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[57] ABSTRACT

An MPEG decoder system and method for performing Video
decoding or decompression which includes a unified
memory for multiple functions according to the present
invention. The video decoding system includes transport
logic, a system controller, and MPEG decoder logic. The
video decoding system of the present invention includes a
single unified -memory which stores code and data for the
transport, system controller and MPEG decoder functions.
The single unified memory is preferably a 16 Mbit memory.
The MPEG decoder logic includes a memory controller
which couples to the single unified memory, and each of the
transport logic, system controller and MPEG decoder logic
access the single unified memory through- the memory
controller. The video decoding system implements various
frame' memory. saving schemes, such as compression or
dynamic allocation, to more efficiently use the memory. In
one embodiment, the memory is not required to store
reconstructed frame data during B-frame reconstruction,
thus considerably reducing the required amount of memory
for this function. Alternatively, the memory is only required
to store a portion of the reconstructed frame data. In
addition, these savings in memory allow portions of the
memory to also be used for transport and system controller
functions. The present invention thus provides a video
decoding system with reduced memory requirements.
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5,870,087

MPEC DECODER SYSTEM AND METHOD
HAVING A UNIFIED MEMORY FOR

TRANSPORT DECOIDE AND SYSTEM
CONTROLLER FUNCTIONS

INCORPORATION BY REFERENCE5

The following references are hereby incorporated by
reference.

The ISOAlEC MPEG specification referred to as ISO/AEC
13818 is hereby incorporated by reference in its entirety. 10

U.S. patent application Ser. No. 08/654,321 titled
"Method and Apparatus for Segmenting Memory to Reduce
the Memory Required for Bidirectionally Predictive- Coded
Frames" and filed May 28, 1996 is hereby incorporated by
reference in its entirety as though fully and completely set 15

forth herein.
U.S. patent -application Ser. No. 08/653,845 titled

"Method and Apparatus for Reducing the Memory Required
for Decoding Bidirectionally Predictive -Coded Frames Dur-
ing Pull-Down" and filed May 28, 1996 is hereby incorpo- 20

rated by reference in its entirety as though fully and com-
pletely set forth herein.

U.S. patent application Ser. No. 08/689,300 titled
"Method and Apparatus for Decoding B Frames in Video 2
Codecs with Minimal Memory" and filed Aug. 8, 1996 now 2

U.S. Pat. No. 5,818,533, whose inventors are David R. Auld
and Kwok Chau, is hereby incorporated by reference in its
entirety as though fully and completely set forth herein.

1. Field of the Invention 3
Thbe present invention relates generally to digital video 3

compression, and more particularly to an MPEG decoder
system which includes a single unified memory for MPEG
transport, decode and system controller functions.

2. Description of the Related Art 35
Full-motion digital video requires a large amount of

storage and data transfer bandwidth., Thus, video systems
use various types of video compression algorithms to reduce
the amount of necessary storage and transfer bandwidth. In
general, different video compression methods exist for Still 40
graphic images and for full-motion video. Intraframe com-
pression methods are used to compress data within a still
image or single frame using spatial redundancies within the
frame. Interframe compression methods are used to com-
press multiple frames, i.e., motion video, using the temporal '4
redundancy between the frames. Interframe compression
methods are used exclusively for motion video, either alone
or in conjunction with intraframe compression methods.

Intraframe or still image compression techniques gener--
ally use frequency domain techniques, such as the discrete '50
cosine transform (DCI). Intraframe compression typically
uses the frequency characteristics of a picture frame to
efficiently encode a frame and remove spatial redundancy.
Examples of video data compression for still graphic images
are JPEG (Joint Photographic Experts Group) compression 55
and RLE (run-length encoding). JPEG compression is. a
groupof related standards that provide either lossless (no
image quality degradation) or lossy (imperceptible to severe
degradation) compression. Although JPEG compression was
originally designed for the compression of still images rather 60
than video, JPEG compression is used in some motion video
applications. .The RLE compression method operates by
testing for duplicated pixels in a single line of the bit map
and storing the number of consecutive duplicate pixels
rather than the data for the pixels themselves. 65

In contrast to compression algorithms for still images,
most video compression algorithms are designed to com-

press full motion video. As mentioned above,'video com-
pre ssion algorithms for. motion video use a concept referred
to as interframe compression to remove temporal redundan-
cies between frames. Interframe, compression involves stor-
ing only the differences between successive frames in the
data file. Interframe compression stores the entire image of
a key frame or reference frame, generally in a moderately'
compressed format. Successive frames are compared with
the, key frame, and only the differences between the key

iframe and the successive frames Are stored.. Periodically,
such as when new scenes are displayed, new key frames are
stored, and subsequent comparisons begin from this new
reference point. It is noted that the interframe compression
ratio may be kept constant while varying the video quality.
Alternatively, interframe compression ratios may be
content-dependent, i.e., if the video clip being compressed
includes many abrupt.scene transitions from one image to,
another, the compression is less efficient. Examples of video
compression which use an interframe compression tech-
nique are MPEG,.DVI and Indeo, among others.

MPEG BACKGROUND

A compression standard referred to as MPEG (Movin g
Pictures Experts Group) compression is a set of methods for
compression and decompression of full motion video images
which uses the interframe and intraframe compression tech-
niques described above. MPEG compression uses both
motion compensation and discrete cosine transform (DCT)
processes, among others, and can yield compression ratios
of more than,30:1.

The two predominant MPEG standards are referred to as
MPEG-i and MPEG-2. The MPEG-i standard generally
concerns frame data reduction using block-based motion
compensation prediction (MCP), which generally uses tem-
poral differential pulse code modulation (DPCM). The
MPEG-2 standard is similar to the MPEG-i standard, but
includes extensions to cover a wider range of applications,
including interlaced digital.video such as high definition
television (HDTV)..

Interframe compression methods such as MPEG are based
on the fact that, in most video sequences, the background
remains relatively stable while action takes place in the
foreground. The background may move, but large portions
of successive frames in a video sequence are redundant.
MPEG compression uses this inherent redundancy to encode
or compress frames in the sequence.

An MPEG stream includes three types of pictures,
referred to as the Intra (1) frame, the Predicted (P) frame, and

)the Bi-directional Interpolated (B) frame . The I or
Intraframes contain the video data for the entire frame of
video and are typically placed every 10 to 15 frames.
Intraframes provide entry points into the, file for random
access, and are generally only moderately compressed.

5Predicted frames are encoded with reference to a past frame,
i.e., a prior Intraframe or Predicted frame. Thus P frames
only include changes relative to prior I or P frames. In
general, Predicted frames receive a fairly high amount of
compression and are used as references for future Predicted
frames. Thus, both I and P frames are used as references for
subsequent frames. Bi-directional pictures include the great-
est amount of compression. and require both a past and a
future reference in order to be encoded. Bi-directional
frames are never used as references for other frames.
5 In general, for the frame(s) following a reference frame,
i.e., P and B frames that follow a reference I or P frame, only
small portions of these frames are different from the corre-
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sponding portions of the respective reference frame. Thus,
for these frames, only the differences are captured, com-
pressed and stored. The differences between these frames are
typically generated using motion vector estimation logic, as
discussed below.
* When an MPEG encoder receives a video file, the MPEG
encoder generally first creates the I frames. The MPEG
encoder may compress the I frame. using an intraframe
compression technique. The MPEG encoder divides respec-
tive frames into a grid of 16x16 pixel squares called mac-
roblocks in order to perform motion estimation!
compensation. Thus, for a respective target picture or frame,
i.e., a frame being encoded, the encoder searches for an
exact, or near exact, match between the target picture
macroblock and a block in a neighboring picture referred to
as a search frame. For a target P frame the encoder searches
in a prior 1 or P frame. For a target B frame, the encoder
searches in a prior or subsequent I or P frame. When a match
is found, the encoder transmits a vector movement code or
motion vector. The vector movement code or motion vector
only includes information on the difference between the
search frame and the respective target picture. The blocks in
target pictures that have no change relative to the block in
the reference picture or I frame are ignored. Thus the amount

*of data that is actually stored for these frames is significantly
reduced.

After motion vectors have been generated, the encoder
then encodes the changes using spatial redundancy. Thus,
after finding the changes in location of the macroblocks, the
MPEG algorithm further calculates and encodes the differ-
ence between corresponding macroblocks. Encoding the
difference is accomplished through a math process referred
to as the discrete cosine transform or DCT. Thbis process
divides the macroblock into four sub blocks, seeking out
changes in color and brightness. H-uman perception is more
sensitive to brightness changes than color changes. Thus the
MPEG algorithm devotes more effort to reducing color data
than brigh tness.

Therefore, MPEG compression is based on two types of
redundancies in video sequences, these being spatial, which
is the redundancy in an individual frame, and temporal,
which is the redundancy between consecutive frames. Spa-
tial compression is achieved by considering the frequency
characteristics of a picture frame. Each frame is divided into
non-overlapping'blocks, and cach block is transformcd via
the discrete cosine transform (DCT). After the transformed
blocks are converted to the "DCT domain", each entry in the
transformed block is quantized with respect to a set of
quantization tables. The quantization step for each entry can
vary, taking into a ccount the sensitivity of the human visual
system (HVS)} to the frequency. Since the H-VS is more
sensitive to low frequencies, most of the high frequency

*entries are quantized to zero. In this step where the entries
are quantized, information is lost and errors are introduced
to the reconstructed image. Run length encoding is used to
transmit the quantized. values. To further enhance
compression, the blocks are scanned in a zig-zag ordering
that scans the lower frequency entries first, and the non-zero
quantized values, along with the zero run lengths, are
entropy encoded.

When an MPEG d ecoder receives an encoded stream, the
MPEG decoder reverses the above. operations. Thus the
MPEG decoder performs inverse scanning to remove the zig
zag ordering, inverse quantization to de-quantize the data,
and the inverse DCT1 to convert the data from the frequency
domain back to the pixel domain. The MPEG decoder also

* performs motion compensation using the transmitted motion
vectors to recreate the temporally compressed frames.

.4
When frames are received which are used as references

for other frames, such as I or P frames, these frames are
decoded and stored in memory. When a temporally COM-
pressed or encoded frame is received, such as 'a P or B frame,

5 motion compensation is performed on the frame using the
prior decoded I or P reference frames. The temporally
compressed or encoded frame, referred to as a target frame,
will include motion vectors which reference blocks in prior
decoded I or P frames stored in the memory. The MPEG

10 decoder examines the motion vector, determines the respec-
tive reference block in the reference frame, and accesses the
reference block pointed'to by the motion vector from the
memory. .-

A typical MPEG decoder includes motion compensation
15 logic which includes local or on-chip memory. The MPEG

decoder also includes an external memory which stores prior
decoded reference frames. The MPEG decoder accesses the
reference frames or anchor frames stored in the external
memory in order. to reconstruct temporally compressed

20 frames. The MPEG decoder also -typically stores the frame
being reconstructed in the external memory.

An MPEG decoder system also typically includes trans-
port logic which operates to demultiplex received data into

25a plurality' of individual multimedia st reams. An MPEG
25decoder system also generally includes a system controller

which controls operations in the system and executes pro-
grams or applets.

Prior art MPEG video~ decoder systems have generally

30 used a frame store memory for the MPEG decoder motion
compensation logic which stores the reference frames or
anchor frames as' well as the frame being reconstructed.
Prior art MPEG video decoder systems have also generally
included a separate memory for the transport and system

35controller functions. It has generally. not been possible to
combine these memories, due to size limitations. For
ex ample, current memory devices are fabricated on an 4
Mbit granularity. In prior art systems, the memory require-
ments for the transport and system controller functions as

40 well as the decoder motion compensation logic would'
exceed 16 Mbits of memory, thus requiring 20 or 24 Mbits
of memory. This additional memory adds considerable cost
to the system.

The amount of memory is a major cost item in the
45 production of video decoders. Thus, it is desired to reduce

the memory requirements of the decoder -system as much as
possible to reduce its size and cost. Since practical memory
devices are implemented using particular convenient dis-
crete sizes, it is important to stay within a particular size if

50 possible for commercial reasons. For example, it is desired
to keep the memory requirements below a particular size of
memory, such as 16 Mb, since otherwise a memory device
of 20 or 24 Mb would have to be used, resulting in greater,
cost and extraneous storage area. As mentioned above, it has

55 heretofore not been possible to combine the memory
required for the transport and system controller functions
with the memory required for the MPE G decoder logic due
to the memory size requirements.

Therefore, a new video decoder system and method is
60 desired which efficiently uses memory. and combines the

memory subsystem for reduced memory requirements and
hence reduced cost.

SUMMARY OF THJE INVENTION

65 The present invention comp)rises an MPEG decoder sys-
tem and method for performing video decoding or decom-
pression which includes a unified memory for multiple
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functions according to the present invention. The video
decoding. system includes transport logic, a system
controller, and MPEG decoder logic. The video'decoding
system of the present invention includes* a single unified
memory which stores code- and data for the transport logic,
system controller and MPEG decoder functions. The single
unified memory is preferably a 16 Mbit memory. The
present invention thus requires only-a single memory, and
thus has reduced memory requirements compared to prior
art designs.

The video decoding system includes transport logic which
operates to demultiplex received data into;.a plurality of
individual multimedia streams. The video decoding system
also includes a system controller which controls operations
in the system and executes programs or-applets. The video
decoding system further includes decoding logic, preferably
MPEG decoder logic, which performs motion compensation
between temporally compressed frames of a video sequence
during video decoding or video decompression. The
memory includes a plurality of memory portions, including2
a video frame portion for storing video frames, a system
controller portion for storing code and data executable by
the system controller, and a transport buffer for storing data
used by the transport logic. The MPEG decoder logic
preferably includes a memory controller which couples to2
the single unified memory. Each of the transport logic,
system controller, and MPEG decoder logic accesses the
single unified memory through the memory controller.

Thbe video decoding system implements various frame3
memory saving schemes, such as compression or dynamic
allocation,. to reduce the 'required amount of frame store
memory. Also, in one embodiment, the memory is not
required to store reconstructed frame data during motion
compensation, thus considerably reducing the required3
amount of memory for this function. Alternatively, the
memory is only required to store a portion of the. recon-
structed frame data. These savings in memory allow portions
of the memory to also be used for transport and system
controller functions.

The present invention thus provides a video decoding4

system with reduced memory requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention can be4
obtained when the following detailed description of the
preferred embodiment is considered in conjunction with the
following drawings, in which:

FIG. 1 illustrates a computer system which performs
video decoding and which includes a motion compensationf
logic having a frame memory which stores reference block
data according to the present invention;

FIG. 2 is a block diag ram illustrating the computer system
of FIG. 1;

FIG. 3 isa block diagram illustrating an MPEG decoder
system including a unified memory for MPEG transport,
system controller, and decode functions according to the
present invention;

FIG. 4 is a block diagram illustrating the MPEG decoder
logic in the system of FIG. 3;

FIG. 5 illustrates,various frame memory saving.schemes
used in various embodiments of the invention;

FIGS. 6a and' 6b illustrate a table listing the memory
partitions under different display schemes;

FIG. 7 illustrates the relationship of memory bandwidth
vs. memory size in the NTSC decoding scheme;

FIG. 8 illustrates the relationship of: memory bandwidth
vs. memory size in the PAL encoding scheme;

FIG. 9 illustrates the memory partitions. according to the
preferred embodiment of the invention;.
5 FIG. 10 illustrates the estimated memory bandwidth dis-
tribution in the preferred embodiment of the invention;

FIG. 11 illustrates the "worst case" relationship of pro-
cessing power vs. memory size in the NTSC decoding

10 scheme;
FIG. 12,illustrates the clock domains in the system;
FIG. 13 illustrates clock operating frequencies according

to the preferred embodiment of the invention;
FIG. 14 illustrates.an example of the packet data interface

15 between the transport controller.and the source decoder;'and
FIG. 15 illustrates packet header formats used in the

preferred embodiment.

DETAILED DESCRIPTION OF THE
20 PREFERRED EMBODIMENT'

Video Compression System
Referring now to FIG.J., a system for performing video

decoding or decompression and including a-unified memory
according to the present invention is shown. The video

25 decoding system of the present invention includes a single
unified memory which stores code and data for the transport,
system controller and MPEG decoder functions. This sim-
plifies the design and reduces the memory requirements in
the system.

30 As shown, in one embodiment the video decoding or
decompression system is comprised in a general purpose
computer system 60. The video decoding'system may com-
prise any of various types of systems, including a computer
system, set-top box, television, or other device.

35 . The computer system 60 is preferably coupled to a media
storage unit 62 which stores digital video files which are to
be decompressed or decoded. by the computer system 60.
The media storage unit 62 may also store the resultant
decoded or decompressed video file. In the preferred

40 embodiment, the computer system 60 receives a compressed
video file or bitstream and generates a normal uncompressed
digital video file. In the present disclosure, the term "com-
pressed video file" refers to a video file which has been
compressed according to any of various video compression

45 algorithms which use motion estimation techniques, includ-
ing the MPEG standard, among others, and the term
"uncompressed digital video file" refers to a stream of
decoded or uncompressed video.

As shown, the computer system 60 preferably includes a
50 video decoder 74 which performs video decoding or decom-

pression ope 'rations. The video decoder 74 is preferably an
MPEG decoder. The computer system 60 optionally may
also include an MPEG encoder 76. The MPEG decoder 74
and MPEG encoder 76 are preferably adapter cards coupled

55 to a bus in the computer system, but are 'shown external to
the computer system 60 for illustrative purposes. The com-
puter system 60 also includes software, represented by
floppy disks 72, which may perform portions of the video
decompression or decoding. operation and/or may perform

60 other operations, as desired.
The computer system 60 preferably includes various

standard components, including one or more processors, one
or more buses, a hard drive and memory. Referring now to
FIG. 2, a block diagram illustrating the components com-

65 p)rised in the computer system of FIG. 1 is shown. It is noted
that FIG. 2 is illustrative only, and other computer architec-
tures may be used, as desired. As shown, the computer

SONY EX. 1002 
Page 26



5,870,087
7

system includes at least one processor 80 coupled through
chipset logic 82 to a system memory 84. The chipset 82
preferably includes a. PCI (Peripheral Component
Interconnect) bridge for interfacing to PCI bus 86, or another
type of bus bridge for interfacing to another type of expan-
sion bus. In FIG. 2, MPEG decoder 74 and MPEG encoder
76 are shown connected to PCI bus 86. Various other
components may be comprised in the computer system, such
as video 88 and hard drive 90.

:As mentioned above, in the preferred embodiment of FIG.
1 the computer system 60 includes or is coupled to one or
more digital storage or media storage devices.Jor example,
in the embodiment'of FIG. 1, the computer system 60
couples to media storage unit 62 through cable 64. The
media storage unit 62 preferably comprises a RAID
(Redundant Array of Inexpensive Disks) disk array, or
includes one or more CD-ROM drives and/or one or more
Digital Video Disk (DVD) storage units; or other media, for
storing digital video to be decompressed and/or for storing
the resultant decoded video data. The computer system may
also include one or .more internal RAID arrays, CD-ROM
drives and/or may couple to one or more separate Digital
Video Disk (DVD) storage units. The computer system 60
also may connect to other types of digital or analog storage
devices or media, as desired.

