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SYSTEM FOR DIGITAL TIME SHIFTING
AND METHOD THEREOF

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The present invention relates generally to time shifting of
video data, and more specifically to time shifting of digital
video data.

BACKGROUND OF THE INVENTION

Systems for time shifting a viewed program are known 1n
the industry. For example, 1f a viewer 1s iterrupted by a
phone call during a television program, the program can be
recorded for a few minutes and then played back from the
point of interruption while addition video information 1s
continually recorded. One prior art method of accomplishing
time shifting 1s to capture the rendered video signal. When
the rendered signal i1s an analog signal it 1s digitized and
stored. When the rendered signal 1s a digital signal 1t can be
captured directly. Once captured, the rendered digital data
can be stored directly. A digital signal stored directly can
require a large amount of storage space, even when only a
tew minutes of video are captured. The digital signal can be
compressed to reduce the amount of storage space required.
However, compressing a video signal requires additional
processing power, resulting 1in additional costs.

As the use of digital video data becomes increasingly
common, a method and apparatus for time shifting a digital
program that 1s more eflicient than those known 1n art would
be advantageous. One known method to provide digital
video data 1s to provide the data using a specific protocol that
has the ability to transmit the digital video data in a
compressed format. An example of one such format 1is
known as MPEG-2, and has been approved by the Interna-
tional Orgamization for Standards (ISO) Moving Pictures
Experts Group (MPEG group). MPEG-2 1s a versatile com-
munication standard that gives theoretical explanations
needed to implement an MPEG-2 decoder through the
syntax and semantics of coded bit-streams. MPEG-2 1s an
open standard and continues to evolve and be applied to a
wide variety of applications ranging from video conferenc-
ing to High Definition Television (HDTV). The MPEG-2
standard, as a generic and open standard, 1s intended for
variety ol audio/video coding applications.

One method of transporting large amounts of various
types of transport stream data 1s to use a multiplexed
packetized data stream capable of carrying real-time multi-
media programs. One example of a multiplexed packetized
data stream 1s described 1n the standard ISO/IEC 13818-1
and will be referred to as a transport stream. Transport
streams generally offer robustness for noisy channels and
can carry multiple programs (like multiple TV services)
within the same multiplex. The transport stream 1s based on
188 byte long packets that are well suited for hardware error
correction and processing schemes needed 1 noisy envi-
ronments, such as coaxial cable television networks and
satellite transponders. Such a transport stream facilitates fast
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2

program access, channel hopping and synchronization
between multiple programs within the transport stream.

A transport stream consists of fixed length packets based

on 4 bytes of header followed by 184 bytes of data payload,
where data payload 1s obtained by partitioning larger data
blocks. For example, an elementary stream (ES) 1s a set of
data generally consisting of compressed data from a single
source, such as a video or audio source, with some additional
ancillary data for identification, characterization and syn-
chronization. ES streams are first packetized into either
constant length or vanable length Packetized Elementary
Stream packets (PES packets) consisting of header and
payload. Each PES packet header starts with start code
(0x000001) followed with the stream 1d byte identilying
type of ES underneath.
PES packets from various elementary streams are merged
together to form a program (service) with 1ts own system
time clock (STC). All ES component streams within one
program are synchronized have periodic PTS stamps corre-
sponding to the STC counter to indicate the proper timing,
for each ES.

The relatively long and most often varnable length PES
packets are further packetized into shorter TS packets hav-
ing a constant size of 188 bytes. A small and constant TS
packet size makes error recovery easier and faster. Usually,
the transport stream carries several programs, each with its
own STC. Each TS packet consists of a TS Packet header
with optional Adaptation Field followed by useful data
payload containing portion of a PES packet. The TS header
consists ol a sync byte, flags, indicators information for error
detection and timing and Packet 1D (PID) field used to
identily elementary stream carried underneath of a PES
packet. In addition to identilying specific elementary
streams, one PID 1s used to identily a program specific
Information (PSI) table data.

Each TS PSI table 1s sent in sections, usually occupying
one or more TS packets. Four types of PSI tables exist: 1)
Program Association Table (PAT) listing unique program_
number (as an i1dentifier of each program in one multiplex)
and PID of the PMT table; 2) Program Map Table (PMT)
listing PIDs of all component streams making a given
program. PMT may be constructed for each program sepa-

rately or be common for a group of programs; 3) Conditional
Access Table (CAT) i1dentitying PID of Entitlement Man-
agement Messages and ID of used conditional access system
if any scrambling of TS or PES packets 1s done; 4) Private
Table carrying Network Information Table (NIT) or private
data.

