, for
example in a Cable Television System (120), comprises the steps of: receiving a
data file, specifying a time interval, parsing the data file into a plurality of data
blocks based on the time interval such that each data block is displayable during a
time interval, determining a required number of time slots to send the data file,
allocating to each time slot at least a first of the plurality of data blocks and
optionally one or more additional data blocks, such that starting from any of the
time slots, (i) the data file can be displayed by accessing the first of the plurality of
data blocks, (ii) at a conservative time slot, a next block sequential to a prior
displayed data block is available for displaying, and (iii) repeating step (ii) until all
of the plurality of data blocks for the data file has been displayed, and sending the
plurality of data blocks based on the allocating step.
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