Alternatively, the compressed digital video file may be
received from an external source, such as a remote storage
device or remote computer system. In this embodiment, the
computer system preferably includes an input device, such
as an ATM (Asynchronous Transfer Mode) adapter card or
an ISDN .(Integrated Services. Digital Network) terminal
adapter, or other digital data receiver, for receiving the
digital video file. The digital video file may also be stored or
received in analog format and converted to digital data,
either externally to the computer system 60 or within the
computer system 60.

As mentioned above, the MPEG decoder 74 in the com-'
puter system 60 performs video decoding or video decom-
pressio n functions. As discussed further below, the video
decoding system includes transport logic which operates to
demultiplex received data into a plurality of individual
multimedia streams. The video decoding system also
includes a system controller which controls operations in the
system and executes programs or applets comprised in the
stream. The video decoding system further includes decod-
ing logic, preferably MPEG decoder logic, which performs
motion compensation between temporally compressed
frames of a video sequence during video decoding or video
decompression. The video decoding system of the present
invention includes a single unified memory which stores
code and data for the transport, system controller and MPEG
decoder functions. This simplifies the design and reduces the
memory requirements in the system. The MPEG decoder 74
thus performs functions with improved efficiency and
reduced memory requirements according to the present
invention.

It is noted that the system for decoding or decompressing
video data may comprise two or more interconnected
computers, as desired. The system for decoding or decom-
pressing video data may also comprise other hardware, such
as a set top box,'either alone or used.in conjunction with a
general purpose programmable computer. It is noted that any
of various types of systems may be used for decoding or.
decompressing video data according to the present
invention, as desired.
FIG. 3-MPEG Decoder Block Diagram

Referring now to FIG. 3, a block diagram illustrating an
MPEG decoder system architecture according to one

embodiment of the present invention is shown. As shown,
the MPEG decoder system includes a channel receiver 202
for receiving a coded stream. As mentioned above, in the
preferred embodiment, the coded *stream is an MPEG

5 encoded stream. The MPEG encoded stream may include
interactive program content comprised within this stream, as
desired. The channel receiver 202 receives the coded stream
and provides the coded stream to a. transport and system
controller block 204.

10 The transport and system controller block 204 includes
transport logic 206 which operates to demultiplex the
received -MPEG encoded stream into a plurality of multi-
media data. streams. In other words, the encoded stream
preferably includes a plurality of multiplexed encoded chan-

15 nels or multimedia data streams which are combined into a
single stream, such as a broadcast signal provided from a
broadcast network. The transport logic 206 in the transport
and system controller block 204 operates to demultiplex this
multiplexed stream into one or more programs, wherein

20 each of the programs comprise individual multimedia data
streams including video and/or audio components.

It is noted that the MPEG stream may comprise one of
two types of streams including either a transport stream or
a program stream. A transport stream comprises a 188 byte

25 stream which includes error correction and which is
designed for an error prone environment. A program stream,
on the other hand, is designed for an error free environment
and this does not include error correction capabilities.

The transport and system controller block 204 also
30 includes a system controller 208 which monitors the MPEG

system and is programmable to display audio/graphics on
the screen and/or execute interactive applets or programs
which are embedded in the MPEG stream. The system
controller 208 also preferably controls operations in the

35 MPEG decoder system. In the preferred embodiment, the
system controller 208 comprises a MIPS RISC CPU which
is programmed to perform system controller functions.

The transport and system controller block 204 couples
through a memory controller 211 in MPEG decoder 224 to

40 an external memory 212, also referred to. as the single
unified memory 212. The transport logic 206 and system
controller logic 208 comprised in the transport and system
controller block 204 utilize the external memory 212 to store
and/or receive code and data. In the preferred embodiment,

45 the external memory 212 is a 16 MB synchronous dynamic
random access memory (SDRAM).

As shown, the transport and system -controller block 204
couples to an MPEG decoder block 222. The MPEG decoder
block 222 includes an MPEG audio visual decoder 224, as

50 shown. The MPEG audio visual decoder 224 receives data
from the transport and system controller block 204 and
operates to perform MPEG decoding to produce a decoded
or decompressed signal. The visual component of the
decompressed signal is output from the MPEG A/V decoder

55 224 and is provided to a video encoder 226. The video
encoder 226 operates to convert the digital video stream into
a format mo re appropriate for transmission or display, such
as NTSC or PAL format. The video encoder logic 226
includes digital to analog (D/A) converters for converting

60 the decoded digital video strea m into an analog stream. 'Ihis
analog video stream is then provided as an output of the
system as shown.

The audio component of the decoded or decompressed
MPEG stream is provided to an audio. digital to analog

65 converter (DAC) 228. The audio DAC 228 op)erates to
perform digital to analog conversion on the digitalI audio
signal output from the MPEG ANV decoder 224. The result-
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ing lg audio signals are provided as an output to the
system as shown.

As shown, the external memory 212 is coupled to the
MPEG A/V decoder 224. The MPEG A/V decoder 224
includes a memory controller 211 which controls access to
the single unified memory 212. As noted above, each of the
transport logic 206 and system controller logic 208 com-
prised in t he transport and system controller block 204
access the external memory 212 through the memory con-
troller 211.

TIhe MPEG A/V decoder 224 utilizes the external memory
212 in the MPEG decode process. Thus the MPEG A/V
decoder 224 uses the same memory 212 as the transport land
sys tem controller blocks. As is well-known in the art, the
MPEG A/V decoder 224 uses the external memory 212 to
store decoded reference frames or anchor frames which are
used during motion compensation or reconstruction of tem-
porally compressed frames. The MPEG A/V decoder 224
may also use the external memory 212 to store a portion or
all of the reconstructed frames.
Reconstructed Frame Data Memory Saving Schemes

It is noted that reconstruction of a temporally compressed
frame during MPEG decoding typically uses a full 16 MB of
external memory. However, the MPEG decoder system 74 of
the preferred embodiment uses one or more of various
methods to reduce the amount of memory required for
storing reconstructed frame data. For example, current prior
art video decoder implementations use at least one frame of
memory to store the reconstructed B-picture prior to display.
In other words, prior art decoders require that there be a full
frame store into which to reconstruct the B frame or picture.

In one embodiment of the invention, the video decoder
system 74 uses as little as 2.528 frame stores when there is
no pulldown during B-frames. In this embodiment, the
system uses an improved method to reduce the required
amount of memory, whereby the memory used to store the
first field is used again for reconstruction as soon as that part
of the picture has been displayed. This method reduces the
amount o f memory needed for B-frame reconstruction to
about 0.528 frames. For more information on this method,
please see U.S. patent application Ser. No. 08/654,321 titled
"Method and Apparatus for Segmenting Memory to Reduce
the Memory Required for Bidirectionally Predictive-Coded
Frames" and filed May 27, 1996, which is hereby incorpo-
rated by reference in its entirety as though fully and com-
pletely set forth herein.

In another embodiment of the invention,, the video
decoder system 74 uses as little as 2.75 frames when there
is pulldown. In this embodiment, a method is used to reduce
the memory required for decoding and displaying B frames
during 3:2 pull-down. This method uses the fact that B
frames are not used to predict other frames, so that once the
B frame data is retrieved for display, it may be discarded. To
enable re-use of memory, data from the top and bottom fields
is separated into different segments of memory. Thus, once
retrieval begins of the data in a segment, that segment
becomes free for reconstruction. However, this initial
scheme is not completely sufficient for the top field of every
other frame during 3:2 pull-down, since the top field must be
somehow made available again for re-display. Rather than
requiring additional memory to save the top field of every
other frame, the top field is reconstructed again during the
period when reconstruction is typically stalled. In this
manner, the amount of memory required is reduced, and the
field requiring re-display for 3:2 pull-down i's simply recon-
structed again. For more information on this method for
reducing the required amount of memory when pull-down is

being performed, please see U.S. patent application Ser. No.
08/653,845 titled "Method and Apparatus for Reducing the
Memory Required for Decoding Bidirectionally Predictive-
Coded Frames During Pull-Down" and filed May 27, 1996,

s which is hereby incorporated by reference in its entirety as
though fully and completely set forth herein.

The above methods used to reduce memory requirements,
which are disclosed in the above -refere nc'ed patent
applications, are optimal, i.e., use the least possible memory,

10 where the picture is decoded only once. In another
embodiment, The MPEG decoder 74 includes frame recon-
struction or decoder logic which operates to reconstruct a
bi-directionally encoded (B) frame without requiring storage
of the frame being constructed in the external memory 112.

1s In this embodiment, the MPEG decoder 74' operates to
decode or reconstruct the frame twice, once during each field
display period. This obviates the necessity of storing the
reconstructed B frame data, thus reducing memory require-
ments.

20 In this embodiment, the MPEG decoder system includes
a picture reconstruction unit, a picture display unit, a pointer
register, and a temporary buffer (all not shown). The picture
memory 212 includes separate buffers, used for anchor
pictures or reference frames (Al, A2) and a rate buffer which

2S stores the temporally compressed frame, referred to as C.
The pointer register stores the location of the first byte of the
compressed picture, which- is stored in the rate buffer.
According to this embodiment, the picture memory 212 is
not required to store data from the reconstructed frame.

30 The picture reconstruction unit operates to decode or
reconstruct the B frame twice, once each during a first field
time and a second field time. The first field time substantially
corresponds to the time when the first or top field of the'
picture is displayed, and the second -field time substantially

35 corresponds to the time when the second or bottom field of
the picture is displayed.

During the first field time, compressed picture data is read
from the rate buffer into the picture reconstruction unit,
*where the picture is decoded. The top field data from the

40 picture reconstruction unit is written to the temporary buffer,
and the bottom field data is discarded. After one slice of the
picture has been decoded, the data in the temporary buffer is
retrieved by the picture display unit and is output for display.
This process continues for the entire picture in order to

45 display all of the first field. Thus, the entire picture is
decoded or reconstructed, arnd only data from the top field is
written to the temporary buffer for display.

During the second field time, the same compressed pic-
ture is again read from the rate buffer. The picture recon-

50 struction unit again decodes the compressed picture. In the
second field time, the picture reconstruction unit writes the
bottom field data to the temporary buffer, and the top field
data is discarded. After one slice of the picture has been
decoded, the data in the temporary buffer is output by the

ss picture display unit for display. This process continues for
the entire picture in order to display all of the second field.

The reconstructed picture is never written to the memory
during reconstruction of B-frames. It is also noted that the
temporary buffer is about 32 times smaller than the external

60 frame store required in the best implementation of prior art
methods. This allows the temporary buffer to be comprised
on the. same monolithic substrate as the decoder itself.

Therefore; in this embodiment the video decoder system
reconstructs the B-picture twice, once in each field time.

65. This eliminates the storage requirement of the reconstructed
B-frame entirely and thus allows this memory space to be
used for transport and system controller functions.

SONY EX. 1002 
Page 28



5,870,087

In another embodiment, the MPEG decoder system of the
preferred embodiment uses a dynamic segment allocation
scheme and/or compression techniques, which reduce the
external memory requirement. These memory saving tech-
niques are discussed further below.

Therefore, the video decoding system 74 includes trans-
port logic 206 which operates to demultiplex received data
into a plurality of individual multimedia streams. The video
decoding system also includes a system controller 208
which controls operations in the system and executes pro-
grams or applets comprised in the stream. The video decod-
ing system 74 further includes decoding logic 224, prefer-
ably MPEG decoder logic, performs motion compensation
between temporally compressed frames of a video sequence
during video decoding or video. decompression. The video
decoding system of the present invention includes a single
unified memory which stores code and data for the transport,
system controller and MPEG decoder functions. This sim-
plifies the design and reduces the memory requirements in
the system.

As discussed above, prior art MPEG decoder systems
include different memory systems for the transport and
system controller logic 204 and the MPEG decoder logic
224. These separate memories are required because of the
separate bandwidth and processing requirements for each
memory, as well as the memory size requirements of each
block. According to the system and method of the present
invention, the present invention includes a single or unified
memory which is used for each of the transport and system
controller block 204 and the' MPEG A/V decoder logic 224.
FIG. 4-MPEG Decoder Block Diagram

Referring now to FIG. 4, a block diagram illustrating the
MPEG A/V decoder logic 224 in the MPEG decoder 74
which performs motion compensation according to the
present invention is shown. As shown, the video decoder
logic 224 receives an encoded or compressed digital video
stream and outputs an uncompressed digital video stream.
The compressed digital video stream is a bitstream of
compressed video data which is used to present a video
sequence, such as a television segment or movie, onto a
screen, such as a television or a computer system. In the
preferred embodiment, the compressed digital video stream
is co mpressed using the MPEG-2 compression algorithm,
and the video decoder 74 is thus preferably an MPEG-2
decoder. Since the operation of MPEG decoders is well
known in the art, details of their operation which are not
necessary to the operation of the present invention are
omitted for simplicity.

As shown in FIG. 3, the decoder logic 224 comprises a
Variable Length Decoding block 302 coupled to provide an
output to an Inverse Scan block 304, which is coupled to
provide an output to an Inverse Quantization block 306,
which is coupled to provide an output to an Inverse DCT
block 308, which is coupled to provide an output to a motion
compensation block 310. The motion compensation block
310 provides an output comprising decoded samples. A
frame store memory 212 is coupled to the output of the
motion compensation- block 310 to receive and store
decoded frame data. The motion compensation block 310 is
coupled to an output of the frame store memory 212 to
receive reference 'block data from the frame store memory
212 during motion compensation.

As shown in FIG. 3, the Variable Length. Decoding block
302 receives coded data and performs variable length decod-
ing. As is well known, the MPEG standard provides that data
is. compressed for transmission using variable length codes.
Thus the Variable Length Decoding block 302 decodes this

data and produces an output, referred' to, as QFS[n]. The
QFS[n]output of the Variable Length Decoding block 302 is
provided to the Inverse Scan block 304. The Inverse Scan
block 304 reverses the zig zag scan ordering of the received

s data (is this right) and produces an output referred to as
QF[v][u]. The output Q1jv][u] is. provided to the Inverse
Quantization block 306. The Inverse Quantization block 306
performs inverse quantization or de-quantizes the data to
produce de-quantized data, referred to as F[vj[u]. The output

i0 F[v][u] of the Inverse Quantization block 306 is provided -to
the Inverse DCT block 308, which performs the inverse
discrete cosine transform to convert the data from the
frequency domain back to the pixel domain. The inverse
DCT block 308 produces an output referred to as f[y][x].

i5 The output f[y][x] of the inverse DCT block 308 is provided
to the motion compensation block 310.

The output f[jy][x] from the inverse DCT block 308
comprises temporally encoded frames of pixel data. The
motion compensation block 310 decompresses the tempo-

20 rally compressed frames using motion compensation tech-
niques. As described. above, an MPEG encoded.streamn
comprises I, P and B frames. P and B frames are temporally
compressed relative to other frames. P frames are temporally
compressed relative to prior I or P frames, and B frames are

25 temporally compressed relative to prior or subsequent I or P
frames. When a frame is temporally compressed,*the frame
is partitioned into macroblocks, referredi to as target blocks,
and then the compression method searches in neighboring
frames for blocks,which are most similar to the block being

30 encoded. When the best fit block is found, the respective
target block is encoded by a motion vector which points to
this best fit reference block in the reference frame. The
difference between the block being encoded and the best fit
block is also computed and' transferred in the MPEG stream.

3S Output pixel values from the motion compensation block
310 are provided to a frame store memory 212. The frame
store memory 212 is thus coupled to the motion compen-
sation block 310 and stores one or more reference frames of
video data. These reference frames of video data are used in

40 performing motion compensation on temporally compressed
frames, such as P and B frames. In general, an MPEG stream
includes encoded reference frame data which is transmitted
before temporally compressed data that depends on the prior
transmitted reference frame data. Thus, incoming temporally

45 encoded frame data, such as P and B frame data, comprises
motion vectors which point to reference.blocks in a prior
transmitted reference frame of video data, which has been
stored in the frame store memory 212. The motion compen-
sation block 310 analyzes each motion vector from the

s0 incoming temporally.compressed data and retrieves a refer-
ence block from the frame store memory 212 in response to
each motion vector. The motion compensation block 310
includes a local memory or on-chip memory 116 which
stores the retrieved reference block. The motion compensa-

55 tion block 110 then uses this retrieved reference block to
decompress the temporally compressed data.,

In the preferred embodiment, the frame store memory 212
is 1Mx16 SDRAM, such as Samsung KM416S1120AT-12,
having an operating frequency of 81 MHz or 108 MHz and

60 aburst size of 4 words. As discussed above, the frame store
memo ry 112 is also used according to the present invention
to store code and data for the transport, logic 206 and the
system controller logic 208.
FIG. 5-Memory Saving Schemes

65 FIG. 5 illustrates various frame memory saving schemes
used in various embodiments of the invention. As shown, in
European systems which do not include a field repeat,

SONY EX. 1002 
Page 29



5,870,087
13.

dynamic memory segment allocation techniques are used to
more efficiently use the memory space. In other words,
memory segments or areas are dynamically allocated to
minimize unused space. These dynamic memory segment
allocation techniques range from a 40 segment technique
(x/2.556) to a 3.22 (3) segment technique (x/2.801). As the
memory segment size decreases, a larger amount of granu-
larity is provided, and.the memory can be used in a more
"detailed" or specific fashion. The dynamic allocation
scheme operates, to dynamically allocate segments of
memory of different size to more efficiently use the available
memory and correspondingly result in little or no un-used
space.

In U.S. systems with field repeat, compression techniques
are preferably used to reduce memory requirements. These
compression techniques include a "compressed bitstream"
technique and a "local compression" technique.

The compressed bitstream technique operates to store
frame data in its received MPEG compressed format, instead
of storing the frame data in a decoded or decompressed
format. When this compressed data is read from memory, the2
compressed memory is decoded or decompressed "on the
fly". As shown, the compressed bitstream technique may
involve storing only one of the anchor frames in a com-
pressed format, storing only the B frames in a compressed'
format, or storing both the anchor and B frames in a
compressed format.

The local compression technique comprises re-encoding
the decoded or compressed bitstream, preferably using a
standard compression standard such as DPCM or MPEG.
Thus, once frames have been decoded or reconstructed, the2
frame data is re-encoded prior to storage in memory. As
shown, the local compression may involve compressing one
of the anchor frames only, the B frames only, or both the
anchor and B frames.
FIGS. 6a and 6b-Memory Partitions

FIGS. 6A and 6B illustrate a table listing the memory
partitions under different memory reduction schemes. As
shown, the table of FIG. 1 illustrates the memory require-
ments for both the NTSC and PAL decoding schemes for a
standard LS1 L64005 part, a method which compresses the
displayed anchor frame, a method which compresses both
the anchor and the segment storing the B frame, a method
which compresses only the B frame, and a method which
compresses both the anchor and entire B frame. LSI part no.
L64005 is a device produced by LSI Logic that has no
memory reduction for NTSC and has dynamic allocation for
PIAL.

