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US005870087A

Unlted States Patent [19] (1] Patent Number: - 5,870,087
Chau » 451 Date of Patent: - - Feb. 9, 1999
[54) MPEG DECODER SYSTEM AND METHOD [57] ABSTRACT

HAVING A UNIFIED MEMORY FOR L

TRANSPORT DECODE AND SYSTEM An MPEG decoder system and method for performing video

CONTROLLER FUNCTIONS decoding or decompression which includes a unified

memory for multiple functions according to the present

[75] lnventor: Kwok Kit Chau, Los Altos, Calif. invention. The video decoding system includes transport

logic, a system controller, and MPEG decoder logic. The

[73] Assignee: LSI Logic Corporation, Milpitas, video decoding system of the present invention includes a

) Calif. single unified-memory which stores code and data for the

transport, system controller and MPEG decoder functions.

[21] Appl. No.: 748,269 * The single unified memory is preferably a 16 Mbit memory.

. . The MPEG decoder logic includes a memory controller

.[22] Filed: Nov. 13, 1996 which couples to the single unified memory, and each of the

[51] TNt CLE oo GO6T 13/0p  ransport 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
[56] K References Cited reconstructed frame data duri)[,]g B—frameqreconstruclion,
U.S. PATENT DOCUMENTS thus considerably reducing the required amount of memory
for this function. Alternatively, the memory is only required

(52]
[58] Tield of Search ...

s 345/302
. . 345/302, 418;
707/101 102, 103, 104

g’ggg’gg fl)ﬁgg?/ gals:; e alt' [ g:gggg to store a portion of the reconstructed frame data. In
,692, oldberg et al. . s P : RPN
5.767,846  6/1998 Nakamura et al. ......... T 34spop  Addition, these savings in memory allow portions of the
. memory to also be used for transport and system controller
Primary Examiner—Phu K. Nguyen o functions. The present invention thus provides a video
Assistant Examiner—Cliff N. Vo i e decoding system with reduced memory requircmems.
Attorney, Agent, or Firm—Conley, Rose & Tayon; Jeffrey C. ’
Hood ) 20 Claims, 16 Drawing Sheets
y K Y
222 |mmmm—m=—s 1
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1

MPEG DECODER SYSTEM AND METHOD
HAVING A UNIFIED MEMORY FOR
TRANSPORT DECODE AND SYSTEM-
CONTROLLER FUNCTIONS

INCORPORATION BY REFERENCE

The following references are hereby incorporated by
reference.

The ISO/IEC MPEG specification referred to as ISO/IEC ‘

13818 is hereby incorporated by reference in its entirety.

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
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-
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
Codecs with Minimal Memory” and filed Aug. 8, 1996 now
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

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. )

2. Description of the Related Art . .

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
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.¢., motion video, using the temporal
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 -

cosine transform (DCT). 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
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 of still images rather
than video, JPEG compression is used in some motion video

15
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60

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.

In contrast to compression algorithms for still images,.

most video compression algorithms are designed to com-

65

2

press full motion video. As mentioned above, 'video com-
pression 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
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.
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 (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 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-1 and MPEG-2. The MPEG-1 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-1 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 (I) 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.
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 1 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.

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,

5,870,087

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, maich 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 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 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. This process
divides the macroblock into four sub blocks, seeking out
changes in color and brightness. Human perception is more
sensitive to brightness changes than color changes. Thus the
MPEG algorithm devotes 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. Spa-
tial compression is achieved by considering the frequency
characteristics of a picture frame. Each frame is divided into
non-ovcrlapping ‘blocks, and cach block is transformed 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 account the sensitivity of the human visual
system (HVS)} to the frequency. Since the HVS is more
sensilive 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 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 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.
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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,
motion compensation is performed on the frame using the
prior decoded 1 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 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
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
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
a plurality of individual multimedia streams. An MPEG
decoder 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
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
controller functions. 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 require-
ments for the transport and system 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 amount of memory 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
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
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
heretofore not been possible to combine the. memory
required for the transport and system controller functions
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 requirements and

hence reduced cost. '

SUMMARY OF THE INVENTION

The present invention comprises an MPEG decoder sys-
tem and method for performing video decoding or decom-
pression which includes a unified memory for multiple

SONY EX. 1002
Page 25



5,870,087

5

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 lransport logic Wthh
operates o 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, 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 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, 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 required
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 prov1des a video decoding
system with reduced memory requirements.

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
following drawings, in which:

FIG. 1 illustrates a computer system which performs
video decoding and which includes a motion compensation

logic having a frame memory which stores reference block

data according to the present invention;

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

FIG. 3 is'a block diagram 1lluslrat1ng 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 dlagram illustrating the MPEG decoder
logic in the system of FIG. 3; .