The Hierarchical structure which exists between ES
streams, PES and TP packets 1s illustrated 1n prior art FIGS.
1-4.

A method and apparatus for eflicient time shifting of
multiplexed packetized data streams, such as a packet
stream, would be advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 illustrate various information associated with
an MPEG transport stream of the prior art.

FIG. 5 1llustrates in graphical form a time line indicating,
various modes of operation 1n accordance with the present
invention;

FIG. 6 illustrates 1 block diagram form a specific
embodiment of a system having to digital transport stream
receivers 1n accordance with the present invention.
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FIG. 7 illustrates in flowchart form a specific embodiment
of a clock rvecovery algorithm.

DETAILED DESCRIPTION OF THE DRAWINGS

A specific method and apparatus 1s disclosed describing a
time shifting techmique. In one embodiment, the disclosed
time shifting techmique can be based upon a hardware
transport stream demultiplexer that interfaces to a transport
stream. The hardware demultiplexer application assists 1n
the extraction and parsing of a multiplexed packetized data
stream, such as a MPEG-2 Transport Stream (TS) multiplex.
One such hardware demultiplexer 1s disclosed i1n patent
application Ser. No. 09/489,682, which 1s hereby 1ncorpo-
rated herein by reference. The disclosed hardware transport
core 1s used to filter component streams 1nto 15 memory ring
butlers, one allocated 1n the frame memory for the dedicated
MPEG-2 video decoder and others 1n the system memory for
the dedicated software parser. It can demultiplex the most
frequent transport packets of video stream into an Elemen-
tary Stream (ES) by monitoring the first packet 1dentifier
(PID) of each TS packet. This flexible filter can be set to
extract private data from the adaptation field (AF) or from
the PES packet header. Thirty-one other PIDs can be simply
filtered and routed to a common (Joint) or individual
memory buflers for subsequent software processing on the
host processor. The basic 1dea of a time shifting 1s shown 1n
FIG. §.

FIG. 5 illustrates three functions performed by a time
shifting system. A first function 1s to recerve a live broadcast
stream 510. According to the graph of FIG. 5, the live
broadcast stream 1s continuously received during the time
represented 1 FIG. 3.

A second function of a time shifting system 1s to record a
specific program after a user activates the time shifting
teature. Vector 520 of FIG. 5 indicates when a specific
program 1s being recorded by the time shifting system.

A third function of the time shifting system 1s to display
the specific program. Vector 530 of FIG. 5 indicates when a
specific program 1s being played back. Specifically, vector
portion 531 represents the time where the program 1s being,
displayed directly from the live broadcast stream. Vector
portion 532 represents the time that the user i1s unable to
view the program, 1.e. the user 1s away from the television.
Therefore, 1n one embodiment, during this time no program
1s displayed. In an alternate embodiment, the live feed can
continue to be displayed, even though the program 1s being
recorded.

Vector 533 represents the time during which the time-
shifted program, which has been stored, i1s being replayed at
a normal playback rate. Note that during this time, the live
program feed continues to be recorded for future time
shifted play back.

Vector 534 represents a time during which the time shifted
program 1s being replayed at a faster than normal replay rate.
By being able to playback at a faster than normal rate, it 1s
possible to catch-up to the live broadcast stream.

The receive-only mode of vector 31 represents where the
digital transport stream receiver (DTSR) 1s receiving a live
broadcast and demultiplexing one program of a plurality of
programs available in the live broadcast stream. This will be
referred to as Transparent Mode indicating the transport
stream 1s accessed immediately and not saved. Therefore,
from the point of view of digital storage media (DSM), the
received data 1s transparent.

Note that the PAT table 1s constantly acquired, 1n trans-
parent mode, and other modes, so that version number

10

15

20

25

30

35

40

45

50

55

60

65

4

change or PMT table PID change for a currently viewed
program can be detected. It such a change occurs during the
live broadcast of a program, PIDs will be reprogrammed for
video and splicing with be handled.

A Continuous Time Shifting Mode occurs during vectors
532-534. Continuous time shifting mode occurs when time
shifting 1s selected by the viewer to store part or all of a
program for later viewing after a short or long intermission.
During continuous time shifting mode, a selected program
from a given multiplex 1s received and stored on a hard disk,
or other storage media, 1n the form of full transport stream
packets or PES packets.