As shown, in the NTSC format using LSI part No.
L64005, the frame store memory requires 12,441,600 bits of
memory for storing three full frames. The channel buffer
requires 2,864,637 bits of memory for various functions. As
shown in the table, these functions include the vbv (video
buffer verifier) buffer, the video non-instantaneous decode
function, the video display sync function, the audio buffer,
the audio-video latency difference function, the audio-
display sync function, the video transport buffer, the audio
transport buffer, and the jitter buffer (4 ms jitter at 15 Mbps).
Each of the above functions collectively requires 2,864,637
bits for the channel buffer. The packet header overhead
requires 20,000 bits of memory, the on-screen displayi
(OSD) requires 675,840 bits of memory. This provides a
subtotal for the software and data storage of 775,139 bits.
The total required storage for the NTSC format is 16,777,
216 bits of memory. As shown, the frame store and channel
buffer collectively require 15,306,237 bits of memory.

As shown, the PAL decoding scheme using L64005 is
similar. As shown the -PAL decoding scheme requires

12,718,080 bits of memory to store 2.556 frames of memory.
The channel buffer's subtotal for the P3AL decoding scheme
requires 3,060,847 bits of memory. The packet header
overhead for the pal scheme is also 20,000 bits, and the

5 onsc reen display requires 808,192 bits. The subtotal for
software and data storage in the PAL decoding scheme is
170,097 bits. Thus, the PAL decoding scheme using L64005
requires a total of 16,777,216 bits. As shown, for the PAL
format, the frame store and channel buffer collectively

io require 15,778,927 bits of memory.
As shown, when the displayed anchor is'compressed, the

NTSC format requires 9,538,560 bits for the frame store,
which is required to store the equivalent of 2.3 frames. The
total for the frame store and channel buffer requirements is

15 14,208,205 bits, as well as 1,873,171 bits for the software
and data. For the PAL decoding scheme with a compressed
display anchor, 11,197,440 bits are required for the frame
store. The frame store and channel buffer collectively
require 16,063,295 bits, and the software and data require-

20 ment is (114,271). Thus, there are 114,271 bits "over bud-
get" over a 16 Mbit target.

Where the anchor and the B segment are both
compressed, for the NTSC decoding scheme, assuming
3.267 segments, the frame store is reduced to 8,778,240 bits

25 and is required to store only 2.117 frames. Under this'
method, the frame store and channel buffer collectively
require 13,447,885 bits of memory, and the subtotal for the
software and data requirement is 2,633,491 bits.of memory.'
In the PAL decoding scheme where the method compresses

30 an anchor and segment B, assuming 40 segments, the frame
store requires 8,985,600 bits and requires 1.806 frames to be
stored. This method requires 13,851,455 bits to collectively
store the frame store and channel buffer data, and the
subtotal for software and data storage is 2,097,569 bits.

35 When the memory compresses only the B frame to
optimize memory storage, in the NTSC format, the frame
store required is 8,570,880 bits of memory and stores an
equivalent of 2.067 frames. Under this method, the frame
store and channel buffer require a total of 11,435,517 bits

40 and a subtotal- for software and data storage of 4,645,859
bits. In the PAL decoding scheme where the B frame only is
compressed, the'frame store requires 10,229,760 bits and
thus stores 2,056 equivalent number of frames. In this
method, the frames store and channel buffer collectively

45 require 13,290,607 bits of memory, and the subtotal -for
software and data storage requires 2,658,417 bits of
memory.

Where the system compresses both the anchor and the B
frame to optimize memory, in the NTSC format, the frame

50 store required is 5,667,840 bits of memory. and stores an
equivalent of 1.367 frames. Under this method, the frame
store and channel buffer require a total of 10,337,485 bits
and a subtotal for software and data storage of 5,743,891
bits. In the PAL decoding scheme where both the anchor

55 frame and B frame are compressed, the frame store requires
6,497,280 bits and thus stores 1.306 equivalent number of
frames. In this method, the frames store and channel buffer
collectively require 11,363,135 bits of memory, and the
subtotal for software and data storage requires 4,585;889

60 bits of memory.
FIG. 7-Memory Bandwidth vs. Memory Size in the NTSC
Decoding Scheme

FIG. 7 illustrates the relationship of memory bandwidth
vs. memory size in the NTSC decoding scheme. The

65 memory size on the x axis of the graph is the memory size
required for the frame store memory and the channel buffer.
As shown, as the memory size decreases* from left to 'right,
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the required amount of memory and/or processing band-
width increases. Thus, a greater amount of memory transfer
and/or processing bandwidth is required as the memory size
is reduced. FIG. 7 illustrates -four different plots for each
memory size, where these plots comprise 100%, 96%, and 5
87%, and 72% of useable bandwidth. The various lines
illustrated in the graph of FIG. 7 illustrate the change in
bandwidth versus the change in memory size, i.e., the
Abandwidth/Amemory, which comprises the units bytes!
second/bit. As shown, the optimum memory size in the l0
NTSC format is 13,447,885 bits.
FIG. 8-Memory Bandwidth vs. Memory Size in the NTSC
Decoding Scheme

FIG. 8 illustrates the relationship of memory bandwidth
vs. memory size in the PAL decoding scheme. As with FIG. 15
7, the memory size on the x axis of the graph is the memory
size required for the frame store memory and the channel
buffer. As shown, as the memory size decreases from left to
right, the required amount of memory and/or processing
bandwidth increases. Thus, a greater amount of memory 20
transfer and/or processing bandwidth is required as the
memory size is reduced. FIG. 8 also illustrates four different
plots for each memory size, where these plots comprise
100%, 96%, and 87%, and 72% of useable bandwidth. The
various lines illustrated in the graph of FIG. 8 illustrate the 25
change in bandwidth versus the change in memory size, i.e.,-
the Abandwidth /Amemory, which comprises the units bytes/
second/bit. As shown, the Abandwidth/ Amemory peaks at
13,851,455 bits, which is the optimum memory size in the
P3AL format. 30
FIG. 9-Memory Partitions

FIG. 9 illustrates the memory partitions of the external
memory 212 for each of the NTSC and PAL encoding
formats according to one embodiment of the invention. FIG.
9 illustrates the'number of bytes of memory size allocated 35
for different purposes in the unified memory 212, including
number of bits for video frames, the vbv buffer, the video
decode buffer, the video-display synch buffer, the audio
buffer, the audio-video latency buffer, the audio-display
synch buffer, the transport buffer, the jitter buffer,'the PES 40
header overhead memory, the OSD, and the system control-
ler code and data storage. It is noted that FIG. 9 illustrates
the memory partition according to one embodiment of the
invention,, and it is noted that the memory 212 may be
allocated differently, as desired. As shown, the memory size 45
requirement are substantially comparable. In this example,
the NTSC format uses 10,583,248 bytes for storing video
frames, and the, PAL format uses 10,790,608 bytes for
storing video frames.
FIG. .10-Decoding Memory Bandwidth 50

FIG. 10 illustrates the estimated memory bandwidth dis-
tribution in the preferred embodiment of the invention for
the NTSC and PAL formats. FIG. 10 illustrates the estimated
memory bandwidth distribution using the memory partition
embodiment of FIG. 9. The estimated memory bandwidth 55
distribution shown in FIG; 10 presumes a 16xl MB
SDRAM running at 100 MHz, wherein bandwidth is avail-
able at 200 MB per second. This memory bandwidth distri-
bution also presumes a requirement of 20 Mbytes per second
for code and data*executed by the system controller 208 in 60
the transport and system controller block 204. As noted
above, the system controller 208 is preferably a MIPS RISC
CPU. As shown, the NTSC scheme requires 160.19 MB per
second bandwidth, whereas the PAL decoding scheme
requires 157.18 MB per second of bandwidth. The band- 65
width requirements for each of the NTSC and PAL formats
are substantially comparable with the exception that the

NTSC format requires a greater amount of memory band-
width for the channel in/out function than,does the PAL
format.
FIG. 11-Processing Power vs. Memory Size (NTSC)

FIG. 11 illustrates the "worst case" relationship of pro-
cessing power vs. memory size in the' NTSC decoding
scheme. In FIG. 11, the lines represent available cycles per
macroblock for A decoder operating at 27 to 216 MH-z. The
bars represent the required cycles per macroblock recon-
structed for i to 4 cycle/coefficient throughput. For example,
a. 100 MH-z decoder can operate with 13,447,885 memory
points at 1 and 2-cycle/coefficient throughput only (not the
slow 4-cycle/coefficient). H-owever, as shown, the process-
ing power tends to increase as the memory decreases in size
from 13,447,885 bytes to 11,435,517 bytes. The 11,435,517
and 19, 337,485 memory points require a large amount of
processing power, and thus even 216 MHz processing speed
is not sufficient with 2-cycle/coefficient throughput.
FIGS. 12 and 13-Clock Domains

FIG. 12 illustrates the clock domains i the system, i.e.,
the various possible clock rates for the external memory 212
according to one. embodiment of the invention. The video
decoder system in the preferred embodiment includes a
source decoder which operates at 27 Megahertz. The source
decoder clock frequency of 27 Megahertz is required

iaccording to modern video encoding schemes. H-owever,
current memory operating frequencies are not designed for
video applications, i.e., are not designed to operate at
multiples of 27 MHz. As shown, the memory 212 operates
near multiples of this source decoder frequency such as 50

)MHz or 100 MHz.
FIG. 13 illustrates clock operating frequencies according

to the preferred embo diment of the invention. In this
embodiment, the external memory 212 is SDRAM or other
suitable memory operating at 108 MHz, or a higher multiple.

5As shown, the transport and system controller block 204
preferably operates at either 54 MH-z or 108 MHz. The
source decoder 224 preferably also operates at 54 MH-z or
108 MHz. Thus, as shown in FIG. 13, in the preferred
embodiment the memory and hardware elements operate at

)multiples of the 27 MHz required clock frequency, i.e.,
either 54 Megahertz or 108 Megahertz.
FIG. 14-Packet Data Interface

FIG. 14 illustrates an example of the packet data interface
between the transport and system controller block 204 and

5the source decoder 224. As shown, the transport and system
controller block 204 and the source decoder 224 communi-
cate 16 bit transmission data, referred to as. TD[15:0], in a
bi-directional manner. The transmission data signals
TD[15:0] comprise a data bus for transmitting data between

9the transport and -system control logic 204 and the source
decoder 224. The transport and system controller block 204
provide s a transmission data output enable (TDOE) signal
which is provided as an input to the, source decoder 224. The
transport and system controller block 204 also provides a

5new packet word (NPW) signal as an input to the source
decoder 224. The source decoder 224 provides two outputs
to the transport and system controller block 204, these being
a data chain hold (DCH) signal, which is a wait cycle
request, and a TRDY (transmission ready)* signal which

oindicates that the logic is ready for a new packet.
FIG. 15-Packet Header Formats

FIG. 15 illustrates packet header 'formats used in the
preferred embodiment. As shown, different packet header
values are used to indicate a reset, a general data read, a

5general data write, a video stream write, and an audio stream
write. The geineral'data read and general data write packets
each include fields for word count and address.
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Conclusion
Therefore, the present invention comprises a video

decoder system and method which includes a single unified
memory for MPEG transport, decode, and system controller.
functions. This reduces the required amount of memory, thus
simplifying system design and reducing system cost.

Although the system and method of' the present invention
has been -described in connection with the described
embodiments, it is not intended to be limited to the specific
form set for th herein, but on the contrary, it is intended to
cover such alternatives, modifications, and equivalents, as
can bc reasonably included within the spirit and scope of the
invention as defined by the appended claims.

I claim:
1. An MPEG decoder system which includes a single

memory for use by transport, decode and system controller
functions, comprising:

a channel receiver for receiving and MPEG encoded
stream;

transport logic coupled to the channel receiver which
demultiplexes one or more multimedia data streams
from the encoded stream;

a system controller coupled to the transport logic which
controls operations within the MPEG decoder system;

an.,MPEG decoder coupled to receive one or more mul-
timedia data streams output from the transport logic,
wherein the MPEG decoder operates to perform MPEG
decoding on the multimedia data streams; and

a memory coupled to the MPEG decoder, wherein the
memory is used by the MPEG decoder during MPEG
decoding operations, wherein the memory stores code
and data us6able by the system controller which
enables the system controller to perform control func-
tions within the MPEG decoder system, wherein the
memory is used by the transport logic for demultiplex-
ing operations;

wherein the MPEG decoder is operable to access the
.memory during MPEG decoding operations;

wherein the transport logic is operable to access the
memory to store and retrieve data during demultiplex-
ing operations; and

wherein the system controller is operable to access the
memory to retrieve code and data during system control
functions.

2. The MPEG decoder system of claim 1,' wherein the
MPEG decoder includes a memory controller coupled to the
memory;

wherein the transport logic is coupled to the memory
controller and is operable to access the memory
through the memory controller; and

wherein the system controller is coupled to the memory
controller and is operable to access the memory
through the memory controller.

3. The MPEG decoder system of claim 2, wherein the
memory controller is operable to store compressed data in
the memory to. reduce memory storage requirements.,

4. The MPEG decoder system of claim 2, wherein the
memory controller is operable to dynamically allocate seg-
ments of memory space in the memory to optimize memory
Use.

5. The MPEG, decoder system of claim 1, wherein the
memory stores anchor frame data during reconstruction of
temporally compressed frames.

6. The MPEG decoder system of claim 1, wherein said
memory has a memory size which does not exceed 16 Mbit..

7. The MPEG decoder system of claim 1, wherein said
memory includes a plurality. of memory portions, wherein
said memory includes a video frame portion for storing
video frames, a system controller -portion for storing code

s and data executable by the system controller, and a transport
buffer portion for storing data used by the transport logic.

8. The MPEG decoder system of claim 7, wherein said
memory further includes a video decode buffer portion for
storing decoded video data, a video display sync buffer, and

io an on-screen display buffer.
9. The MPEG decoder system of claim 8, wherein said

memory further includes one or more audio buffers for
storing audio data.

10. A method for performing video decoding in anMPEG
.15 decoder system which includes a single, memory for use by

transport, decode and system controller functions, the
method comprising:

receiving an MPEG encoded stream;

20 demultiplexing one or more multimedia data streams from
20 the encoded stream, wherein said demultiplexing one

or more multimedia data streams from the encoded
stream operates using a first unified memory;

performing MPEG decoding on the multimedia data

25 streams, wherein said performing MPEG decoding
operates using said first unified memory; and

a system controller controlling operations within the
MPEG decoder system, wherein said controlling opera-
tions accesses code and data from said first unified

30 memory;
wherein said demultiplexing one or more multimedia data

streams, said performing MPEG decoding, and said
controlling operations each use said first unified
memory.

35 11. The method of claim 10,
wherein said demultiplexing one or more m3ultimedia data

streams from the encoded stream includes accessing
multimedia data' siream data from said first unified
memory;

40 wherein -said performing MPEG decoding on the multi-
media data streams includes accessing video frame data
from said first unified memory; and

wherein said controlling operations includes accessing
. S code and data from said first unified memory..-

"~12. The method of claim 11, wherein the MPEG decoder
system includes a memory controller coupled to the first
unified memory;

wherein said accessing multimedia data stream data from

50 said first unified memory comprises accessing said
multimedia data stream data through the memory con-
troller;

wherein said accessing video frame data from said first
unified memory comprises accessing said video -frame

S5 data through the memory controller; and
wherein said accessing code and data from said first

unified memory comprises accessing said code and data
through the memory controller.*

13. The method of claim 10, wherein the MPEG decoder
60 system includes a memory controller coupled to the first

unified memory, the method further comprising:
the memory controller s toring compressed data in the first

unified memory to reduce. memory storage require-
ments.

65 14. The method of claim'-10, wherein the MPEG decoder
system includes a memory controller coupled to the first
unified memory, the method further comprising:
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the memory controller dynamically allocating segments
of memory space in the first unified memory to opti-
mize memory use.

15. The method of claim 10, wherein said first unified
memory has a memory size which does not exceed 16 Mbit.

116. A video decoder system which includes a single
memory for use by transport, decode and system controller
functions, comprising:

a channel receiver for receiving an encoded video stream;
transport. logic coupled to the channel receiver which

demultiplexes one or more multimedia data streams
from the encoded stream;

a system controller coupled to the transport logic which
controls operations within the video decoder system;

a video decoder coupled to receive one or more multi-
media data streams output from the transport logic,
wherein the video decoder operates to perform video
decoding on the multimedia data streams; and

a memory coupled to the video decoder, wherein the
memory is used by the video decoder during video
decoding operations, wherein the memory stores code
and data useable by the system controller which
enables the system controller to perform control func-
tions within the video decoder system, wherein the
memory is used by the transport logic for demultiplex-
ing operations;

wherein the video decoder is operable to access the
memory during video decoding operations;

20.
wherein the transport logic is operable to access the

memory to store and retrieve data during demultiplex-
ing operations; and

5 wherein the system controller is operable to access the
memory to retrieve code and data during system control
functions.

17. The video decoder system of claim 16, wherein the
video decoder includes a memory controller coupled to the

10 memory;

wherein the transport logic is c oupled to the memory*
controller and is operable to access the memory
through the memory controller; and

15 wherein the system controller is coupled to the memory
controller -and is operable to access the memory
through the memory controller.

18. The video decoder system of claim 17, wherein the

20mem ory controller is operable to store compressed data in
2the memory to reduce memory storage requirements.

19. The video decoder system of claim 17, wherein the
memory controller is operable to dynamically allocate seg-
ments of memory space in the memory to optimize memory

25 use.
20. The video decoder system of claim 16, wherein'said

memory has a memory size which .does not exceed 16 Mbit.

* * * * *
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5

Incorporation by Reference

The following references are hereby incorporated by reference.

The ISO/IEC MPEG specification referred to as ISO/IEC 13818 is hereby

to incorporated by reference in its entirety.

U.S. Patent Application Serial No. 08/654,321 titled "Method. and Apparatus for

Segmenting Memory to Reduce the Memory Required for Bidirectionally Oredictive-

ACoded Frames"p and filed May, 2e, 1996 is hereby incorporated by reference in its entirety

as though~ fully and completely set forth herein.

15 U.S. Patent Application Serial No. 08/653,845 titled "Method and Apparatus for

Reducing the Memory Required for Decoding Bidirectionally Predictive-Coded Frames

ADuring Pull-Down" and filed May, .' 1996. is hereby incorporated by reference in its

entirety asthough fully and completely set fort i herein.'