FIG. 5 illustrates various frame memory saving _scbemes
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;
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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;

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 Vvs. memory size in the NTSC decoding
scheme;

FIG. 12 illustrates the clock domams in the system;

FIG. 13 illustrates clock operating frequenmes according
to the preferred embodiment of the invention;

FIG. 14 illustrates.an example of the packet data interface
between the transport controller and the source decoder; and

FIG. 15 illustrates packet header formats used in the
preferred embodiment. '

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
Video Compression System .

Referring now to FIG. 1, a system for performing video
decoding or 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 sim-
plifies the design and reduces the memory requirements in
the system.

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.

The computer system 64 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
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 1o any of various video compression
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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
video decoder 74 which performs video decoding or decom-
pression 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 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
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-
prised 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
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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
ds 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. For 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) slorage 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
compuler 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-
_pression functions. As discussed further below, the video
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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
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.

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-

-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
cach 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
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
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
MPEG decoder system. In the preferred embodiment, the
system controller 208 comprises a MIPS RISC CPU which

~ is programmed to perform system controller functions.

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
compulers, 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
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The transport and system controller block 204 couples
through a memory 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 and system
controller block 204 utilize the external 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). .

As shown, the transport and system controller block 20
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 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 video stream into an analog stream. This
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
converter (DAC) 228. The audio DAC 228 operates to
perform digital to analog conversion on the digital audio
signal output from the MPEG A/V decoder 224. The result-
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ing 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 system controller logic 208 com-
prised in the transport and system controller block 204
access the external memory 212 through the memory con-
troller 211.

The 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 and
system 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 thé external memory 212 to store a portion or
all of the reconstructed frames.

Reconstructed Frame Data Memory Saving Schemes

1t 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
syslem 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 of 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
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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 réconstruction is typically stalled. In this
manner, the amount of memory required is reduced, and the
“field requiring re-display for 3:2 pull-down is simply recon-
structed again. For more information on this method for
reducing the required amount of memory when pull-down is

55

60

65

10

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,
which is hereby incorporated by reference in its enurety 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 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.
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.

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 (A1, 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, 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 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
corresponds to the time when the second or bottom field of
the picture is displayed.

During the first field time, compressed plcture data is read

from the rate buffer into the piclure 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 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 o
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.

Durmg the second field time, the same compresscd pic-’
ture is again read from the rate buffer. The picture recon-
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
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
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.
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.
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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
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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, onlo a
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.

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 samiples. 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
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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 thé 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 de-quantized data, referred to as F[v][u]. The output
F[v][u] of the Inverse Quantization block 306 is provided 1o
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 fly][x].
The output fy][x] of the inverse DCT block 308 is provided
1o the motion compensation block 310.

The output fy][x] from the inverse DCT block 308
comprises temporally encoded frames of pixel data. The
motion compensation block 310 decompresses the tempo-
rally compressed frames using motion compensation tech-
niques. As described . above, an MPEG encoded stream
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
témporally compressed relative to prior or subsequent I or P
frames. When a frame is temporally compressed, the frame
is partitioned into macroblocks, referred 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.

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
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
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

"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-
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 1IMx16 SDRAM, such as Samsung KM416S1120AT-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 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 Savmg Schemes

FIG. § illustrates various frame memory saving scheme%
used in various embodiments of the invention. As shown, in
European systems which do not include a field repeat,
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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 efliciently 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, the
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, 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 frames.

FIGS. 6a and 6b—Memory Parlitions

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 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. LST part no.
L64005 is a device produced by LSI Logic that has no
memory reduction for NTSC and has dynamic allocation for
PAL. .

As shown, in the NTSC format using LSI part No.
164005, 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 display
(OSD) requires 675,840 bits of memory. This provides a
subtotal for the software and data storage of 775,139 bils.
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
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12,718,080 bits of memory to store 2.556 frames of memory.
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 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 9,538,560 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
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-
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
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’
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.

When the memory compresses only the B frame to
oplimize memory storage, in the NTSC format, the frame
slore 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 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 bulfer collectively
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
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 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
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
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
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, ie., the
Abandwidth/Amemory, which comprises the units bytes/
second/bit.'As shown, the optimum memory size in the
NTSC format is 13,447,885 bits.
FIG. 8—Memory Bandwidth vs. Memory SlZc in the NTSC
Decoding Scheme

FIG. 8 illustrates the relationship of memory bandwidth
vs. memory size in the PAL decoding scheme. As with FIG.
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

10
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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. 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
change in bandwidth versus the change in memory size, i.c.,
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
PAL format. .
FIG. 9—Memory Partmons

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
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

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
requirement are substantially comparable. In this example,
the NTSC format uses 10,583,248 bytes for storing video
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frames, and the PAL format uses 10,790,608 bytes for

storing video frames.
FIG. 10—Decoding Memory Bandwidth

FIG. 10 illustrates the estimated memory bandwidth dis-
tribution in the preferred embodiment of the invention for