A Part-Time Time-Shifting Mode, when selected by the
viewer, allows for replay of a time shifted program or fast
torward (FF) replay of a time shifted program at user defined
FF speed. In FIG. 5 this 1s represented as vectors 533 and
534. In a specific embodiment discussed herein, this time-
shifting mode 1s the most demanding mode of the 3
described modes because: the host CPU system 1s receiving
and storing a real time event; at the same time, the host CPU
1s retrieving saved stream data from the disk; simultaneously
with first two operations, the host CPU 1is performing
transport stream de-multiplexing of video, audio, private and
PSI/SI data on a host CPU; and at the same time the host
CPU 1s restoring PCR/PTS time-base information as
described later.

For some digital television applications, time-shifting
may be considered a peak event that occurs sometimes or
occasionally. However, some users may depend on 1t all the
time, up to the end of the current program once 1t was
started. For those users, typical operating state of the system
1s time shifting, de-coupled from the live stream. Time
shifting of the digital transport stream should offer the same
quality as from the live broadcast (source stream).

Systems suitable for time-shifting need to simultaneously
receive and decode a transport stream and handle incoming
source stream (to process all PSI and SI data) and record
incoming source stream as a full entity or just its one
program. Time shifting allows the viewer to step away from
the TV momtor without missing any of the program parts.
One embodiment of time shifting includes storing all trans-
port packets received on the transport stream. Another
embodiment of time shifting that 1s more eflicient includes:
1) selecting just the transport packets of mterest (PSI, SI,
video, audio and data packets) that constitute one program
event to minimize the bit-rate of the recorded stream, to
minimize the bandwidth through the host bus mterface unit,
and to mimimize hard disk head movement (if any); 2)
increasing the amount of storage and useful life of the hard
disk; and 3) assuring that the amount of data that needs to be
processed by the host processor 1s recerved and stored as:
transport stream packets; PES packets of video, audio, data,
PSI and SI content, de-multiplexed transport; or PES pack-
ets of video and audio and bus master compressed video nto
the video bit-stream builer of the MPEG video decoding
device.

Selection of just one time shifted program reduces the
potentially high bit-rate of a transport stream multiplex to a
manageable size, suitable for storage on current 10 GB hard
disk units (two hours of 10 Mbps stream). Obviously, a large
disk drive 1s needed to allow any reasonable length of time
shifting. In time shifting mode where time shifted material
1s simultaneously received and stored, the bit-rate of the host
bus-interface unit (HBIU) needs to be double a system
where the HBIU 1s only responsible for playing a single
program stream. Generally the bandwidth needed 1s calcu-
lated to be approximately 20 Mbps mnstead 10 Mbps.
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Because closed or proprietary systems, such as set-top
boxes, usually do not share the hard disk drive with other
systems, very specialized disk drives for audio-video appli-
cations with specialized interfaces can be used. Hard drive
features that would be advantageous include: 1) Increasing
access speeds and sustained sequence transiers in two direc-
tions; 2) Having deferred re-calibration of drive heads to
prevent glitches or latencies during playback; 3) Having
head oflsets to prevent losing a revolution when going from
side to side on a platter; 4) Supporting on the fly error
correction; and 5) Having embedded multi-disk drive units
that decrease access latencies.

The operating system can play a significant role in the
eilicient use of the drive by accessing most frequent video
data i large blocks and decreasing seek time. Generally,
larger read/write blocks increase efliciency of data storage
and retrieval. Sometimes they can cause unwanted glitches
by increasing latency during access.

The first time shifting mode of operation 1s a recerve-only
mode. During receive-only mode of operation a master
digital time shifting receiver (DTSR) 610, of FIG. 6, is
programmed to receirve and parse transport stream packets
matching video and PCR PIDs. A host CPU 632 is assisting,
MPEG-2 clock recovery, and the same recovered clock data
1s supplying Master DTSR 610 and the Secondary DTSR
620. In one embodiment, the recovered clock 1s provided to
the secondary DTSR 620 registers through the use of the
system memory controller 630. Also, the Master DTSR 610
1s programmed to perform PID filtering of audio, private,
and PSI/SI PIDs programmed in the auxiliary PID registers.
Secondary DTSR 620 1s programmed for PID filtering
operations on Video PID programmed on a first auxiliary
PID register. However, since the receiver 1s 1n receive-only
mode, the video transport packets 1n the ring bufler 624 are
disregarded. The clock recovery algorithm is suppressed on
the secondary DTSR 620. Only STC of the slave DTSR 1s
set upon the channel change. Host CPU 632 performs PES
parsing of audio transport stream packets, decode and pre-
sentation of audio frames (on AC-97 codec or wave device),
and continuous parsing and data processing of PSI sections
monitoring real-time events like PID change, PCR discon-
tinuity or splicing of audio stream. This activity by the host