AU.S.Patent Application Serial No. tted"yse e4M o

20 Decoding B Frames in Video Codecs with Minimal Memory" and filed August ~1996 kvw'

Vwhose inventors are David R.- Auld and Kwok Chau, is hereby incorporated by reference Ito%: 33

in its entirety as though fully and completely set forth herein. -

Field of the Invention

25 The present invention relates generally to digital video compression, and more

particularly to an MPEG decoder system which includes a single unified memory for

MPEG transport, decode and system controller functions.

Description of the Related Art

30 Full-motion digital video requires a large amnount.of storage and data transfer

bandwidth. Thus, video systems useo various types of video compression algorithms to

reduce the amount of necessary storage and transfer bandwidth. In general,, different
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video compression methods exist for still graphic images and for full-motion video.
Intraframe compression methods are used to compress data within a still image or single

frame using spatial redundancies within the frame. Interframe compression methods are

used'to compress multiple frames, i.e., motion video, using the temporal redundancy

5 between the -frames. Interfrarne compression methods are used exclusively for. motion

video, either alone or in conjunction with intrafranme compression.methods.

Intrafranme or still image compression techniques generally use- frequency domain
techniques, such. as the discrete. cosine transform (DCT). Intraframe, compression

typically uses the frequency characteristics of a picture frame to efficiently encode a
10 frame and remove spatial redundancy. Examples of video data compression for still

graphic images are JPEG (Joint Photographic Experts Group) compression and RLE (run-
length encoding). JPEG compression is a group of related standards that provide either
lossless (no image quality degradation) or lossy (imperceptible to severe degradation)
compression.. Although JPEG compression was originally designed for the compression

is of still images rather than video, JPEG compression is used -in some motion video

applicationis. The RLE compression method operates by testing for duplicated. pixels in a
single line bf the bit map and storing the number of consecutive duplicate pixels rather
than the data for the pixels themselves.

In contrast to. compression algorithm s for still images, most video'compression
20 algorithms are designed to compress full motion video. As mentioned above, video

compression algorithms for motion video use a concept referred to as interframe
compression to remove temporal redundancies-between frames. Interfrarne compression
involves storing only the differences between successive frames in the data file.
Interframe compression stores the entire ima ge of- a key frame or refbrence frame,

25 generally in a moderately compressed format. Successive frames are compared with the
key frame, and only the differences between the key frame and the successive frames are
stored. Periodically, such as when new scenes are displayed, new key frames are stored,
and subsequent comparisons begin from this new reference point. It is noted that the
interframe compression ratio may be kept constant while varying the video quality.

30 Alternatively, interframe compression ratios may be content-dependent,.i.e., if the video

KA~LUR1\O60MLS101600pt±.doo
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clip being compressed includes many abrupt scene transitions from one image to another,

the compression is less efficient,.'Examples of video compression which use an

interframe compression technique are MPEG, DVI and Indeo, among others.

5 MPEG Background

A compression standard referred to as MPEG (Moving Pictures Experts Group)

compression is a set of methods for compression and decompression of full motion video

images which uses the interframe and intraframe compression techniques described

above. MPEG compression uses both motion- compensation and discrete cosine

i0 transform (DCT) processes, among others, and can yield compression ratios of thore than

30:1.

The two predominant MPEG standards are referred to as,.MPEG-i and MPEG-2.

The MPEG- I standard generally concerns frame data reduction using block-based motion

compensation prediction (MOP), which generally uses temporal differential pulse code

15 'modulation (DPCM). The MPEG-2 standard'is similar to the MPEG-I standard, but.

includes extensions to cover a wider range of applications, includihg interlaced digital

video such a's high definition television (HDTV).

Interframe compression methods such as MPEG are based on the fact that, in most

video sequences, the background remains relatively .stable while action takes, place in the

20 foreground. The background may move, but large portions of successive frames in a-

video sequence are redundant. MPEG compression uses this inherent redundancy to

encode or compress,franmes in the sequence.

An MPEG stream includes three types of pictures, referred to as the. Intra (I)

frame, the Predicted (P) frame, and the Bi-directional Interpolated (B) frame. The I or

25 Intrafrarnes contain the video data for the entire frame of video and are typically placed

every 10 to 15 frames. Intraframes provide entry points into the file for random access,

and are generally only moderately compressed. Predicted frames are encoded with

reference to a past frame, i.e., a prior Intraframe or Predicted frame. Thus P frames only

include changes relative to prior I or P frames. In general, Predicted frames receive a

30 fhirly high amount of compression and are used as references for future Predicted frames.

K:X\LSI\O0I600%LSJO1600pat.doc
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Thus, both I and P frames are used as references for subsequent frames. Bi-directional

pictures include the greatest amount of compression and require both a past and a future

reference in order to be encoded. Bi-directional frames are never used as- references for

other frames..

5 In general, for the frame(s) following a reference frame, i.e., P and B frames that

follow a reference I or P frame, only small portions of these frames are different from the

corresponding portions' of the respective reference frame. Thus, for these frames, only

the differences are captured, compressed and stored. The differences between these

frames are typically generated using motion vector estimation logic, as discussed below.

10 When an MPEG encoder receives a video file, the MPEG encoder generally- first

creates the I frames. The MPEG encoder may compress the I frame using an intraframe

compression technique. The MPEG encoder divides respective framnes into a grid of 16 x

16 pixel squares called macroblocks in order to perform motion estimation/compensation.

Thus, for a respective target picture or frame, i.e.; a frame being encoded, the encoder

15 searches for an exact, or near exact, match between the target picture macroblock and a

block in a neighboring picture referred to as a search frame. For a target P frame the

encoder seaiches in a prior I or P frame. For a target B frame, the encoder searches in a

prior or subsequent I or P frame. When a match is found, the encoder transmits a vector

movement code or motion vector. The vector movement code or motion vector only

20 includes information on the difference between the search frame and the respective target

picture. The blocks in target pictures that have no change relative to the block in the

reference picture or I frame are ignored. Thus the amount of data that is actually stored

for these frames is significantly reduced.

After motion vectors have been generated, the encoder then encodes the changes

25 using spatial redundancy. Thus, after finding the changes in location of the macroblocks,

the MPEG algorithm further calculates and encodes the difference between correspbrnding

macroblocks. Encoding the difference is accomplished through a math process referred to

as the discrete cosine transform or DCT. This process'divides the macroblock into four

sub blocks, seeking out changes in color and brightness. Human perception is more

30 sensitive to brightness changes than color changes. Thus the MPEG algorithm devotes

K:U.LSI\fO 160M~LS1I1600pat-doe
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more effort to reducing color data than brightness.

Therefore, MPEG compression is based on two types of redundancies in video

sequences, these being spatial, which is the redundancy in an individual frame, and

temporal, which is the redundancy between consecutive frames. Spatial compression is

5 achieved by considering the frequency characteristics of a picture frame. Each frame is

divided into non-overlapping 'blocks, and each block is transformed via the discrete'

cosine transform (DCT). After the transformed' blo cks are converted to the "DCT

domain", each'entry in the transformed block is quantized with respect to a set of

quantization tables. The quantization step for each entry can vary, taking into account the

10 sensitivity of the human visual system (HVS)j to the frequency. Since the HVS is more

sensitive to low frequencies, most of the high frequency entries are quantized to zero. In

this step where the entries-are quantized, information is lost and errors are introduced to

the reconstructed image. Run length encoding is used to transmit the quantized values. To

fuirther enhance compression, the blocks ard'scamced in a zig-zag ordering that scans the

15 lower frequency 'entries first, and the non-zero quantized values, along with the zero run

lengths, are, entropy encoded.

Wh6n. an MPEG decoder receives an encoded stream, the MPEG decoder reverses

the above operations. Thus the MPEG decoder performs inverse scanning to.remove the

zig zag'ordering, inverse quantization to de-quantize the data, and the inverse DCT to

20 conver t the data from the frequency domain back to the pixel domain. The MPEG

decoder also performs motion compensation using the transmitted motion vectors to re-

create the temporally compressed frames.

When frames are received which are used as references for other frames, such as I

or P frames, these frames are decoded and stored in'tnem6ry.. When a temporally

25 compressed or encoded frame is received, such as a, P or B ftame, motion compensation

is performed on the frame using the prior decoded I or P reference frames. The

temporally compressed or encoded frame, referred to as a target frame, will include'

motion vectors which reference blocks in prior decoded I or P frames stored in the

memory. The MPEG decoder examines the motion vector, determines the respective

KAML'LS110 600%5101l600pal.doc
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reference block in the reference frame, and accesses the reference block pointed, to by the

motion vector from the memory.

A typical. MPEG decoder includes motion compensation logic which includes

local or on-chip memory. The MPEG decoder also includes an external memory which

5 stores prior decoded reference frames. The MPEG decoder accesses the reference frames

or anchor frames* stored in the external memory in order to reconstruct temporally

compressed frames. The MPEG decoder also typically stores the frame being

reconstructed in the external memory.

* An MPEG decoder system also typically includes transport logic which operates

10. to demultiplex received data into a plurality of individual multimedia streams. An MPEG

decoder system also generally includes a system controller which controls, operations in

the system and executes programs or applets.

Prior art MPEG video decoder systems have generally used a frame store memory

for the MPEG decoder motion compensation logic which stores the reference frames or

15 anchor frames as well as the fratfie being reconstructed. Prior art MPEG video decoder

systems h4ve also generally included a separate memory for the transport and system

controller finctions. It has generally not been possible'to combine these memories, due

to size limitations. For example, current memory devices are fabricated on an 4 Mbit

granularity. In prior art systems, the memory requirements for the transport and system

20. controller functions as well as the decoder motion compensation logic would exceed 16

Mbits of memory, thus requiring 20 or 24 Mbits of memory. This additional memory

adds considerable cost to the system.

The moun of emoy is a major cost item in the production of video decoders.

Thus, it is desired to reduce the memory requirements of the decoder system as*much as'

25 possible to reduce its size and cost. Since practicail memory devices are implemented

using particular convenient discrete sizes, it is important t o stay within a particular size if

possible for commercial reasons. For example, it is desired to keep the memory

*requirements below a particular size of memory, such as 16 Mb, since otherwise a

memory device of 20 or 24 Mb would have to be used, resulting in greater cost and

30 extraneous storage area. As mentioned above, it has heretofore not been possible to
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combine the memory required for the transport and system controller funrctions with the

memory required for the MPEG decoder logic due to the memory size.requirements.

Therefore, a new video decoder system and method is desired which efficiently

uses memory and combines the memory subsystem for reduced memory rcquirements

5 and hence reduced cost.
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Summary of the Invention

The present invention comprises an MPEG decoder system and method for

performing video decoding or decompression which includes a unified memory for

multiple functions according to the present invention. The video decoding system

5 includes transport logic, a system controller, and MPEG decoder logic. The video

decoding system of the present invention includes a single unified memory which stores

code and data for the transport logic, system controller and MPEG decoder functions.

The single unified memory is pref6rably a 16 Mbit memory, The present invention thus

requires only a single memory, and thus has reduced memory requirements compared to

10 prior art designs.

The video decoding system includes transport logic which operates to demultiplex

received data into a plurality of individual multimedia streams. The video decoding

system also includes a system controller which controls operations in the system and

executes programs or applets. The' video decoding system 'further includes decoding

15 logic, preferably MPEG decoder logic, which performs motion compensation between

temporally compressed frames of a video sequence during video decoding or video

decompression. The memory includes a plurality of memory portions, including a video

frame portion for storing video frames, a system controller portion for storing code and

data executable by the system controller, and a transport buffer for storing data used by

20 the transport logic.- The MPEG decoder logic preferably includes' a. memory controller

which couples to the 'single unified memory., Each of the transport logic, system-

controller, and MPEG decoder logic accesses the single unified memory through the

memory controller.

The.video decoding system implements various frame memory saving schemes,

25- such as compression or dynamic allocation, to reduce the required amount of frame store

meor~Alo i neeboien,the memory is not required to store reconstructed

frame data during motion compensation, thus considerably reducing the required amount

of memory for this function. Alternatively, the memory is only required to store a portion

of the reconstructed frame data. These savings in memory. allow portions of the memory

30 to also be used for transport and system controller functions.
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The present invention thus provides a video decoding system with reduced

memory requirements.
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Brief Description of the Drawings

A better understanding of the present invention can be obtained when the

following detailed description of the preferred embodiment is considered in conjunction

with the followingdrawings, in which:

5 ~Figures/illustrates a computer system which perfor msvideo decoding and which

includes a -motion compensation logic having a frame memory which stores reference

block data /co n to the present invention;
Figur2 is "block diagram illustrating the computer system of Figure 1;

Figurp is a block diagram illustrating an MPEG decoder system including a

10 unified memory for MPEG transport, system controller, and decode functions according

to the present invention;

FiueFigur "'is a block diagram illustrating the MPEG decoder logic in the system of

Figure "illustrates various frame memory saving schemes used in various

'15 embodimentg of theinventio n"',

Figure 7 and 6b ,Austrate A table listing the memory partitions under'different

display schemes

Figure 7 illustrates the relationship of memory bandwidth vs. memory size in the

NTSC decoding s leme;

20 Figure 811llustrates the relationship of memory bandwidth vs. memory size in the

PAL encoding scpimze;

Figure,9 illustrates the memory partitions according to the preferred embodiment of
the invention; ,f

Figure 1011lustrates the estimated memory bandwidth distribution in the preferred

25 embodiment of the invention;

Figure I I illustrates the "worst case" relationship of processing power vs.

memory size in the NTSC decoding scheme;

Figure 12 illustrates the clock domains in the system;

Figure 1~3 1illustrates clock operating frequencies according 'to the preferred
30 embodiment of the invention;
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Figure 1 illustrates an example of the packet data interface between the transport

controller and the so tce decoder; and

Figure 1 illustrates packet header formats used in the preferred embodiment.
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Detailed Description of the Preferred Embodiment

Video Compression System

Referring now to Figure 1, a system for performing video decoding or

5 decompression and including a unified memory. according to the present invention is

shown. The video decoding system of the present invention includes a. single unified

memory which stores code and data for the transport, system controller and MPEG

decoder functions. This simplifies the design and reduces the memory requirements in

the system.

10 As shown, in one embodiment the video decoding or decompression system is

comprised in a general purpose computer system 60. The video decoding system may

comprise any of various types of systems, including a computer system, set-top'box,

television, or other device.

The computer syntomn 60 Is preferably coupled to at media storage unit 62 which

15 stores digital video files which are to be decompressed or decoded by the computer

system 60. The media storage unit 62 may also store the resultant decoded or

decompressed video file. In the preferred embodiment, the computer system 60 receives

a compressed video file or bitstream and generates a normal uncompressed digital video

file. In the present disclosure, the term "compressed video file" refers to a video file

20 which has been compressed according to any of' various video compression algorithms

Which use motion estimation techniques, including the MPEG standard, among others,

and the term "uncompressed digital video file" refers to a stream of decoded or

uncompressed video.

As shown, the computer system 60 preferably includes a video decoder 74 which

25 performs video decoding or decompression operations. The video decoder 74 is

preferably an MPEG decoder. The computer system 60 optionally may also, include an

MPEG encoder 76.. The MPEG decoder 74 and MPEG encoder 76 are preferably adapter

cards coupled to a bus in the computer system, but are shown external to the computer

system 60 for illustrative purposes. The computer system -60 also includes software,
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represented by floppy disks 72, which may perform portions of the video decompression

or decoding operation and/or may perform other operations, as desired.

The computer system 60 preferably includes various standard components,

including one or more processors, one or more buses, a 'hard drive and memory.

5 Referring now to Figure 2, a block diagram illustrating the components comprised in the

computer system of Figure 1 is shown. It, is noted that Figure 2 is illustrative only, and

other computer architectures may be used, as desired. As shown, the computer system

includes at least one processor 80 coupled through chipset logic 82 to a system memory

84. The chipset 82 preferably includes a PCI (Peripheral Component Interconnect)

10 bridge for interfacing to PCI bus 86, or another type of bus bridge for interfacing to

another type of expansion bus. In Figure 2, MPEG decoder 74 and MPEG encoder 76 are

shown connected to PCI bus 86. Various other components'may be comprised in the

computer system, such as video 88 and hard drive 90.

As.mentioned above, in the preferred embodiment of Figure I the computer

15 system 60 includes or Is coupled to one or more digital storage or media storage devices.

For example, in the embodiment of Figure I, the computer system 60 couples to media

storage unit 62 through cable 64. The media storage unit 62 preferably comprises a

RAID (Redundant Array of Inexpensive Disks) disk array, or includes one or more CD-

ROM drives and/or one or more Digital Video Disk (DVD) storage'units, or other media,

20 fior storing digital video to be decompressed and/or for storing the resultant. decoded

video data. The computer system may also include one or more internal RAID.arrays,

CD-ROM drives and/or may couple to one or more separate Digital Video Disk (DVD)

storage units. The computer system 60 also may connect to other types of digital or

analog storage devices or media, as desired.

25 Alternatively, the compressed digital video file may be received from an external

source, such as a remote storage device or remote computer system. In this embodiment,

the computer system preferably includes an input device, such as an ATM (Asynchronous

Transfer Mode) adapter card or an ISDN (Integrated Services Digital Network) terminal

adapter, or other digital data receiver, for receiving the digital video file. The digital
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video file may also be stored or received in analog format and converted to digital data,

either externally to the computer system 60 or within the computer system 60.

As mentioned above, the MPEG decoder 74 in the computer. system 60 performs

video decoding or'video decompression functions. As discussed further below,. the video

5 decoding system includes transport logic which operates to demultiplex received data into

a plurality of individual multimedia streams. The video decoding system also includes a

system controller whidch controls operations in the system and executes programs -or

applets comprised -in the stream. The video decoding system further includes decoding

logic, preferably MPEG decoder logic, which performs motion compensation between
10 temporally compressed frames of a video sequence during video decoding or video

decompression. The video decoding system of the present invention includes a single

unified memory which stores code and data for the transport, system controller and

MPEG decoder functions. This simplifies the design and reduces the memory

requirements- in the system. The MPEG decoder 74 thus performs functions with

15 improved efficiency and reduced memory requirements 'according to the present

invention.'

It ig noted that the system for decoding or decompressing video data may

comprise two or more interconnected computers, as desired. The system for decoding or

decompressing videodata may also comprise other hardware, such as a set top box, either

20 alone or used in conjunction with a gendral purpose programmable computer. It is noted

that any of various types of systems may be used for decoding or decompressing video

data according to the present invention, as desired.

Figure 3 - MPEG Decoder Block Diagram

25 Referring now to Figure 3, a block diagram illustrating an MPEG decoder systemn
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comprised within this stream, as desired. The channel receiver 202 receives the coded

stream and provides the coded stream to a transport and system controller block 204.