50

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
_distribution shown in FIG: 10 presumes a 16x1 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
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-
width requirements for each of the NTSC and PAL formats
are substantially comparable with the exception that the
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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. 1n FIG. 11, the lines represent available cycles per
macroblock for a decoder operating at 27 to 216 MHz. The
bars represent the required cycles per macroblock recon-
structed for 1 to 4 cycle/coefficient throughput. For example,
a 100 MHz decoder can operate with 13,447,885 memory
points at 1 and 2-cycle/coefficient throughput only (not the
slow 4-cycle/coefficient). However, 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/coeflicient throughput.

FIGS. 12 and 13—Clock Domains ,

FIG. 12 illustrates the clock domains in the system, i.c.,
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
according to modern video encoding schemes. However,
current memory operating frequencies are not designed for
video applications, ie., 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 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 and system controller block 204
preferably operates at either 54 MHz or 108 MHz. The
source decoder 224 preferably also operales 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.

FIG. 14—Packet Data Interface

FIG. 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 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
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 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 controller block 204, these being
a data chain hold (DCH) signal, which is-a wait cycle
request, and a TRDY (transmission ready) signal which
indicates 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 indicale 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.
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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 forth herein, but on the contrary, it is intended to
cover such alternatives, modifications, and equivalents, as
can be reasonably included within the spirit and scope of the
invention as defined by the appended claims.

1 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 uséable 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 loglc for demulhplex-
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.,
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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
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
an on-screen display buffer.

9. The MPEG decoder system of claim 8, wherein said
memory further includes one or more audio buﬂers for
storing audio data.

10. A method for performing video decoding in an MPEG
decoder system which includes a single. memory for use by
transport, decode and system controller functions, the
method comprising:

receiving an MPEG encoded stream;

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, wherein said controlling opera-
tions accesses code and data from said first unified
memory;

wherein said demultiplexing one or more multimedia data
streams, said performing MPEG decoding, and said
controlling opeérations each use said first unified
memory.

11. The method of claim 10,

wherein said demultiplexing one or more multimedia data
streams from the encoded stream includes accessing
multimedia data siream data from said first unified
memory;

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

wherein said controlling operations includes accessing

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

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
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
system includes a memory controller coupled to the first
unified memory, the method further comprising:

the memory controller storing compressed data in the first

unified memory to reduce memory storage require-
ments.

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 menﬁory controller dynamically allocating segments

of memory space in the first unified memory to opti-
mize memory use.
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20.

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

15. The method of claim 10, whercin said first unified wherein the system controller is operable to access the

memory has a memory size which does not exceed 16 Mbit. 5 ; A

“16. A video decoder system which includes a single memory to retrieve code and data during system control
memory for use by transport, decode and system controller functions. .
functions, comprising: : ) 17. The video decoder system of claim 16, wherein the

a channel receiver for receiving an encoded video stream; video decoder includes a memory controller coupled to the

transport_logic coupled to the channel receiver which 10 memory; _
demultiplexes one or more multimedia data streams wherein the transport logic is coupled to the memory
from the encoded stream; controller and is operable to access the memory

a system controller coupled to the transport logic which through the memory controller; and
c.onlrols operations within the ‘vxdeo decoder syslemi 15 wherein the system controller is coupled to the memory

a v1d¢9 decoder coupled to receive one or more mul.n- controller -and is operable to access the memory
medla' data streams output from the transport lqglc, through the memory controller.
wherein the video decoder operates to perform video . . . .
decoding on the multimedia data streams; and 18. The video flefzoder system of claim 17, wherein tl?e

. . memory controller is operable to store compressed data in

a memory coupled to the video decoder, wherein the 20 .

. memory is used by the video decoder during video tbe memory .to reduce memory storage .requlrements..
decoding operations, wherein the memory stores code 19. The video decoder system of claim 17, wherein the
and data useable by the system controller which ~ memory controller is operable to dynamically allocate seg-
enables the system controller to perform control func- ments of memory space in the memory to optimize memory
tions within the video decoder system, wherein the 25 use. ' : '

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. The video decoder system of claim 16, wherein said

_ memory has a memory size which does not exceed 16 Mbit.
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Inventor:

Incorporation by Referehce '

The following references are hereby incorporated by reference.

The ISO/IEC MPEG specification referred to as ISOMEC 13818 is hereby
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 Requu'ed for Bidirectionally Predictive-
Coded Frames” and filed May,@'?' 1996 is hereby incorporated by reference in its entirety
as though fully and completely set forth herein. '

U.S. Patent Application Serial No. 08/653, 845 titled “Method and Apparatus for
Reducing the Memory 'chunred fggDecodmg Bidirectionally Predictive-Coded Frames
During Pull-Down" and filed May 27, 1996 is hereby incorporated by reference in its

!