CPU 632 1s part of the normal receive only mode of

operation where a specified channel 1s being decoded and
displayed. Specific systems and methods for supporting
these processes are described in the patent application
already incorporated by reference.

When in continuous time-shifting mode of operation, the
host CPU 632 performs additional processing including:
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video audio, private and PSI/SI transport stream packets
from multiple but
the host CPU. In one embodiment, however, the master
DTSR 620 1s used to decode and display video stream as
describe previously with reference to receive only mode.
Transport packets from a common program are retrieved
from the buller 614 and provided to a digital storage media
circular file system 1n a multiplexed manner. Multiplexing 1s
performed by inserting audio, video, private, and PSI/SI
transport stream packets to satisly a group of relevant
criteria.

Fundamental functions performed during continuous digi-

tal time shifting include: 1) Preserving of original ES_rate of

cach component stream; 2) Limiting PCR jitter of newly
created single program multiplex; 3) Preserving VBV _delay
value (the number of periods of a 90 KHz clock derived

from the 27 MHz system clock that the VBV shall wait after

ers 614 allocated 1n the memory space of
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receiving the final byte of the picture start code before
decoding the picture) to insure non-interrupted MPEG video
decode after mitial VBV _delay time 1n constant bit-rate
(CBR) stream environments; 4) Preventing undertlow or
overflow of elementary stream decoder buflers in accor-
dance with the T STD model defined 1n ISO/IEC 13818-1
standard; 5) providing PID values in the video or audio TS
packets that were originally defined 1n the PMT section to be
a video or audio PIDs. Alternatively, a new artificial PCR
stream can be separately created and injected as TS PCR
packets at the rate of at least 10 times per second to create
a new time base for decimated, time-shifted stream stored on
the DSM. Whereby, the original PAT transport packet 1s
modified or a new PAT packet 1s inserted into the stream
instead of the original PAT section to indicate a single
program only whose PMT section indicates video, audio,
PCR and other PID that carry subtitles, program descrip-
tions, etc. As a stable clock source, STC of the Master DTSR
1s used to measure elapsed time between two PCR samples;
6) Providing PTS values 1n the video, audio or private data
streams by using STC of the Master DTSR as elapsed time
counter; and 7) Inmitializing STC of the playback DTSR
device to a first available PCR value encoded in the stream
saved on DSM media, immediately after channel change.

While 1 part-time digital time-shifting mode, the host
CPU 632 performs some additional processing like retrieval
and de-multiplexing of the single program transport stream
created 1in continuous time digital time-shifting mode during
a storage process. Generally, the playback of the stored
program 1s combined with continued transport stream de-
multiplexing and recording of the real-time transport stream.
Such a mode of operation 1s the most mtensive mode of
operation because the host CPU 632 must, create/store a
multiplexed single program transport stream from a contin-
ued reception of a live broadcast; and retrieve and demul-
tiplex saved content from a digital storage media while
performing transport stream de-multiplexing, audio decode,
and bus mastering elementary stream video to the MPEG
video decoder.

In one implementation, an MPEG decoder associated with
the Master DTSR 610 1s used to decode and display a video
stream from a DSM media and receive private data, and
PSI/SI sections from a live broadcast. In such a case, a video
PID of the Master DTSR 610 1s disabled, while video data
with 1ts PTS information 1s fed directly to the MPEG
decoder using the system memory controller 630. However,
PCR PID 1s programmed on a Master DTSR so that MPEG
clock recovery continues from a live transport stream feed
and 1s supplied to the STC counters of both the master DTSR
610 and the second DTSR 620. In one implementation, only
the video PID i1s programmed into the Slave DTSR for
retrieving live video stream and sending 1t to circular bufler
on the host system 1n the form of a full MPEG-2 transport
stream packets, while the Master DTSR 1s used to bufler the
non-video components of a specific program.