The transport and system controller block 204 includes transport logic 206 which

operates to demultiplex the received MPEG encoded stream into a plurality of

5 multimedia data streams. In other words, the encoded stream preferably includes a

plurality of multiplexed encoded channels or multimedia data streams which are

combined into a single stream, such as a broadcast signal provided from a broadcast

network. The transport logic 206 in the transport and system controller block 204,

operates to demultiplex this multiplexed streaminto one or more programs, wherein each

10 of the programs comprise. individual multimedia data streams including video end/or

audio components.

It is noted that the MPEG stream may comprise one of two types of streams

including either a transport 'stream or a program stream. A transport streamn comprises a

188 byte stream which includes error correction and which is designed for an error-prone
15 environment. A program stream, on the other hand, is designed for an error 'free

environm6nt and this does not include error correction capabilities.

The'transport and system controller block 204 also includes a system controller

208 which monitors the MPEG system and is programmable to display audio/graphics on

the screen and/or execute interactive applets or programs which are embedded in the

20 MPEG stream. The system controller 208 also preferably controls operations in the

MPEG decoder system. In the preferred embodiment, the system controller 208'
comprises a MIPS RISC CPU which is programmed to perform system cont rol ler

functions.

The transport and system controller block 204 couples through -a memory

25. controller 211 in MPEG decoder 224 to an external memory 212,'also referred to as the

single unified memory 212. The transport logic 206 and system controller logic 208

comprised in the transport end system controller block 204 utilize the exterrial memory

212 to store and/or receive code and data. In the preferred embodiment, the external

memory 212 is a 16 MB synchronous dynamic random access memory (SDRAM).
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As shown, the transport and system controller block 204 couples to an MPEG

decoder block 222. The MPEG decoder block 222 includes an MPEG audio visual

decoder 224, as shown. The MPEG audio visual decoder 224 receives. data from the

transport and 'System controller block 204 and operates to'perform MPEG decoding to'

5 produce a decoded or decompressed signal. The visual component of the decompressed

signal is output from the MPEG A/V decoder 224 and is provided to a video encoder 226.

The video encoder 226 operates to convert the digital video -stream into a format More

appropriate for transmission or display, such as NTSC or PAL format. The video encoder

logic 226 includes digital, to analog (D/A) converters for converting the decoded digital

10 video 'stream into an analog stream. This analog video stream is then provi ded as an

output of the system as shown.

The audio component of the decoded or decompressed MPEG stream is provided

to an audio digital to analog, converter (DAC) 228. The audio DAC 228 operates to

perform digital to analog conversion on the digital audio signal output from the MPEG

15 A/V decoder 224. The resulting analog audio signals are provided as an output to the

system as'shown.

As shown, the external memory 212 is coupled to the MPEG A/V decoder'224.

The MPEG A/V decoder 224 includes a memory controller 211 which controls access to

the single unified memory 212. As noted -above, each of the transport. logic .206 and

20 system controller logic 208 comprised in the transport and system controller block 204

access the external memory 212 through the memory controller 211.

The MPEG A/V decoder 224 utilizes the external memory 2 12 in the MPEG'

decode process. Thus the MPEG A/V decoder 224 uses the same memory 212 as the

transport and system controller blocks. As is well-known in the art,'the MPEG A/V

25 decoder 224 uses the external memory 212 to store decoded reference -frames or anchor
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It is' noted that reconstruction of a temporally compressed frame during MPEG

decoding typically uses a full 16 MB of external memory. However, the MPEG decoder

system 74 of the preferred embodiment uses one or more of various methods to reduce

the amount of memory required for storing reconstructed fr-ame data. For example,

5 current prior art video decoder implementations use at [east one frame of memory to store

the reconstructed B-picture prior to display. In other words, prior art decoders require

that there be a full frame store into which to reconstruct the B frame or picture.

In one embodiment of the invention, the video decoder system 74 uses as little as

2.528 frame stores when there Is no pulldown during B-frames. In this embodiment, the

10 system uses an improved method to reduce the required amount of memory, whereby the

memory used to store the first field is used again for reconstruction as soon as that part of

the picture has been displayed. This method reduces the amount of memory needed for B-

frame reconstruction to abobut 0.528 frames. For more information on this method, please

see U.S. Patent Application Serial No. 08/654,321 titled "Method and Apparatus. for

15 Segmenting Memory to Reduce the Memory Required for Bidirectionally Predictive-

Coded Frames" and filed May 27, 1996, which is hereby incorporated by reference in its

entirety as though fully and completely set forth herein.

In another embodiment of the invention, the video decoder system 74 uses as little

as 2.75 frames when there is pulldown. In this embodiment, a method is used to reduce

20 the memory required for decoding and displaying B frames during 3:2 pull-down. This

method uses the fact that B frames are not used to predict other frames, so that once the B

frame data is retrieved for display, it may be discarded. To enable re-use of memory, data

from the top and bottom fields is separated Into different segments of mem ory. Thus, once

retrieval begins of the data in a segment, that segment becomes free for reconstruction.

25 However, this initial scheme is not completely sufficient for the top field of every other

frame during 3:2 pull-down, since the top field must be somehow made available again for

re-display. Rather than requiring additional memory to save the top field of every other

frame, the top field is reconstructed again during the period when reconstruction is typically

stalled. In this manner, the amount of memory required is reduced, and the field requiring

30 re-display for 3:2 pull-down is simply reconstructed again.. For more information on ths
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method for reducing the required amount of memory when pull-down is being performed,

please see U.S. Patent Application Serial No. 08/653,845 titled "Method and Apparatus

for Reducing the Memory Required for Decoding Bidirectionally Predictive-Coded

Frames During Pull-Down"' and filed May 27, 1996, which is hereby incorporated by

5 reference in its entirety as though fully and completely set forth herein.

The above methods used to reduce memory requirements, which are disclosed in

the above-referenced patent applications, are optimal, i.e., use the least possible memory,

where the picture is decoded only once. In another embodiment, The MPEG decoder 74

includes frame reconstruction or decoder logic which operates to reconstruct a -bi-

io directionally encoded (B) frame without requiring storage of the frame being conistructed

in the external memory 112. In this embodiment, the MPEG decoder 74 operates 'to

decode or reconstruct the frame twice, once during each field display period. Thisw

obviates the necessity of storing the reconstructed B frame data, thus reducing memory

requirements.

15 In this embodiment, the MPEG decoder system includes a picture reconstruction

unit, a picture display unit, a pointer register, and a temporary buffer (all not shown). The

picture memory 212 includes separate buffers used for anchor pictures or reference

frames (A], A2) and a rate buffer which stores the temporally compressed frame, referred

to as C. The pointer register stores the location of the first byte of the compressed picture,

20 which is stored in the rate buffer. According to this embodiment, the picture memory 212

is not required to. store data from the reconstructed frame.

The picture reconstruction unit operates to decode or reconstruct the B frame

twice, once each during a first field time and a second fleld time. The first field time

substantially corresponds to the time when the first or top field of the picture is displayed,

25 and the second field time substantially corresponds to the time when the second or

bottom fleld of the picture is displayed.

During the, first field time, compressed picture data is read from the rate buffer

into the picture reconstruction unit, where the picture is decoded. The top field data from

the picture reconstruction unit is written to the temporary buffer, and the bottom field

30 data is discarded. Afteroe slice of the picture has been decoded, the data in the
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temporary buffer is retrieved by the picture display unit and is output for display. This

process continues for the entire picture in order to display all of the first field. Thus, the

entire picture is decoded Or reconstructed, and only data from the top field is written to

the temporary buffer for display.

5 During the second field time, the same compressed picture is again read from the

rate buffer. The picture reconstruction unit again decodes the compressed picture. In the

second field time, the picture reconstruction unit writes the bottom field data to the

temporary buffer, and the top field data is discarded. After one slice of the picture has

been decoded, the data in the temporary buffer is output by the picture display unit for*

10 display. This process continues for the entire picture in order to display all of ihe second

field.

The reconstructed picture is never written to the memory during reconstruction of

B3-frames. It is also noted that the temporary buffer is 'about 32 times smaller than the

external frame store required in the best implementation of prior art methods. This

15 allows the temporary buffer to be comprised on the same monolithic substrate as the

decoder itielf.

Thetefore, in. this embodiment the video decoder system reconstructs the B-

picture twice, once in each field time.. Thig eliminates the storage requirement of the

reconstructed B-frame entirely and thus allows this memory space to be used for transport.

20 and system controller functions.

In another embodiment, the MPEG decoder system of the p referred embodiment

uses a dynamic segment allocation scheme and/or compression techniques which reduce

the external memory requirement. These memory saving techniques are discussed further

below.

25' Therefore, the video decoding system 74 includes transport logic 206 which

operates to demultiplex received data into a plurality of individual multimedia s treams.

The video decoding system also includes a system c ontroller 208 'which controls

operations in the system and executes programs or applets comprised in the stream, The

video decoding system 74 further includes decoding logic 224, preferably MPEG decoder

30, logic, performs motion compensation between temporally compressed frames of a video
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sequence during video decoding or video decompression. The video decoding system of

the present invention includes a single unified memory which stores code and data for the

transport, system controller and MPEG decoder functions. This simplifies the design and

reduces the memory requirements in the system.

5 As discussed above, prior art MPEG decoder systems include different memory

systems for the transport and system controller logic 204 and the MPEG decoder logic

224. These separate memories are required because of the separate bandwidth and

processing requirements for each memory, as well as the memory size requirements of

each block. According to the system and method of the present invention, the present

10 invention includes a single or *unified memory which is used for each of the transport and

system controller block 204 and the MPEG A/V decoder logic 224.

Figure 4 - MPEG Decoder Block Diagram

Referring now to Figure 4. a block diagram illustrating the MPEG A/V decoder

15 logic 224. in the MPEG decoder 74 which performs motion compensation according to

the presefit invention is shown. As shown, the video decoder logic 224 receives an
encoded or compressed digital video stream.and outputs an uncompressed digital video

stream. The compressed digital video stream is a bitstream of compressed video data
which is used to present a video sequence, such as a television segment or movie, onto a

20 screen, such as a television or a computer system. In the preferred embodiment, the

compressed digital video stream is compressed* using -the MPEG-2 compression

algorithm, and the video decoder 74 is thus preferably an MPEG-2 decoder. Since the

operation of MPEG decoders is well known in the art, details of their operation which are

not necessary to the operation of the present invention are omitted for simplicity.

25 As shown in Figure 3, the decoder logic 224 comprises a Variable Length Decoding

block 302 coupled to pr ovide an output.to an Inverse Scan block 304, which is coupled to

provide an output to'an Inverse Quantization block 306, which is coupled to provide an

output to an Inverse DCT block 308, which is coupled to provide an output to a motion

compensation block 310. The motion compensation block. 310 provides an output

30 comprising decoded samples. A frame store memory 212 is. coupled to the output of the
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motion compensation block 310 to receive and.store decoded frame.data. The motion

compensation block 310 is coupled to an output of the frame. storeimemory 212 to receive

reference block data from the frame store memory 212 during motion compensation.

As shown in figure 3, the Variable Length Decoding block 302 receives coded data

5 and performs variable length decoding. As is well known,,the MPEG standard provides

that data is compressed for transmission using variable length codes. Thus the Variable

Length Decoding block 302 decodes this data and produces an output, referred to .as

QFS[n]. The QFS[n]output of the Variable Length Decoding block 302 is provided to the

Inverse Scan block 304. The Inverse Scan block 304 reverses the zig zag scan ordering of

io the received data (is this right) and produces an output referred to as QF[v)[u]. the output

QF[v][u) is provided to the Inverse Quantization block 306. The Inverse Quantization

block 306 performs inverse quantization or de-quantizes the data to produce dc-quantized

data, referred to as F(v][u). The output F[v][u] of tie Inverse Quantization block 306 is

provided to the Inverse DOT block 308, which performs the inverse discrete cosine

15 transformn to convert the data from the frequency domain back to the pixel domain. The

inverse DdT block 308 produces an output referred to as f[y][x]. The output f[yl[x] of the

inverse DOT block 308 is provided to the motion compensation block 310.

The output fly][x] from the inverse DCT block 308 comprises temporally encoded.

frames of pixel data. The motion compensation block 310 decompresses the temporally

20 compressed frames using motion compensation techniques. As described'above, an MPEG

encoded stream comprises I, P and B frames. P and B frames are temporally compressed

relative to other fr-ames. P frames are temporally compressed relative to prior I or P framnes,

and B frames are temporally compressed relative to prior or subsequent I or P frames.

When a frame is temporally compressed, the frame is partitioned into mnacioblocks, referred

25 to as target blocks, and then the compression method searches in neighboring frames for

blocks which are most similar to the block being encoded. When the best fit block is found,

the respective target block is encoded by a motion vector which points to this best fit

reference block in the reference frame. The difference between the block being encoded

and the best fit block is also computed and transferred in the MPEG stream.
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Output pixel values from the motion compensation block 310 are provided to a

frame store memory 212. The frame store memory 212 is thus coupled to the motion

compensation block 310 and stores one or more reference frames of video data. These

reference frames of video data are used in performing motion compensation on

5 temporally compressed frames, such as P and B frames. In general, an MPEG stream

includes encoded 'reference- frame data which is transmitted before temporally

compressed data that depends on the prior transmitted reference frame data.. Thus,

incoming temporally encoded frame data, such as P and B frame data, comprises motion

vectors which point to reference blocks in a prior transmitted reference frame of video

i0 data, which has been stored in the frame store memory 212. The motion compensation

block-310 analyzes each motion vector from the incoming temporally compressed data

and retrieves a reference block from the frame store memory 212 in response to each

motion vector. The motion compensation block 310 includes a local memory or on-chip

memory 116 which stores the retrieved reference block. The motion compensation block

15 110 then uses this retrieved reference block to decompress the temporally compressed

data.

In th preferred embodiment, the frame store mnemory'212 is IM x 16 SDRAM,

such as Samsung KM416Sl 120AT-12, having an operating frequency of 81 MHz or 108

MHz and a burst size of 4.words. As discussed above, the frame store memory 112 is also

20. used according to the present invention to store code and data for the transport logic 206

and the system controller logic 208.

Figure 5 - Memory Saving Schemes

Figure 5 illustrates various frame memory saving schemes used. in various

25 embodiments of the invention. As shown, in European systems which do not include a

field repeat, dynamic memory segment allocation techniques are used to more efficiently

use the memory space. 'In other words, memory segments or 'areas are dynamically

allocated to minimize unused space. These dynamic memory segment allocation

techniques range from a 40 segment technique (x/2.556) to a 3.22 (3) segment technique

30 (x/2.80 1). As the memory segment size decreases, a larger amount of granularity is
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provided, and the memory can be used in a more "detailed" or specific fashion. The

dynamic allocation scheme operates to dynamically allocate segments of memory of

different size to more efficiently use the available memory and correspondingly result in

little or no un-used space.

5 In U.S. systems with field repeat, compression techniques are preferably used to

reduce memory requirements. 'These compression techniques include a "compressed

bitstream" technique and a "local Compression" technique.

The compressed bitstreamn technique operates to store frame data in its received

MPEG compressed format, inste ad of storing the. frame data in a decoded or

io decompressed format. When this compressed data is read from memory, the c6mpressed

memory is decoded or decompressed "on the fly". As shown, the compressed bitstream

technique may involve storing only one of the anchor frames in a compressed format,

storing only the B frames in a compressed format, or storing both the anchor and B

frames. in a compressed format,

The local compression technique comprises re-encodin g the decoded or

compressed bitstream,. preferably using a standard compression standard such as DPCM

or MPEG.. Thus, once frames have been decoded or reconstructed, the frame data is re-

encoded prior to storage in memory. As shown, the local compression may involve

compressing one of the anchor frames only, the B frames only, or both the anchor and B

20 frames.

Figures 6a and 6b - Memory Partitions

Figures 6A and 6B illustrate a table listing the memory partitions under different

memory reduction schemes. As shown, the table of FIG. I illustrates the memory

25 requirements for both the NTSC and PAL decoding. schemes for a standard LSI L64005

part, a method which compresses the displayed anchor frame, a method which

compresses both the anchor and the segment storing the B frame, a method which

compresses only the B frame, and a method which compresses both the anchor and entire

B frame. LSI part no. L64005 is a device produced by LSI Logic that has no memory

30 reduction for NTSC and has dynamic allocation for PAL.
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As shown, in the NTSC format using LSI part No. L64005, the frame store

memory requires 12,441,600 bits of memory for storing three full frames. The channel

buffer requires 2,864,637 bits of memory for various functions. As shown in the table,

these functions include the vbv (video buffer verifier) buffer, the video non-instantaneous

5 decode function, the video display sync function, the audio buffer, the audio-video

latency difference function, the audio-display sync function, the video transport buffer,

the audio transport buffer, and the jitter buffer ( 4 ms jitter at 15 Mbps). Each of,the

above functions collectively requires 2,864,637 bit& for the channel buffer. The packet

header overhead requires 20,000 bits of memory, the on-screen display (OSD) requires

10 675,840 bits of memory. This provides a subtotal for the software and dataI storage of

775,139 bits. The total required storage for the NTSC format is 16,777,216 bits of

memory. AS shown, the framle store and channel buffer collectively require 15,306,237

bits of memory.

As shown, the PAL decoding scheme using. L64005 is similar. As shown. the

15 PAL decoding scheme requires 12,718,080 bits of memory to store 2.556 frames of

m~emory. The channel buffer's subtotal for the PAL decoding scheme requires 3,060,847

bits of memory. The packet header overhead for the pal scheme is also 20,000 bits, and

the onscreen display requires 808,192 bits. The subtotal for software and data storage in

the PAL decoding scheme is 170,097 bits. Thus, the PAL. decoding scheme using

20 L64005 requires a total of 16,777,216 bits. As shown, for the PAL format, the frame store

and channel buffer collectively require 15,778,927 bits of memory.

As shown, when the displayed anchor is Compressed, the NTSC format requires

9,53 8,560 bits for the frame store, which is. required to store the equivalent of 2.3 frames.

The total for the frame store and channel buffer requirements is 14,208,205 bits, as well

25 as 1,873,171 bits for the software and data. For the PAL decoding scheme with a

compressed display anchor, 11,197,440 bits are required for the frame store. The frame

store and channel buffer collectively require 16,063,295 bits, and the software and data

requirement is (114,27 1). Thus, there are 114,271 bits "over budget" over a' 16Mbit

target.

KALTAI 060OU10SIO600pat.doe
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Where the anchor and the B segment ate both compressed, for the NTSC

decoding scheme, assuming 3.267 segments, the frame store is reduced to 8,718,240 bits

and is required to store only 2.117 frames. Under this method, the frame store and

channel buffer collectively require 13,447,885 bits of memory, and the subtotal for the

5 software and data requirement is 2,633,491 bits of memory. In the PAL decoding scheme

where the method compresses an anchor and segment B, assuming 40 segments, the

frame store requires 8,985,600 bits and requires 1.806 frames to be stored. This method

requires 13,851,455 bits to collectively store the frame store and channel buffer data, and

the subtotal for software and data storage is 2,097,569 bits.

10 When the memory compresses only the B frame to optimize memory itorage,.in

the NTSC format, the frame store required is. 8,570,880 bits of memory and stores an

equivalent of 2.067 frames. Under this method, the frame store and channel buffer

require a total of 11,435,517 bits and a subtotal for software and data storage of

4,645,859 bits. In the PAL decoding scheme where the B3 frame only is compressed, the

15 frame store requires 10,229,760 bits and thus stores 2.056 equivalent number of frames.

In this method, the frames store and channel buffer collectively require 13,290,607 bits of'

memory, ahd the subtotal for software and data storage requires 2,658,417 bits of

memory.

Where the system, compresses both the anchor and the B frame to optimize

20 memory, in the NTSC format, the frame store required is 5,667,840 bits of memory and

stores an equivalent of 1.367 frames. Under this method, the frame store and channel

buffer require a total of 10,337,485 bits and a subtotal for software and data storage of

5,743,891 bits. In the PAL decoding scheme where both the anchor frame and B frame

are compressed, the frame store requires 6,497,280 bits and thus stores 1.306 equivalent

25 number of frames. In this method, the frames store and channel buffer collectively

require 11,363,135 bits of memory, and the subtotal- for software and data storage
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Figure 7 illustrates the relationship of memory bandwidth vs. memory size in the

NTSC decoding scheme. The memory size on the x axis of the.graph is the memory size

required for the frame store memory aind the channel buffer. As shown, as the memory

size decreases from left to right, the required amount of memory and/or processing

5 bandwidth increases. Thus, a greater amount of memory transfer and/or processing

bandwidth is required as the memory size is reduced. Figure 7 illustrates four different

plots for each memory size, where these plots comprise 100%, 96%, and 87%, and 72%

of useable bandwidth. The various lines illustrated in the graph of FIG. 7 illustrate, the

change in bandwidth versus the.change in memory size, i.e., the Abandwidth V&Amernory,

10 which comprises the units bytes/second/bit. As shown, the optimum memory size in the

NTSC format is 13,447,885 bits.

Figure 8_- Memory Bandwidth vs. Memogy Size in the NTSC Decodiiig Scheme

Figure 8 illustrates the relationship of memory bandwidth vs. memory size in the

15 PAL decoding scheme. As with Figure 7, the memory size on the x axis of the graph is

the memoiy' size required for the frame store memory and the channel buffer. As shown,

as the memiory size decreases from left to right, the required amount of memory and/or

processing bandwidth increases. Thus, a greater amount of memory transfer and/or

processing bandwidth is required as the memory size is reduced. Figure 8 also illustrates

20 four different plots for each memory size, where- these plots comprise 100%, 96%, and

87%, and 72% of useable bandwidth. The various lines illustrated in the graph of FIG. 8

illustrate the changg in bandwidth versus the change in memory size, i,e., the Abandwidth

/Asmemory, which comprises the units bytes/second/bit. As shown, the Abandwidth/

Amcmory peaks at 13,851,455 bits, which is the optimum memory size in the PAL

25 format.

Figure 9 - Memory Partitions

Figure 9 illustrates the memory partitions of the external memory 212 for each of

the NTSC and PAL encoding formats according to one embodiment of the invention.

3o Figure 9 illustrates the number,of bytes of memory size allocated for different purposes in
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the unified memory 212, including number of bits for video frames, the vbv buffer, the

video decode buffer, the video-display synch buffer, the audio buffer, the audio-video

latency buffer, the audio-display synch buffer, the transport buffer, the jitter-buffer, the PES

header overhead memory, the OSD, and the system controller code and data storage. It is

5 noted that Figure 9 illustrates the memory partition according to one embodiment of the

invention, and it is noted that the memory 212 may be allocated differently, as desired. As

shown, the memory size requirement are substantially comparable. In this example, the

NTSC format use s 10,583,248 bytes for storing video frames, and the PAL format uses

10,790,608 bytes for storing video frames.

10

Figure 10 - Decoding Memory Bandwidth

Figure 10 illustrates the estimated memory bandwidth distribution in the preferred

embodim ent of the invention for the NTSC and PAL formats. Figure .10 illustrates the

estimated memory bandwidth distribution using the memory partition embodiment of -

15 Figure 9. The estimated memory bandwidth distribution shown in Figure 10 presumes a 16

X 1 MB SDRAM running at 100 MHz, wherein bandwidth.is available at 200 MB per

second. This memory bandwidth distribution also presumes a requirement of 20 Mbytes

per second for code and data executed by the system controller 208 in the transport and

system controller block 204. As noted above, the system controller 208 is preferably a

20 MIPS RISC CPU. As shown, the NTSC scheme requires 160.19 MB per second

bandwidth, whereas the PAL decoding scheme requires 157.18 MB per second of

bandwidth. The bandwidth requirements for each of the NTSC and PAL formats are

substantially comparable with the exception that the NTSC format requires a greater

amount of memory bandwidth for the channel in/out function than does the PAL format.

25

Figure 11I - Processing Power vs. Memory Size (NTSC)

Figure 11 illustrates the "worst case" relationship of processing power vs.

memory size in the NTSC decoding scheme. In Figure 11, dhe lines represent available

cycles per macroblock for a decoder operating at 27 to 216 lMz. The bars represent the

30 required cycles per macroblock reconstructed for I to 4 cycle/coefficient throughput. For

X:XLNLS1\0160M\LS1Q160p&t.doa
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example, a 100 MHz decoder can operate with 13,447,885 memory paints at I and 2-

cycle/coefficient throughput only (not the slow 4-cycle/coefficient). However, as shown,

the processing power tends to increase as the memory decreases in size from 13,447,885

bytes to 11,435,517 bytes. The 11,435,517 and 19,337,485 memory points require a large

5 amount of processing power, and thus even 216 MHz processing speed is not sufficient

with 2-cycle/coefficient throughput.

Figures 12 and 13 - Clock Domains

Figure 12 illustrates the clock domains in the' system, i.e., the various possible

10 clock rates for the external memory 212 according to one embodiment of the Invention.

The video decoder system in the preferred embodiment includes a Source decoder which

operates at. 27 Megahertz. The source decoder clock frequency of 27 Megahertz is

required according to modern video encoding schemes. However, current memory

operating frequencies are not designed for video applicati ons, i.e., are not designed to

15 operate at multiples of 27 MH-z. As shown,'the memory 212 operates near multiples of

this source decoder frequency such as 50 MHz or 100 MHz.

Figure 13 illustrates clock operating -frequencies according to the preferred

embodiment of the invention, In this embodiment, the external memory 212 is SDRAM or

other suitable memory operating at 108 MHz, or a higher multiple. As shown, the transport

20 and system controller block 204 preferably operates at either 54 MHz or 108 MHz. The

source decoder 224 preferably also- operates at 54 MHz or 108 MHz. Thus, as shown in,

FIG. 13, in the preferred embodiment the memory and hardware elements operate at

multiples of the 27 MHz required clock frequency, i.e., either 54 Megahertz or 108-

Megahertz.

25

Figure 14 - Packet Data Interface

Figure 14 illustrates an example of the packet data interface between the transport

and system controller block 204 and the source decoder 224. As shown, the transport and

system controller block 204 and the source decoder. 224*commnunicate 16 bit transmission

30 data, referred to as TD[15:0], in a bi-directional manner. The transmission data signals

K:\L\LSI\01600\tSIO) 600pat.doc
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TD[15:0] comprise a data bus for transmitting data between the transport and system

control logic 204 and the source decoder 224. The transport and system controller block

204 provides a transmission data output enable (TDOE) signal which is provided as an

input to the source decoder 224. The transport and system controller block 204 also

5 provides a new packet word (NPW) signal as an input to the source decoder 224. The

source decoder 224 provides two outputs to the transport and system contr oller block 204,

those being a data chain hold (DCIH) signal, which isa wait cycle request, and a TRDY

(transmission ready) signal which indicates that the logic is ready for a new packet.

l0 Figure 15 - Packet Header Formats

Figure 15 illustrates packet header formats used in the preferred embodiment. As

shown, different packet header values are used to indicate a reset, a general data read, a

general data. write, a video stream write, and an audio stream write. The general data read

and, general data write packets each include fields for word count and address..

15

Conclusion

Therefore, the present invention comprises a video decoder system and method

which includes a single unified memory for MPEG transport, decode, and system

20 controller functions. This reduces the required amount of memory, thus simplifying

system design and reducing system cost.

Although the system and method of the present invention has been described in

connection with the described embodiments, it is not intended to be limited to the specific

form set forth herein, but on the contrary, it is intended to cover such alternatives,

25 modifications, and equivalents, as can be reasonably included within the spirit and scope

of the invention as defined by the appended claims.
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Claims

A (An MPEG decodersysto.m which includes a single memory for use by

2 transport, ode and system controller functions, comprising:

3(a chan receive?) f6r receiving an MPEG encoded stream;

4 transport lo c coupled to the channel receiver which demultiplexes one or more

5 m~rultimedia, data strea from the encoded stream;

6 a system controller upled to the transport logic which controls operations within

7 the MPEG decoder system;

8an MPEG decoder coupled receive one or more multimedia data streams output

9 from the transport logic, wherein the PEG decoder logic operates to perform MPEG

i o decoding on the multimedia data streams; ,d

11 a memory. coupled to the MPEG de der, wherein the memory is used by the

12 MPEG decoder during MPEG decoding operatio wherein the memory stores code and

13 data useable by the system controller which enabl the system controller to p erform

14 control functions within the MPEG decoder gystem, whe in the external memory is,used

15 by the tranisport logic for demultiplexing operations;

16 wherein the MPEG decoder is operable to access th memory during MPEG

17 decoding operations;

lBwherein the transport logic is operable to access the me mory to tore and retrieve

19 data during demultiplexing operations; and

20 wherein the system controller Is operable to access the memory to r ieve code

21 and data during system control functions.

22 2. The MPEG decoder system of claim 1, wherein the MPEG decoder

~23 includes a memory controller coupled to the memory;

24 wherein the transport logic is coupled to the memory controller and is operable to

25 access the memory through the memory controller; and

* 26 wherein the system controller is coupled to the memory controller and is operable

* 27 to access the memory through the memory controller.

SONY EX. 1002 
Page 67



1 3. The MPEG decoder system of claim 2, wherein the memory controller is

2 operable to store compressed data in the memory toTreduce memory storage requirements.

3 4. The MPEG decoder system of claim 2, wherein the mom ory controller is

4 operable to dynamically allocate 'Segments of memory space in the memory to optimize

5 memory use.

5. The MPEG decoder system of claim 1, wherein the memory stores anchor

frame data during reconstruction of temporally compressed frames.

6 6. The MPEG decoder system,of claim 1, wherein said memory has a

7 memory size which does not exceed 16 Mbit.

8 7. The MPEG decoder system of claim 1, wherein said memory includes a

9 plurality of memory portions, wherein said memory includes a video frame portion for

i0 storing video frames, a system controller portionIfor storing code and-data executable by

I I the system controller, and a transport buffer portion for storing data used by the transport

12 logic.

13

14 8. The MPEG decoder system of claim 7, wherein said memory further

15 includes a video decode buffer portion for storing decoded video data, a video display

16 sync buffer, and an on-screen display buffer.

17

19 9. The MPEG decoder system of claim 8, wherein said memory further

i9 includes one or more audio buffers for storing audio.data.

20

21 ethod for performing video decoding in an MPEG decoder system

&" 12 which includes a single mem use by transport, decode and system controller

23 functions, the -comprising:

24 receiving an MPEG encoded stream;

IC:%LLSI\OI 600\LSIO 1600pat.doc
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I demultiplexing one or more multimedia data streams from the encoded stream,

.2 wherein s emultiplexing one or more multimedia data streams from the encoded

3 stream operates usin first unified memory;

4 performing MPEG coding on the multimedia data streams, wherein said

5 perforn-Ling MPEG decoding opera using said first unified memory; anid

6 a system controller controlling rations within the MPEG decoder system,

7 wherein said controlling operations accesses e and data from said first unified

8 memory;

9 wherein said demultiplexing one or more multim data streams, said

10 performing MPEG decoding, and said controlling operations each use 'd first unified

ii memory.

12

13 It. The method of claim 10,f

14 wherein said demultiplexing one or more multimedia data streams from the

15 encoded stream includes accessing multimedia data stream data from said first unified

16 memory;
17 wherein said perform-ing MPEG decoding on the multimedia data streams

is includes accessing video frame data from said first unified memory; and

D9 wherein said controlling operations includes accessing code and data from said

20 first unified memory.

21

A The method of claim 10, wherein the MPEG decoder system includes a.

23 memory contra coupled to the first unified memory;

24. wherein said ac ing multimedia data stream- data from said first unified

25 memory comprises accessing sa multimedia data stream data through the memory

26 control ler;

27 wherein said accessing video frame data fo aid first unified memory comprises

2s accessing said video frame data through the memory contr r; and

29 wherein said accessing code and data from'said first urn memory comprises

30 accessing said code and data through the memory controller.
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1 13, The method of claim 10, wherein the MPEG decoder system includes. a

2 memory controller coupled to the first unified memory, the method further comprising:

3 the memory controller storing compressed data in th e first unified,memory to

4 reduce memory storage requirements.

5 14. The method of claim 10, wherein the MPEG decoder system includes. a

6 memory controller coupled to the first unified, memory, the method further comprising:

7 the memory controller dynamically allocating segments of memory space in the

s first unified memory to optimize memory use.

9

10 15. The method of.claim 10, wherein said first unified memory has~ a memory

* ii size which does not exceed 16 Mbit.

12A>' A video decoder system which includes a single memory for use by

&"'bl 3 transport, de de and system controller functions, comprising:

14 a ch tnneI eiver for receiving an encoded video strewn;

15 transport logic led to the channel receiver which demultiplexes one or more

16 multimedia data streamsfiro e encoded stream;

17 a system controller couple the transport logic which controls operations within

18 the video decoder system;

19 a video decoder coupled to receive or more multimedia data streams output

20 from the transport logic, wherein the video de der lo gic operates to perform 4ideo

21 decoding on the multimedia data streams; and

22' a memory coupled to the video decoder. wherein th emory is used by the video
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I rein the video decoder is operable to access the memory during video

2 decoding operations;

3 wherein the transport. logic erable to access the memory to store and retrieve

4 data during demultiplexing operations; and

5 wherein the system controller is operable to acces memory to retrieve code

6 and data during system control functions.

7 17. The video decoder system of claim 16, wherein the video decoder includes

8 a memory controller coupled to the memory;,

9 wherein the transport logic is coupled to the memory. controller and is operable to

i10 access the memory through the memory controller; and

11 wherein the system controller is coupled to the memory controller and is operable

12 to access the memory through the memory controller.

13 18. The video decoder system of claim 17, wherein the memory controller is

14 operable t6.store COMPressed data in the memory to.reduce memory storage requirements.

15 19. The video d6coder system of claim 17, wherein the memory controller is

16 operable to dynamically allocate segments of memory space in the memory to optimize

17. memory use.

20. The video decoder system of claim 16, wherein said memory has a

memory size which does not exceed 16 Mbit.

18

19

* 20
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O8/49pc

Abstract of the Disclosure

An MPEG decoder system and method for performing video decoding or

decompression which includes a unified memory for multiple functions according to the

5 present invention. The video decoding system includes. transport logic, a system

controller, and MPEG decoder logic.'The video decoding system of the present invention

includes a single unified memory which stores code and data for the transport, system

controller and MPEG decoder functions. The single unified memory is preferably A 16

Mbit memory. The MPEG decoder logic includes a memory controller which couples to

io the single unified memory, and each of the transport logic, system controller and MPEG

decoder logic access the single unified memory through the mem .ory controller. The

video decoding system implements various frame memory saving schernds, such as

compression or dynamic allocation, to more efficiently use the memory. In one

embodiment, the memory is not,required to store reconstructed frame data during B-

15 frame reconstruction, thus considerably reducing the required amount of memory for this

function. ',Alternatively, the memory is only required to store a portion of the

reconstructdd frame data. In addition, these savings in memory allow portions of the

memory to also be used for transport and system controller functions. The present

invention thus provides a video decoding system with reduced memory requirements.

20
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PATENT
5201-01600

DECLARATION AND POWER OF ATTORNEY P29

As a below named inventor, I hereby declare that:

My residence, post office and citizenship are as stated below next to my name.

I believe I am the original, first and sole inventor (if only one name is listed below) or the below named
inventors believe they are the original, first and joint inventors (if plural names are listed below) of the subject
matter which is claimed and for which a patent is sought on the Invention entitled "MPEG Decoder. System and
Method Having a Unified Memory for Transport, Decode and System Controller Functions," the
specification of which:

X Is'attached hereto.
___ was filed on ________ as Application Serial No. ______

and was amended on ________.'(if applicable)

I hereby state that I have reviewed and understand the contents of the above Identified sppciflcation,
including the claims, as amended by any amendment referred to above.

- I acknowledge the duty to disclose to the Patent and Trademark Office all Information known to me to be
material to patentability of the subject matter claimed in this applicatdon,,as "materiality" is defined in Title 37,
Code'of Federal Regulations, §1,56.

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any -foreign
application(s) for patent or inventores. certificate listed below and have also identified below any foreign application
for patent or inventorescertificate having a filing date before that of the application on which priority is claimed:

PRIPR FOREIGN APPLICATION(S) Priority
Claimed

N/A
(Number) (Country) (Date Filed)

N/A
(Number) (Country) (Date Filed)

Yes/No

Yes/No

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s)
listed below and, Insofar as the subject matter of each of the claims of this application Is not disclosed in the prior
United States application In the manner provided by the first paragraph of Title 3 5. United States Code, § 112, 1
acknowledge the duty to disclose all information known to me to be material to the patentability of the subject
matter claimed in this application, as "materiality" is defined In Title 37, Code of Federal Regulations, § 1.56. which-
become available between the filing date of the prior application and the national or PCT international filing date of
this application:

N/A
(Application Serial No.) (Filing Date) (Status)

I hereby declare that all statements made of my own knowledge are true and that all statements made an
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful falsea statements and the like so made are punishable by fine or Imprisonment, or both, under Section 100 1 of
Title IS of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.,

Page 1 of 2
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The Assignee hereby r 'es any previous Powers of Attorney and ar- Kevin P. McAndrewsj keg.
No.,14,496, David Gj ursol, I 4o,.2Lijnd Franklyn C. Weiss, Reg.'N_J41 each said attorneys being
employed by LSI Logic Corporation; and Kevin L. Daffer, Reg. No. 4 J6.13B. Noll Kivlin, Reg. No.J 92,Jeff
C. Hood, Reg. No. j,, -rlc B. Meyertons, Reg. No.J.AAU6 and David A. Rose, Reg. No._Z2.22L.each said
attorneys being members or associ ates of the firm of Conley, Rose & Tayon, P.C., as attorney or agent for so long
as they remain with such'company or firm, with full power of substitution and revocation, to prosecute the
application, to make alterations and amendments therein, to transact all business In the Patent and Trademark OffIce
I connection therewith, and to receive the Letters Patent.