In another embodiment, a different partition of the soft-
ware tasks 1s possible on the host CPU 632 to achieve all
three modes of a digital time shifting. In the second embodi-
ment, a first DTSR 1s used as a combo video-PCR only
device, either to receive and decode video from a live
broadcast or from a DSM media. The PCR PID of the first

DTSR 1s programmed always to match live broadcast, and
tull clock recovery 1s done by the first DTSR. A second
DTSR can be used 1n all 3 modes to receive video, audio,
private data and PSI/SI sections, all utilizing auxiliary PID
filters and recerved as full MPEG-2 transport packets arriv-
ing in the single memory queue. This way, the temporal
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order of a stream and validity of the T-STD decoder model
1s inherently preserved. Also, the amount of the host DRAM
memory required for queue allocation 1s less than 1n the first
case. In both embodiments, a quality digital stream time
shifting at the transport packet level 1s achieved.

In yet another operating mode, a diflerent partition of the
soltware tasks 1s possible on the host CPU 632 to achieve all
three modes of digital time shifting by storing PES layers as
a basic format of the audio/video data saved on a DSM. In
PES operating mode, two hardware embodiments are pos-
sible, the same as 1n TP operating mode.

In a first hardware embodiment, the first DTSM 1s used as
a combo device, to achieve playback of live or stored MPEG
video and reception of audio, private & PSI/SI content. The
second device 1s used only to receive and de-multiplex
MPEG-2 wvideo transport stream and retrieve MPEG-2
clementary stream from a live broadcast. Upon retrieval of
ES video, PES packets are formed and stored on the DSM
media. In the second hardware embodiment, the first DTSM
1s used as a combo video-PCR only device, either to recerve
and decode video from a live broadcast or from a DSM
media. The PCR PID 1s programmed always to match live
broadcast, and full clock recovery 1s done by the first DTSR.
A second DTSR 1s used 1n all 3 time-shifting modes to
receive audio, private data, PSI/SI sections, by utilizing
auxiliary PID filters to store the transport packets to a single
memory queue. That way, a temporal order of a stream and
validity of T-STD decoder model 1s already preserved.

In yet another time shifting embodiment, the video 1s
de-multiplexed to the level of elementary stream and stored
at the bit-stream bufler of the MPEG video decoder physi-
cally allocated in the frame memory. The MPEG video
stream 1s then retrieved from this bufler by a software
processing thread running on a host CPU. Every time a
picture start code 1s found in the video bit-stream bufler, a
tull compressed MPEG picture, 1in the form of elementary
stream, 1s sent to the system memory butler by DMA. One
such method 1s disclosed 1n patent application Ser. No.
09/489,682 which 1s hereby incorporated herein by refer-
ence.

Before storing the full compressed MPEG picture 1n the
DSM, a PES packet header 1s added. The audio stream 1s
de-multiplexed and decoded by the host CPU. In a similar
fashion as the video, prior to audio decoding, the audio
frames are packetized into PES packets. Essential informa-
tion from the PSI/Sl/private data tables 1s decoded and
stored 1n a pure source form on a DSM. This way, further
reduction of the host DRAM memory requirements for
queue allocation and memory on the DSM media 1s reduced.
An advantage of this mode 1s reduction of CPU cycles
needed for A/V playback of stored data due to the PES
format of audio/video data. PES de-multiplexing 1s done 1n
place, passing pointers to the payload of PES packets that
contain video or audio Irames, other implementations
required they be sent by DMA to the video decoder before
they were decoded on host CPU (MPEG or AC-3 audio). As
a result, the host CPU doesn’t move any raw audio or video
data, and host CPU utilization 1s reduced in order of mag-
nitude compared to TS playback operating mode.

Embodiments of the invention include a system compris-
ing a first input node to receive a multiplexed packetized
data stream that carries realtime multimedia programs; a
first transport stream demultiplexer that has an input
coupled to the first input node to select packets of data
having a predefined packet identifier and an output to
provide the select packets of data,; a storage device having
a data port coupled to the output of the first transport stream
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demultiplexer to receive the select packets, wherein the
storage device is to store the select packets; a first clock
recovery module having an input coupled to the first input
node, and an output, wherein the clock recovery module is
to generate a clock at the output based upon received timing
information transmitted in packets of the multiplexed pack-
etized data stream before it is stored in the storage device;
and a decoder having a first input coupled to the output of
the first clock recovery system to receive the clock, a second
input coupled the data port of the storage device to receive
the select packets, and an output to provide decoded real-
time data.

FIG. 7 illustrates in flowchart form a specific embodiment
of a clock recovery algorithm to gemerate a clock, in
accorvdance with the present invention. Algorithm 700 begins
with step 710, in which a multiplexed packetized data stream

is received at Master DISR 610. In step 720, PCR PlDs are

parsed to provide a PCR value. In step 730, the STC counter

of Master DISR 610 is initialized to the PCR value. In step

740, as a stable clock source, use STC to measure elapsed
time between two PCR samples.

In the foregoing specification, the invention has been
described with reference to specific embodiments. However,
one ol ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the present invention as set forth in the
claims below. For example, the specific time-shifting imple-
mentation has been described as with reference to a specific
transport stream demultiplexer, and described 1n a previous
applications which have been incorporated by reference.
Different transport stream demultiplexers and method of
implementing specific aspects of the present invention can
be used as well. Likewise, specific partitions between hard-
ware and soltware implementions have been described,
which can vary depending upon the implemented demulti-
plexer. For example, the video stream parser can be designed
to support routing the parsed video data to a circular bufler
that 1s accessible by the system memory controller. Accord-
ingly, the specification and figures are to be regarded 1n an
illustrative rather than a restrictive sense, and all such
modifications are mtended to be included within the scope of
present 1nvention. In the claims, means-plus-function
clause(s), 1if any, cover the structures described herein that
perform the recited function(s). The mean-plus-function
clause(s) also cover structural equivalents and equivalent
structures that perform the recited function(s). Benefits,
other advantages, and solutions to problems have been
described above with regard to specific embodiments. How-
ever, the benefits, advantages, solutions to problems, and
any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential feature or
clement of any or all the claims.

What 1s claimed 1s:
1. A method comprising:
recerving a multiplexed packetized data stream that car-
ries real-time multimedia programs;
during a first time:
storing a first portion of the packetized data stream
representing video data and timing data of a pro-
gram;
setting a system time indicator to a stored system time
value before storing the first portion of the pack-
etized data stream, wherein the stored system time
value 1s based on a portion of the timing data of the
first portion of the packetized data stream; and
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during a second time:
incrementing the system time indicator;
retrieving the video data of the first portion of the
packetized data stream for video decoding; and
storing a second portion of the packetized data stream
representing video data and timing data of the pro-
gram.
2. The method of claim 1, wherein
storing the first portion of the packetized data stream
includes the first portion of the packetized data stream
representing audio data of the program;

storing the second portion of the packetized data stream

includes the second portion of the packetized data
stream representing audio data of the program;

the method further including;:

during the second time:

accessing the audio data of the first portion of the pack-

ctized data stream for audio playback.

3. The method of claim 1, wherein the multiplexed
packetized data steam 1s a multiplexed packetized data
stream that substantially meets an MPEG2 specification.

4. The method of claim 3, wherein storing the first portion
includes storing transport stream packets.

5. The method of claim 4, wherein storing the first portion
includes:

determining transport stream packets containing data

associated with the program; and

storing the transport stream packets containing data asso-

ciated with the program after the step of determining.

6. The method of claim 3, wherein storing the first portion
includes storing packetized elementary stream (PES) pack-
ets.

7. The method of claim 6, wherein storing the first portion
includes:

determining transport stream packets containing data

associated with the program; and

storing PES packets based upon the transport stream

packets containing data associated with the program
alter the step of determining.

8. The method of claim 1, wherein storing the first portion
of the transport stream includes the timing data including
synchronization information used for playing the program
back at a real time program bit-rate.

9. The method of claim 1, wherein incrementing the
system time indicator includes incrementing the system time
indicator based upon a signal generated from multiplexed
packetized data stream data received after the first time.

10. The method of claim 1 further comprising;

decoding the video data of the first portion to provide a

decoded video stream.

11. The method of claim 10, wherein receiving a multi-
plexed packetized data stream and decoding the video data
are performed by an integrated semiconductor device.

12. The method of claim 10 further comprising:

providing the decoded video stream for display at a play

back rate.