Please direct all communications as follows:

leffrey C. H-oodA
ConjoX. Rose & jayonjP.C.

Houston, Texas 77253-3267
Ih(12703-1246

Inventores Full Name: Kwnk

(First)
.Kit

(Initial)
Chil ,

(Last)

Invent&rs Sigpature: (X~AAAA 7th7 Date: /u g,
Country of Residence: U A Citizenship: U S A
Post Office and Residence Address: 1j7-VNAwI'!L~Z~S-i /Og £ LAI

(Include number, street name, city, 'state and zip codeT
CAt44L- CA

*1
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FORM RTO-1595 JA W
1-3 -92- 01ff

To (he Honorable Commisslonor of Patent$ and Trademarks. I

1. Name of conveying party(les):

Kwok Kit Chou . .? hedE1 5 L
Additional namne(s) o iqpry h e

~s1996 J

3. Naturwof Conveyance:

AasIlgnment e

ElOther
Execution Date: November 11, 1996

'ange of Name

.22-1997 . U.S. DEPARTMEN~T OF*.COM

Patent and Tradema iOfj

MaQ~269erS-

2. Name and address of receiving party(ies): ,748 6
Name: LSI LogIc Corporation

Internai Address: ___________________________

Street Address: 1551 McCarthy Boulevap%~

City Mlyllaq State CAr ZI 95035

Additional name(s) & address(es) attached? yes Yes

C> I

IERC!'fice5,

4. Application number(s) or patent numb6r(s);
If this document Is being filed together with a new application, the execution date of this application Is: Novemberl13, 1996

A. Patent Application No.(s) B. Patent No.(s)- 70205 U.S.: PTO

Additional numbers attached?7I11 Yes No
___________________________________011i21197

5, Name L.nd address of patty to whQm correspondence
concrnig dcumnt soul bemaied:6. Total number of applications and patents Involved: 1

Name: Jeffrey C. Hood'

Internal Address: Conley, Moa1 TWyn, f.C.

Street Address! P.O. Box 3267

city Houston State TX ZIP 77253-3267 ________________________________

7. Total fee (37 CFR 3.4 1): ................ $ 40.00

LEnclosed
ElAuthorized to be charged to deposit account

I, Deposit waount number.,
(Atlach it OmplIppiq copy ofi IFPoll 14In ig by *0011it1a00Y00)

DO NOT USE THIS SPACE

9. Statement and Signature.

To the beaitof(my knowledge and b*lief, theforegoing Watfrmationis I true and correct and any attached copy Is a true copy of the original document.

Jeffrey C. Hood 111( 1Y
Name of Person Signing Sigfur~ O

Total number of pages comprising cover sheet: 2

LOMB No. 065 1.011 (exp.4/94)
"IF
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P . 2889D2, P'74826

ASSIGNMENT 50-10

For Good And Valuable Consideration, the receipt.and sufficiency of which is hereby acknowledged, we dhe undersigned,

Kwok Kit Chou do hereby sell, assign and transfer to-LS1 LOGIC CORPORATION, a corporation of Delawa re, having a place of
business at 1551 McCarthy Boulevard, Milpitas, California 9503S, ("Assignee"), Its successors, assigns, and legal representafives, the

entire right, title and interest for the United States and all foreign countries, in and to any and all inventions and improvements which
arc disclosed in the application for.United States Letters Patent,

(X) which has been executed by the undersigned concurrently herewith,
( ) which was filed on 19 and assigned Serial No.______

and i entitled "MPEG Decoder System and Method Having a Unified Memory for Transport, Decode and System Controller
Functions,", and in and to said application and all divisional, continuing, substitute, renewal, reissue and all other applications for
Letters, Patent which have been or shall be filed In the United States and all foreign countries on any of said improvements; and in and
to all original'and reissued patents, whic h have been or. shall be issued In the United States and all foreign countries on said.
Improvements; and in and to all rights of priority resulting from the filing of said United States application; aild

Agree that said Assignee may apply for and receive Letters Patent for said improvements in its own name; and that, when requested,
without charge to, but at the expense of, said Assignee, its successors, assigns and legal representatives, to carry out in good faith the
intent and purpose of this Assignment, the undersigned will execute all divisional, continuing, substitute, renewal, reissue, And all
other patent applications on any and all said improvements; execute all rightful oaths,' assignments, powers of attorney and other
papers; communicate to said Assignee, its successors, assigns, and representatives, all facts known to the undersigned relating to said
Improvements and the history thereof, and generally do everything possible which said Assignee, its successors, assigns or
representatives shall consider desirable for aiding in securing and maintaining proper patent protection for said improvements and for
vesting title to said improvements and all applications to patents and all patents on said Improvements, In said Assignee, Its
successors, assigns and legal representatives; and

Covenant with said Assignee, its successors, assigns and legal representatives that no assignment, grant mortgage, license, or other
agreement affecting the righits and property herein conveyed has been made to others by the undersigned, and that fuWl right to convey
the same as herein expressed Is possessed by the undersigned.

Name; -~~'F'Date:- 1/IM
Kwok Kit Chau

Witness Signature: Date:___________

Printed Name (Witness):

Page 1 of I
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IN IRE UN32 STATSFATENTIADMRMADEM&MKo cz
In re Application of:§ Atty. Dkt. No.: 5201;;.0160

Kwok K. Chau§

Serial No. 08/748,269 §C.

Filed: November 13, 1996.

For: MPEG Decoder System and
Method Having a Unified Memory
For Transport Decode and System
Controller Functions

INKOBMATION 1218CLO§URE STAIEMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir-.

Applicant requests consideration of El theI references listed on the attached hrm PTO-

1449 and/or 5L the additional information identified below in paragraph 3. A copy of each

reference listed on the Form PTO-1449 is enclosed.

1 . This Information Disclosure Statement is submitted:

a. within 3 months of the filing date of the above identified application, or
within 3 months of entry into National stage prosecution of an International
application, or before the mailing date of the first Office Action on the
merits, and thus no certification and/or fee is required.

b. C after the events of above paragraph la and prior to the mailing date 'of a
final Office Action or Notice of Allowance, and thus:

El the certification of paragraph 2 below is provided, gr

-1-

wlihth u...Podtal ServicesIi-cutlm I Inia
envelopes addremad to., Aubtmat '~dftmiPbmr -ti'tOds.,
Wadgm h edbM

Date ~ V ~ 4
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Ela fee of $230.00 is enclosed'.

C. 0 after the, maling date of a final Office Action or a Notice of Allowance and
prior to payment of the issue fee, and thus:

Dl the certification of paragraph 2 below is provided, md4
El a Petition and fee of $130.00 are enclosed.

2. It is-hereby certified:

0l that each item of information contained in'this Information Disclosure Staterrwnt
was cited in a communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of the Statement, or

El that no item of information contained in the Information Disclosure Statement was
cited in a communication from a'foreign patent* office in a counterpart 'foreign
application or, -to the knowledge of the person signing the certification after
making reasonable inquiry, was known to any individual designated in § 1.56 (c)
more than three months prior to the filing of the Statement.

3.'~ Consideration of the following additional information (including -any co-pending or
abanidoned U.S. applications, prior uses and/or sales, etc.) is requested:

U..S. Patent Application Serial No. 08/772,442 (5201-01700)
U.S. Patent Application Serial No. 08/667,100 (5201-02700)

4. For each non-English language reference listed on the attached Form PTO-] 449:

Elreference is made to an English language translation submitted herewith, and/or

C3 reference is made to a fortign patent office search report (in the English la nguage)
submitted herewith, and/or

El reference is made to an English language translation of a foreign patent office
search report submitted herewvith, and/or

El reference is made to the concise explanation contained in the specification of the
present application at page(s)~ and/or

El reference is made to the'concise explanation set forth below:

5. Applicant also offers the following comments for the Examiner's 'consideration:

6. E Also enclosed is a copy of a foreign search report citing these references.

-2-
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7. E] The listed documents were brought to the attention'of the Applicant(s) after
payment of the issue fee in the captioned case. The documents were cited in *a
communication from a foreign patent office in a counterpart foreign application
not more than three -months prior to the filing of this Information Disclosure
Statement. Applicant(s) request this Information Disclosure Statement and*
attached Form PTO-1449 be placed in the file of the captioned application.

8. El Applicant(s) requests that the Information Disclosure Statement 'and attached
Form PTO-1449 and references, which are being filed before the grant of the
patent and pursuant to 37 C.F.R. j 1.98(i), be placed in the file of the captioned
application.

If any required fees'are missing, the Commissioner is authorized to charge said* fees to

Conley, Rose & Tayon, P.C. Deposit Account No. 03-2769/5201-01600/JCH. A duplicate copy

of this sheet is enclosed.

Respectfully submitted,

Jeffrey C. Hood
Reg. No. 35,198
Attorney for Applicant(s)

CONLEY, ROSE & TAYON, P.C.
P. 0. Box 3267.
Houston, Texas 77253-3267
(512) 476-1400

K\\A" 1600\16io61di. pto.jakdoo

-3-
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Title:

Document Date:

Page(s):

List of References cited by applicant and considered by examiner

1997-09-18

All
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UINITED STATES DEPARTMENT OF COMMERCE
Patent and Traudemark Office
Address: CINISD~ONER OF PATENTS AND TRAITIVARKS

Washingwon. D.C. .20231

SERIAL NUMBEI--FIWNG DTEFIRBI NMED INVENTOR ATTORNEY DOCKET NO.

I!,,fA

EXAMINER

ART UNIT PAPER NUMBER

DATE MAILED: L./J1fiE

This Is a communication from the examiner In charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

i This application has been examined E Responsive to omrmunIcalion filied on__________ E This action (a made final.

A shortened statutory period for response to this action Is set to expire month(s).,_____days from the date of this letter.

Failure to respond within the'pertod for response will cause the9 application to become abandoned. 35 U.S.C. 133

Partil THE FOLLO WINO ATTACHMENT(S) ARE PART OF THIS ACTION: 7

1. [0 Notice of References Cited by Examiner, PTO-892. 2. ENotice of Dratmans Patent Drawving Review, PTO-048.

3. E0 Notice of Art Cited by Applicant, PTO1449. 4. Notice of Informal Patent Application, PT6152.

0. E Information on How to Effect Drawing Changes, PTO-1474. . 0 ____________________

Pa i SUMMARY O ACTION

I. Claim -~ are pending In the application.

Of the above, claims ' are withdrawn from consideraion.

2.0]ClIMs have been cancelied.

3. IdClalms ' 0?%-L' are aslowed.

4. Elclaeare rejected.

is.01claims are objected to.

akns ____________________________ are subject to restriction or election requirement.

Tis application has been filied wt Informal drawings under 37 C.F.R. 1.85 which are acceptaWle lor examination purposes.

0. 0 Formal drawings are required In response to this Office action.

9. EJ The corrected or substitute drawlAngs have been received on ____________ Under 37 C.F.R. 1.84 these drawings
are E3 accplable; 03 not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-940).

10. E[]The proposed additional or substitute sheet(s) of drawinge, filed on________ has (have) been E3upproved by the

examiner; 0 disapproved by the examiner (see explanation).

11. 0 The proposed drawing correction, filed -has been E3 approved; C1 disapproved (see explanation).

12.0 Acknowledgemnent Is made of the claim for priority under 35 U.S.C. I110. The certified copy has 03 been received 03 not been received
13 been fliled Int parent application, nerial no. ________ _; fled on__________

13. [ Since this application ap*pare to be in condition for allowance except for formal matters, prosecution as to the merits is dosed In
accordance with the practice under Ex pneOuayle, 1935 C.D. 11 453 O.d. 213.

14.0 Other

EXAMINER'S ACTION
PYOL-M 0(Rev. 2W03)
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Serial Number: 08/748,269 -2-

Art Unit: 2772

Part III DETAILED ACTION

Dra ings

1. This application has been filed with informal drawings which

are Acceptable for examination purposes only. Formal drawings will

be required when the application is allowed.

SpecifIcatlon

2. The disclosure is objected to because of the following

informali.ties:

The Applicant is respectfully requested to provide the U.S.

Patent Application Serial Numbers and their updated status as

listed at page 1 of the present.application.

Appropriate correction is required.

Claim Rejections 35 US .12

3. Claims 12 is rejected under 35 U.S.C. 112,.second paragraph,

as being indefinite for failing to particularly point out and

distinctly claim the subject matter which applicant regards as the

invention.

As per. claim 12, the terms 11said accessing multimedia data

stream data" (lines 3-4), "said accessing'video frame data" (lines

6-7) lack clear antecedent basis.
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Serial Number: 08/748,269 -3-

Art Unit: 2772

Concl.usiona

4. Any response to this action should be mailed to:

Commissioner of Patents and Trademarks

Washington, D.C. 20231

or fazed to:

(703) 308-9051, (for formal communications in tended for entry)

Or:

(703) 305-9724 (for informal or draft commun ications, please label "PROPOSED"

or "DRAFT")

Hand-delivered responses should be brought to Crystal Park 11, 2121 Crystal Drive, Arlington.

Vk, Sixth Floor (Receptionist).

5. Any inquiry 'concerning this communication' or earlier
commnunications from the examiner should be directed to Cliff N. Vo
whose telephone number is (703) 305-9594. He can normally be
reached Monday-Friday and alternate Monday from*8:00amn-5:30pm.

If attempts -to reach .the examiner are unsuccessful, the
examiner's supervisor, Heather Herndon, can be reached at (703)
305-9701. The fax pbione number for this Group is (703) 305-9724.

Any inquiry of a'general nature or relating to the' status of
this application should be directed to the Group 're cept ionisat whose
telephone number is (703) 305-3800.

QJkL v
Cliff N. Vo
May 4, 1998
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- I~EUNITED STATES

Filed: November 13, 1996
Inventor(s):

Kwok Kit Chau

*Tte:MP6 ecode Sstem
and Method Having a
Unified Memory for
Transport Decode and
System Controller
Functions

Examiner: Cliff N, Vo
GroupOAM Unit: 2772

Kj 2 2

PATENT AND) TRADEMARK OFFICE

Atty. Dkt- No-,: 5201-01600

I hereby coffyi~ that Ibis cresieanace is belnl depoitted with
The United States Poft% Service u First CIiMWl iIn an envelqwe
addressed to Asistant Comumika for PtNt% WAShMOton,

DC 2023 1, on the. date Indlecad below.

el-l

AMENDMENT

Assistant Conimissioner for Patents
Washington, D.C. 20231

Dear Sir:

In response to the Office Action mailed May 11, 1998, pleaseamn e

applicationas follows-,

IN THE SPECIPICATION:

At page 1 line 13, please de tc 4 27" an d in 28 -- therefor. .'

At page 1 line 17, please doe/toe "27" and in7rt --28-- therefor.

At page -1 line 19, please del/ee the blank line and ins(rt -.08/689,300-- therefor.

At page 1 line 19, please dete "System and Method" and in;er --Method and

Apparatus- therefor, c nt hrfr

At page 1 line 20, please de/t"7t and lnet-8--.hrfr

LUDO lW6MO~tI0 6-eid1. doe

co

7:2

I Age,
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IN THE CLAIMS:

Please amend the claims as follows:

1. (Amended) An MPEG decoder system which includes a single memory for use.

by transport, decode and system controller functions, comprising:

a channel receiver for receiving an MPEG encoded stream;

transport logic coupled to the channel receiver which demultiplexes one or more

multimedia data streams from the encoded stream;

a system controller coupled to the transport logic which controls operations Within

tho MPEG decoder system;

an MPEG decoder coupled to receive one or more multimedia data streams. output

from the transport logic, wherein the MPEG decoder [logic] operates to perform MPEG

A decoding on the multimedia data streams; and

a memory coupled to the MPEG decoder, wherein.the memory is used by the

MPEG decoder during MPEG decoding operations, wherein the memory stores code and

data useable b , the system controller which enables the system controller to perform

control funct ions within the MPEG decoder system, wherein the [external] memory. is

used by the transport logic for demultiplexing operations;

wherein the MPEG decoder is operable to access the memory during MPEG

decoding operations;

wherein the transport logic is operable to..access the memory to,store 'and retrieve

data during demultiplexing operations; and

wherein the system controller -is operable to access the memory to retrieve code

and data during system control functions.

10. (Amended) A method for performingvie decoding in an MPEG decoder

system which includes a single memory for use by transport, decode and system

controller functions, the method comprising:

A receiving an MPEG encoded stream;

7 KVA\LSftJOi-0J,.O6-amdJ.doc2
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demultiplexing one or more multimedia data streams from the encoded'stream,

wherein said demultiplexing one or more multimedia data streams from the encoded

stream operates using a first unified memory;

performing MPEG decoding on the multimedia data streams, wherein said

performing MPEG decoding operates using said first unified memory; and

a system controller controlling operations within the MPEG decoder system,

A wherein said controlling operations accesses code and data from said first unified
memory;

wherein said demultiplex.ing one or more multimedia data streams, said

performing MPEG decoding, and said controlling operations each use said first unified

memory.

12. (Amended) The method of claim (10] 11, wherein the MPEG decoder system

includes a memory controller coupled to the first unified memory;

wherein said accessing multimedia data stream data from said first unified

memory comorises accessing said multimedia data stream data through the memory

A controller;
wherein said accessing video frame -data from said first unified memory

comprises accessing said video frame data through the memory controller; and

wherein said accessing code and data from said first unified memory comprises

accessing said code and data through the memory controller.

16. (Amended) A video decoder system which includes a single memory for use

by transport, decode and system controller functions, comprising:

a channel receiver for receiving an encoded video stream;
A transport logic coupled to the channel receiver which. demultiplexes one or more

multimedia data streams from -the encoded stream;

a system controller coupled to the transport logic which controls operations within

the video decoder system;

K;ALUROI 60OV91-0 I6-ndl,doo

3
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a video decoder coupled to receive one or more multimedia data streams output

from the transport logic, wherein'th video decoder [logic] operates to perform'video

decoding on the multimedia data streams; 'and

a memory coupled to the video decoder, wherein the memory is used by the video

decoder during video decoding operations, wherein the memory stores code and data

useable by the system controller which efiables the system controller to perform control

functions within the video decoder system, wherein the [external] memory is used by the

transport logic for demuitiplexing operations;
wherein the video decoder Is operable to access the memory during video

decoding operations;

wherein the transport logic is operable to access the memory to store and retrieve

data during demultiplexing operations; and

wherein the system controller is operable to access the memory to retrieve

code and data during system control functions.