13. The method of claim 12 wherein the play back rate 1s
a real time rate.

14. The method of claim 12, wherein providing the
decoded video stream for display includes determining the
play back rate based upon clock recovery data of the first
portion of the transport stream, wherein the play back rate
varies depending upon a rate at which the first portion of the
transport stream data 1s provided to a decoder during the step
of decoding.

15. The method of claam 12 wherein providing the
decoded video stream for display includes determining the
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play back rate based upon timing data received from the
multiplexed packetized data stream after the first time.

16. The method of claim 15, wherein the timing data
received from the multiplexed packetized data stream after
the first time 1s associated with a current real-time data
stream.

17. The method of claim 12, wherein the play back rate 1s
faster than a real time rate.

[18. A method comprising:

determining a mode of operation;

during a first mode of operation:

receiving a multiplexed packetized data stream at a first

demultiplexer;

selecting a first program from the multiplexed pack-
etized data stream;

decoding a wvideo portion of the first program {for
display;
during a second mode of operation:
receiving the multiplexed packetized data stream at the
first demultiplexer;

selecting the first program from the multiplexed pack-
etized data stream;

storing the first program;

during a third mode of operation:

receiving the multiplexed packetized data stream at the
first demultiplexer;

selecting the first program from the multiplexed pack-
etized data stream;

storing a {irst program portion of the first program;

providing the first program portion to a second demul-
tiplexer;

selecting at the second demultiplexer a video portion of
the first program portion;

decoding the video portion of the first program portion
for display; and

storing a second program portion of the first program
simultaneous to the step of decoding.]

19. The method of claim [18,] 28 further comprising:

during the third mode of operation:
providing the second program portion to [a] ¢2ze second

demultiplexer;
selecting [at] 5y the second demultiplexer a video
portion of the second program portion; and
decoding the video portion of the second program
portion for display.

20. The method of claim [18] 28 further comprising:

during the third mode of operation:
incrementing a counter associated with the second

demultiplexer based upon a signal generated using a
live feed of the multiplexed packetized data stream
as 1t 1s received at the first demultiplexer.

[21. A system comprising:

a first input node to receive a multiplexed packetized data
stream that carries real-time multimedia programs;

a first transport stream demultiplexer having an input
coupled to the first input node to select packets of data
having a predefined packet identifier and an output to
provide the select packets of data;

a storage device having a data port coupled to the output
of the first transport stream demultiplexer to recerve the
select packets, wherein the storage device 1s to store the
select packets;

a first clock recovery module having an 1mnput coupled to
the first input node, and an output, wherein the first
clock recovery module 1s to generate a clock at the
output based upon received timing information trans-
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mitted 1n packets of the multiplexed packetized data
stream before the select packets are stored in the
storage device; and

a decoder having a first input coupled to the output of the

first clock recovery module to receive the clock, a >
second mput coupled the data port of the storage device
to receive the select packets, and an output to provide
decoded real-time data.]

[22. The system of claim 21, wherein the first clock
recovery module further generates the clock based upon data
transmitted 1n packets of a currently received multiplexed
packetized data stream.}

[23. The system of claim 21, wherein the first clock
recovery module further generates the clock based upon
multiplexed packetized data stream data stored 1n the storage

device.]
[24. The system of claim 21, wherein the decoder includes
a video decoder.]

[25. The system of claim 24, wherein the decoder includes

an audio decoder.}
[26. The system of claim 21 further comprising:
a second transport stream demultiplexer having an input
coupled to the data port of the storage device.}
[27. The system of claim 26 further comprising;
a second clock recovery module having an input coupled
to the data port of the storage device to allow STC
setting based on a stored system time.}
28. A method comprising:
determining a mode of operation;
during a first mode of operation:
receiving a multiplexed packetized data stream at a first
demultiplexer,

selecting by the first demultiplexer a first program from
the multiplexed packetized data stream;

decoding a video portion of the first program for
display;

during a second mode of operation:
receiving the multiplexed packetized data stream at the

first demultiplexer;
selecting by the first demultiplexer the first program
from the multiplexed packetized data stream;
storing the first program;
during a third mode of operation:
receiving the multiplexed packetized data stream at the
first demultiplexer,

selecting by the first demultiplexer the first program
from the multiplexed packetized data stream;

stoving a first program portion of the first program;

providing the first program portion to a second demul-
tiplexer;

selecting by the second demultiplexer a video portion of
the first program portion;

decoding the video portion of the first program portion
for display; and

storing a second program portion of the first program
simultaneous to the step of decoding, wherein the
first and second program portions are differvent por-
tions of the first program.