KA~LUA01S\O60MA-016-andl.doc

A'
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REMARKS

Applicant is in receipt of the -Office Action mailed 5/11/98. Claims 1. - I I and 13

-20 were alowed. Claim 12 was rejected for an antecedent basis problem.

Applicant has amended the specification to' update' the status of the patent

applications incorporated by reference. Also, Applicant has amended claim 12 to Correct

the antecedent basis problem. Applicant has also amended certain of the claims to

correct typographical errors.

In- view of the above amendments, Applicant submits that all clairns are

allowable.

If any fees are inadvertently omitted oroverpaid, the Commissioner is authorized

to charge or refund said fees to Conley, Rose,& Tayon, P.C. Deposit Account No. 03-

2769/5201-01 600/JCH.

Respectfully submitted,

Reg. No. 35,198
ATTORINEY FOR APPLICANT(S)

Conley, Rose & Tayon, P.C.
P.O. Box 398
Austin, TX 78767-0398
Phone: (512) 476-1400

Date ______

K:\L\JLSI\016OV~si-016-tundl.dor.
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oateinto,. JSPTO Paten
Appkatior; revai (PAR) svsten

recorm *';v.usto.gov

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

SL ", LNUMPER, FILINO,IATE *. * FIRPT NAMED APPLICANT -- j.ATTOflNFY DO5KET. 40.
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I' *~' *''

* ,-. i'.~:,.l>. '3

EXAMINER

ART UNIT I PAPER-NUMBER

DATE MAILED:

NOTICE OP ALLOWASILITY

PARTI'T
1. '1This communication in reaponsive to

W, AIl the claims being allowable. PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED In this application. If not Included
hor*with (or previously malted). a Notice Of Alowance And Isu FeDuis or' other appropriate communication will be sent In due

3.cQrurso.-.O A
3. he allowed claims are

4. C1 The drawings fliled on ________________ are acceptable.

6. 0 Acknowledgment Is made of. the claim for. priority under 36 U.S.C. 119. The. certified copy has 1-1 been received.(- not been
received. 1-1 been tiled In parent application Serial No.-.filied on _________________

6. 0 Note the attached Examiners Amendment.
7. 0 Note the attached Examiner Interview Summary Record. PTOL-4 13.
8. 1: Note the attached E xeminer's Statement ot Reasons for Allowance.
9. V'Nole the attached NOTICE OF REFERENCES CITED. PTO-892.

10. 0i Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART III.
A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the.requirements noted below Is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" Indicated on this form. Failure to timely comply wili result In the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1. 136(a).

1. El Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION. PTO-152. which discloses that the oath
~ror declaration io deficient. A SUBSTITUTE OATH OR DECLARATtON IS REQUIRED.

2. RAPPLICANT MUST MAl,KE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE 6109
0THIS PAPER.

a. 1Drawing Informeiitl s are, Indicated on the NOTICE RE PATENT DRAWINGS. PTO-948. attached keo 'krp to Paper No.
'N .CORRECTION IS REQUIRED.

b. 0 The proposed drawing correction Iliad on_____________ has been approved by the examiner. CORRECTION IS
REQUIRED.

C. 0 Approved drawing corrections are described by the examiner In the attached EXAMINER'S AMENDMENT. CORRECTION ISJREQUIRED
d. Formal drawings are now REQUIRED.

Any respo nse to this' letter should Inlude In the upper right hand corner, the following Inormaion from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER. DATE OF THE NOT ICE OF ALLOWAN'CE. AND SERIAL NUMBER.

Alachmentai
- ExernIner's Amendment
- Examiner Interview Summary Record. PTOL- 413
- Reasons fof Allowance

)I(Notice of References Cilad. PTO892
-Information Oiecosure Citation. PTO. 14 49

-Notice of Informal Application, PTO- 152
-Notice r* Patent Orawings. PTO-949
-Listing of Bonds(I Orellimen

Other

PHU K. NGUYEN
PRIMARY EXAMINER

.GROUP 2400

PTOL-37 (REV. 409) *

(AwOF)h
ts=ST COPY

SONY EX. 1002 
Page 122



U.S. PATENT DOCUMENTS

* DOCUMENT NO. DATE NAME CLASS' SUBCLASS

A 4P o/ fqr e;0Lp f) gj c-, 4 a

DI

El

F

G

H

IK

ILI

FOREIGN PATENT DOCUMENTS
* DOCUMENT NO. DATE COUNTRY NAME CLASS SUBCLASS

NJ

0

P

NON-PATENT DOCUMENTS
*DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE

U

v

w

X

U.S. Patent and Trademwkul Office
PTO-892 (Rev. 9-96)

A copy of this reference Is not being funished with this Office acion.
(See Manual of Patent Examining Procedure, Section 707.05(a).)

Part of Pape No._ ___

-U.8, 6PO. 1997-417-381162700O
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UNITED STATE3,k ;PARTMENT OF.COMMERCEPatent and Trademark Office

NOTICE OF ALLOWANCE AND ISSUE FEE DUE'

* APPLIOATIONNO.- IIGDAE- TTL LI . EMAMINER AND GROUP ART UNT- DATE MAILED

* rtr;/~ 2i? I 1:i3/ 1 I020 t vo), C '27 72 01R/023fi/911

FFrot Namewd [1 1 , 1*'
Applicant

TITLE OF -P.0
INVENTION 111P'.0 tj [.'C~c'1ihev 'crE A D HAl11-C' mVING3 A ULIFI1ED' MEMORFRr:'C RANE!FW

A TWO' DOCKET NO. CLA8841,113RAiS BATCH NO. ,APPLN. TYPE -SMALL ENTITY FEE DUE DATE DUE

~.I?1 .lgI,V~l ).! ~I-:?1.C-13C t.24 IJT IL. ITY I0,10 $13210.I)ib 1 /0./ i

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATE

THE ISSUE FEE MUST BE PAID WITIN nffl9XMQXM5FROM THE MAILING DATE OF-THIS.NOTCE OR Ti
APPLICA TION SHALL BE REGARDED AS ABANDONED. T= ETJ.A nlEWQY ffX=QA=Z: AtD1KE.aI

HOW TO RESPOND TO THIS NOTIE:
. Review the SMALL ENTITY statue shown above..
It the SMALL ENTITY Is shown as YES, verify your
current SMALL ENTITY status:

A. If the status Is changed, pay twIce the amount of the
FEE DUE shown above and notify the Patent and
Trademark Office of the change In status, or

B. If the status Is the same, pay the FEE DUE. shown
above.

If the SMALL ENTITY Is shown as NO:.

A. Pay FEE DUE shown above, or

B. File verified 6tatement of Small Entity Status before, oi
payment of 1/2 the FEE DUE shown above.

FNT.

r wlth

Il. Part B-Issue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even Ithe ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and returned. If you are charging the ISSUE FEE to your deposit account, section '14bw of Part
B-issue Fee Transmittal should be completed and an extra copy of the form should be submitted.

111. All communlcations regarding this application must give application numbher and batch number.
Please direct ol['communIcations prior to Issuance to Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents Issuing an applivations filed on or after Dew. 12, 1980 mayrequirepsymen
maintenance fees. It Ia patenteesa responhiblity to ensure timely payment of malatenanz
fees when due.

I . -1.PATENT AND TRADEMARK OFFICE COPY
PTOL-05 (REV. 100) ApproW tofrume through "Ve0. (0651-0W33)

*U6 8GPO. IOUd3 43SIS0 123
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BEST COPY

Complete,and maili this form, together with applicable fees,

iTSB-ISSUE*-FEE*TRASMITTAL.--*--

zISSUE FEE 1 .

malsstant ComWaseloner for Patents S.1019
Washington, D.C. 20231 j ~ ]

"IUNG INSTRUCTIONS., This form should be used for transmitting the ISSUE FEE. Mlocks I NI h etfct fmiigblwcnayb sdfrdmsi
through 4 should be completed where appropriate. An furtlhercorresponldence Including the Issue Fee malings of the issue Fee Transmtal. This certirmcte cannot be used
Receipt, the Patent, advnce orders and notification of maintenmnce fees will be mailted to the cul rort for any other accompanying papers. Each additiordl paper, suchasan
correpondmnce address as Indicated unless corrected below or directed otherwise In Block 11, by (a) assignmrent orformul drawing, must have fis own ceirlficulaoffafiling.
specifying a new correspondence address; andlor (b) Indlicating a separate 'FEE AWARESS for Criiaeo aln
rnainioence fee notIlfleallons. crfaeo aln

CURRENT CORRE11PONDENCE ADDRESS (NoM: Leiqt*ynaw" tpAh aoonfdaoer un Blinka I) 1 hereby cerIly thal this Issue Fee Trnmilleal Is being deposited with
teUnited States Posiall Service with sufficient postage for firtlaml01

WPM ~mal in anrenvelps addessed to theSBox Isme Fee addrss above or

U SNen'LNV~f the date Indicated below.

:K i( ''.'~~. i'."fl'iOCT 2 6 1996
jMARIA.KOVACS . Oioees

APPLICATION NO. PILING DATE . TOTAL CLIM -EXAMINER AND % M T UNIT DAIS MAILED

Applicant K i

TITLE OF 1j" ., 1

ATYS DOCKET NO. CLAMO-UDCLA39 BATCH NO.j APPL.N. Type r SMALL ENTITY FEE DUE DATE DUE

1. Chang of oorrepondnce ddresofndloalon of Fee Addree (37 CFR 1303). 2. Forpitihng on thepatent ront page, list +00
Us fPTO form(s) adCsoe ubraercmedd i itrqie. ()the names ofup to3egistereid patent lConleyi Roe & ayon

attorneys or aget OR,;ulternatively, (2)
~JChange of correspondencostsdrss (or Chiange of Correspondmos, Address form the name of assIngle firm (having as aHoo

PTO/SDIVI 9) attached. member.a registered attorney or agent) gJeffreyC.Ho
'FeeAdd.srIndletln (r "P. Adres' Iadistin Ia PT~~4) ~and the nlames of up to 2 regitered patent

0 'F Admlr r-Aoalon (r 'ee Adr* Inicaton orm TO/014) atachd. torneysor agents. if no name is lsted, no
name will be printed. 3-_____________

8. ASSIGNEE NAME AND RESIDENCS DATA TO BE PRINTED ON THE PATENT (print or type) 4a. The followilingtees are enciosed (make caec payable to Commtrisioner
PLEASE NOTGo Unless ea aseIgnes I dentified below, no assignse date will appear on the patert. of Patents and Trademarks):
Inclusion of assIgnee data Ia only approplate when an assignmant has been previously submitted to issuie Fee
the PTO or Is being sLkmtted under separate cover. Comapeton of this form is NOT a aubelitue for i( n
filing an assignment. IPAdvance Order - of Copies
(A) NAME OF .ASSIGNEE LSI Logic Corporation

4b. The following feese or deficiency In fthesfeefse shoulddbe charged to:
(0) RESIDENCE; (CITY& STATE OR COUNTRY) Milpitaes CA DEPOSIT ACCOUNT NUMBER 12-2252
Please check the appropriate assignee category Indicated below (will not be printed on the peant) jk(ENCLoE A XR OYO ilOM
o windusl iciparallan or other pftvae group entity '0 govemnment IS' AdVancoe Order-# of Copies 10 (ten)

The OOMMISSIONER OF PATE4TB AND TRAQEMAAKS 10 requsteto apply the loomueeu to the application Identified above.

SandleeR Jazal Res, 43,331 c37 21,198.0842.
NOTE; The Issue Fee wil o4nd from anone otherithan tie applicat; a regitemed attorney 10/27/9% CONDYT OWEO IM ' 0874s269
or agent; or the anignes or other party In Interest as shown by the records of the Patent and
Trademark Offlae.
Bur*n Hour Staonil:This foam Is estimated to take 0.2 hewrs to cornplete. Time will vary
depending on the needs of the Individual cae. Aycommentson the amountof Unerequred 641.c; p'3, 20 .. t)
to complete this form ahould be sent to the Chief I nformation Officer, Patent and Trademark -' '~

Office, Wa' shington, D.C. 2031. DO NOT BEND FEES OR COMPLETED FORMS TO THIS ~3.6 A
ADDRESS. SEND FEES AND THIS FORM TO. Box Issue Fee. Asslistart Commissioner for
Patents, Washingtn D.C. 20231

Under the Paperwork Reduction Act of 1996, n&persons are required to respond to a collection
of Information unless It displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE
PatW ofid Trodgmark Offlao; UA DEPAMUENT OF COMMLIRCRPML45aiREV.10-M) Appmved for m thmugh 06MM9. OMB 08514M
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Ptems.typo a plus sign ()Insido Iis box Approvdoruse through 6W31M,OME1 010 5+F+P amd ond Trademark Offmc: U.S. DEPARTMENT OF COWWARCE+
Under the Paperori Reduction Act of 1995 no persons are isquliJ i6 respond le a colection of Information unless ft dispoas
valid VMIDconrol numbwr.

POWER OF ATTORNEY OR
AUTHORIZATION OF AGENT,

NOT ACCOMPANYING
APLCATION

Ithereby appoint:

El Practitioners at Customer Number

OR
IVI Practitloner(s) named below: -

PlcustomerLZIiIZ] 1- Number Bar Code

Name Regiatration Number

DAVID PURSEL 2,W
RALPH VESELI 33,807
WAYNE DAILEY 34,289
DAVoDLUCENTE 3,0
BRUCE HOPENFELD 397T14
SANDEEP JAGI 43,331

as my/our attorney(s) or agent(s) to prosecute the application Identified above, and to transact
all business In the Patent and Trademark Office connected therewith.

Please change the correspondence address for the above-identifled application.to:

SThe above mentioned Customer Numb*

OR ___________________
I'i Firm or LS1 LOGIC CORPORATION

Address 11681 McCarthy Blvd., MS: D.106

Address Patent Law Department

city MILPITAS State CA ZIP 95035

Country USA

Telephone 40"-43.8IFax -408.433-7770

l am the:
WApplicant

SAssignee of Record of the entire Interes
Cerfifcate tinder 37 CFR 3.73(b) Is enclosed

Burden Hour Sluternft This formlsesaftled to Iuke 0.2 hours to complete. Tim. wAIlvary depending upon the needs of the Individual coew.
Any comments on tho lWte Vou are requIred to complete this form shomld be seNt to the ChIforaioeln OMfcer, Nbreil and Tredeomad Office,

+Washington, 00 20231. DO NOT SEND FEES OR 0OWLITED FORM TO THIS ADDkP60. SEND TO: Assisnt commssioner for Petunia,

Flfg Date November-13, 1995

First Named Inventor Kwok Kit Chau

Group Art Uniit .2772

Examiner Name. P. Va

Atarneaekel,t 52014016001 P.2692
nitu Fa wwi
'Nilm6w -1 - mmmwo

aptJSPTOqiten
ADolicat i itali.PAIR).systor

1ADDlIcation Number 061748.250

I
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Tappactint,r reva PAlqq to
Oate into-,!- SPTO Paten,

recormi, -1;vv.usplo.gov

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Ig rl ApRlication 9f:
Kwok Kit Chau

o8/n48,269

November 13, 1996

MPEG Decoder System And
Method Having A Unified Memory
For Transport Decode And System
Controller Functions

5201-01600 / P-2892

I lh* =91Y thtthisoeomaugwolmsisbeins d*cwiwthewU.S. Poutal
Semice am FhA Clas MaillIn an envelope addresedto; Assitant Commisiomc
for Fatun, Washir4on DC. 202331, on the date Indicatuldbelow

MAFiBa KOVWn

Date

SUBMISSION OF FORMAL DRAWIN~GS PURSUANT TO 37 C.F.R. 1.85

OMcial Draftsman

Assistant Commissioner o f Patents
Washington, D.C. 20231

Sir:

1~IE%I~

~

Applicant hereby substitutes the enclosed formal drawings for those presetI in the above referenced
application.,I

Respectfully submitted,

LSI Logic Corporation
1551 MOCarthy Blvd., MS D-106 S d a 7
Milipitas, CA 9503 5
408/954-4923SAnepag&

Date:Oct .211998Reg. No. 43,331f

Pape I of I

79

EOLL

2772

Vch P.

sipnature

Group j&rt Unit :,
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RFUIAI PLJURIFA l I 1 hJIPAmE FIR13T NAMED lAPPUC2ANT
UMIL UMt" rlmu UI rom , Fwm pwww"-

I . .- I
I.I ArONEY CKT NO.

7 4 1 426 9 EXAMINER

VIIT WTY .r FIN1PAPER NUMBEt_

.. l~FRE:Y CIIOD
ROSE'l.tY - & TAYCIN

p 0: SOgX 326.7-
W1L~ll',7CII,Jrx 77253- 3267

DATE MWE9? "

11/25/99.

This Is In response to the Power of Attorney filed __________________________

0 1. The Power of Attorney to you In this application has b FOVOKedby the applicant. Future correspondence will
be mailed to the new address of record. 37 CFR 1.33.

2hePower of.Attorney to you In this application has been revoked by the assignee who has Intervened
as provided by 37 CFR 3.71. Future correspondlence will be mailed to the new address of record. (37 CFR 1.33).

O 3. The withdrawal as attorney In this applioation has been soopted. Future oorrespondence will be mailed to the
new address of record. 37' CFR 1 .33.

Tis Isacommunrcpn fo
Patent and Trademark Oftie

4. The Power of Attorney In this application Is acocepted. Correspondence In 'this applicatio n will be mailed to the
below-noted address as provided by 37 CFR 1.33.

Sl . The Power of Attorney In this application Is not accepted for the reason(s) checked below:
EJ a. The Power of Attorney is from an assignee and the Certificate required by 37 CFR 3.73 (b) has not been

received.

1b. The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee.

o] c. The inventor(s) Is without authority to appoint attorneys since the asaIgnee has Intervened as provided by
37. CFR 3.71.

O] d. The signature of a co-Invenlor In this
application, has been omitted. The ow;er of Attorney will be entered upon receiptroffconfirmation signed
by said co-Inventor,.

E] e. Theperson(s) appointed In the Power of Attorney Is not registered to practice before the U. S. Patent &
Trademark Office.

Cf. The revocation Is not signed by the applicant, the assignee of the entire Interest, or gol particular principal
attorney having the authority to revoke.

~IA-':ilG:i C'O;i:RP(ARAT 1ION
IV5 ~3-JIICCARTHY EBL.V[.,. , MG:
PA~TEN iT LAW DEPARTME'NT

L;-1106

FORMPTO-30 (RE. 759)RETAIN THIS COPY IN

Patent and Tradeffark OMie

THE APPLICA,riON FILE COPY A

UNITED STATL)APARTMENT OF CORWERCE
Patent andTraclemork Oft*c
Adfm,* COMMISSIONER OF PATENTS AND TRADEMARKS

WuNf0m,n D.C. 20231

I I / 10/96 CHALI

BEST COPY

'FORM PTOL-305 (REV. 7/89)

AWOIN

oft df
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