29. The method of claim 19, further comprising:

during the thivd mode of operation:
vetrieving the first program portion from storage prior

to providing the second program portion to the
second demultiplexer.

30. The method of claim 28, wherein a presentation time

stamp of the first program portion is different than a pre-
sentation time stamp of the second program portion.
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31. The method claim 28, wherein the first demultiplexer
is a havdware demultiplexer.

32. The method of claim 28, wherein the second demul-

tiplexer is a hardware demultiplexer.
33. The method of claim 28, wherein the multiplexed

packetized data stream includes a plurality of real-time

multimedia programs.

34. The method of claim 33, wherein the first program is
selected from the plurality of real-time multimedia pro-
arams.

35. The method of claim 28, wherein the third mode of
operation is triggerved based on a user input.

36. The method of claim 28, further comprising:

during the third mode of operation.

generating a clock, at a clock recovery module, based
upon timing information transmitted in the multi-
plexed packetized data stream.

37. The method of claim 36, wherein the clock is gener-
ated at the clock recovery module prior to storing the first

program portion.

38. The method of claim 37, further comprising deter-
mining a plavback rate for the first program portion based
upon the generated clock

39. The method of claim 38, wherein decoding the video
portion of the first program includes:

decoding, at the plavback rate, the video portion of the

first program portion for display.

40. The method of claim 39, wherein the plavback rate is
a real time rate.

41. The method of claim 39, wherein the playvback rate is

faster than a real time rate.

42. The method of claim 37, further comprising deter-
mining a plavback rvate for the first program portion based
upon a rate at which the first program portion is provided to
a decoder during decoding of the video portion of the first
program.

43. The method of claim 36, wherein the timing informa-
tion includes synchronization information used for playing
the first program back at a real time rate.

44. The method of claim 28, further comprising:

during the third mode of operation:

retrieving the first program portion from storvage prior
to providing the first program portion to the second
demultiplexer.

45. The method of claim 28, wherein storing the first
program portion during the thivd mode of operation further
comprises.

storing audio data of the first program portion.

46. The method of claim 45, further comprising:

during the third mode of operation.

accessing, when the first program portion is decoded
for display, the audio data for audio plavback.

47. The method of claim 28, wherein, during all three
modes of operation, selecting the first program from the
multiplexed packetized data stream comprises performing
parsing and extraction operations to select the first pro-
aram.

48. The method of claim 28, wherein, during all three
modes of operation, selecting the first program from the
multiplexed packetized data stream comprises identifving

packet identifiers.
49. The method of claim 28, wherein, during the third

mode of operation, decoding comprises decoding at either a
normal playback rate or a faster than novmal rate.

50. The method of claim 49, wherein the faster than

normal rate comprises a user defined fast forward speed.
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51. The method of claim 28, wherein, during the first mode

of operation, the multiplexed packetized data stream is not
stored.

52. The method of claim 28, wherein, during the third
mode of operation, each storing step comprises stoving full
stream packets.

53. The method of claim 28 whervein, during the thirvd

mode of operation, the decoding comprises restoring time

base information from the rvetrieved first program portion.

54. The method claim 28 wherein, during the second mode
of operation, the storing comprises storing the first program
portion in large blocks.

55. The method of claim 28 wherein, during the first and
third modes of operation, decoding the video portion of the
first program for display comprises decoding video packets
and further comprises decoding audio packets.

56. The method of claim 28 wherein, during the first and
third modes of operation, decoding the video portion of the
first program for display further comprises monitoring for
real-time events.
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57. The method of claim 28, further comprising, during
the third mode of operation, displayving the decoded video
portion of the first program portion simultaneous to the step
of storing the second program portion of the first program.

58. The method of claim 28, wherein storing the first
program portion includes stoving transport stream packets.

59. The method of claim 28, whervein storing the first
program portion includes storing packetized elementary
stream (PES) packets.

60. The method of claim 28, wherein the first demulti-
plexer is a transport stream demultiplexer.

61. The method of claim 28, wherein the thivd mode is a
part-time time-shifting mode.

62. The method of claim 28, wherein each mode of
operation is performed using a television equipped with a
digital television application.

63. The method of claim 28, wherein each mode of
operation is performed using a computer equipped with a
digital television application.
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