08/ 699,860 . and Amar«!—u
u. S Patent Application Serial No. v titled “System-and M&thod for

Decoding B Frames in Video Codecs with Minimal Memory and filed AugustAf, 19_964 e VS -

entirety as though fully and completely set fort| herem

whose inventors are David R. Auld and Kwok Chau, is hereby incorporated by reference 59::,, 33
. ’

-

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

Field of the Invention
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 Relhted Art

" 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 nccéssary storage and transfer bandwidth. In general, different
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video coﬁpressidn methods exist for still graphic images and for full-motion ﬁideo
Intraframe compression methods are used to compress data within a still i nmage or single
frame using spatial redundancles within the frame, Interframe compression methods are
used to compress multiple frames, i.e., motion vu_i'eo, using the tgmporal redundancy

5 between the frames. Interframe compression methods are used exclusively for, motion

' video, either alone or in conjunction with intraframe compression methods. v

Intraframe or still image coﬁ;prcssion techniqués ‘genérally use" frequency domain"

techniques, such as the discrete cosine transvform (DCT). Intraframe compress:on
typically uses the frequency characteristics of a picture frame to efﬁclcntly encode a

10  frame and remove spatial redundancy. Examples of video data comp;essnon for still

' grapflié images are JPEG (Joint Photograph‘ié Experts Group) compression axid RLE (run-
length encoding). JPEG compression is a group of reiated standards that provide either
lossless (no image. quality degradation) or lossy (imperceptible to sévere degradation)
compression. Although JPEG compression was originally designed for the compreséibn

15 of still |mages rather than v1deo, JPEG compression is used in some motion video
appllcatlons 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.

In contrast to compression algoriﬁuﬁg 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. Interframe compression
involves storing only the differences between successive frames in the data file.
Interframe compression stores the entire image of & key frame or reference frame,

25  generally in a moderately corhpressed format, SuCQessive frames are compared with the
key frame, and only the differences between the key frame and the successive frames are
stored. Peﬁodically, such as when new scenes are displayed, new key frames are stored,

and subsequent comparisons begin frofn 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.c., if the video
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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 tcchniqixe are MPEG, DVI and Indeo, among others.

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

compression is a set of methods for compression and dccompression of full motion video
images which uses the mterframe and intraframe compression techniques described
above. MPEG compression uses both motion compensation and discrete cosine
transform (DCT) processes among others, and can yleld compression ratios of more than
30:1. _

The two predominant MPEG standards are referred to as MPEG-1 and MPEG-2.
The MPEG-1 standard generally concerns frame data reduction using block-based motion

compensation prediction (MCP), which generally uses temporal differential pulse i‘.od»e

‘ ‘modulation (DPCM). The MPEG-2 standard is similar to the MPEG-1 standard, but . -

includes eigens‘ions to cover a wider range of applications, including interlaced digital

_ video such as high definition television (HDTV).

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

_video sequences, the background remains relativelyistable while action takes place in the

foreground. The background may move, but large portions of successive frames in a
video sequence are redunda.nt. MPEG compression uses tﬁis inherent redundancy to
encode or compress, frames in the sequence. | .

An MPEG stream includes three types of plctures, referred to as the Intra (I)
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 fandom'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

fairly high amount of compression and are used as references for future Predicted frames.
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Thus, botil 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 pbrtidns' of the respective referencesfrmne. 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 vidéo file, the MPEG enéoder genérally'ﬁrst
creates the I frames, The MPEG encoder may compress the I frame using an intraframe
compressibn techniguc. The MPEG encoder divides respective frames into a grid of 16 x
16 pixel squares called macroblocks iﬁ order to perform motion estimation/compensation,
Thus, for a respective target picture or frame, i.c., a frafne being encoded, the encoder

15 searches for an exact, or near exact, match between the target picture macroblock and a
block in a"peighboring picture referred to as a search frame. For a target P frame the
encoder searches in a priof IorP fréme. 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 re_sp.ective taréet

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

reference picture or I frame are ignored. Thus mebamount of data that is actually stored
for these frames is significantly reduced. | v |
After motion vectors have been generated, the encoder then encodes the changes
28 using .spaﬁal redundancy, Thus, after finding the changes in locafion of the macroblocks,
the MPEG algorithm further calcuiates and encodes the difference between corresponding
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
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more effort to reducing color data than brightness.

Therefore, MPEG compression is based on two types of redundancies i in wdeo
sequonces, these being spatial, which is the redundancy in an individual frame, and
temporal, which is the redundancy between consecutive frames. Spatial compression is
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
cosme 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 account the

sensitivity of the human visual system (HVS)} 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 theventriesare 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 ar¢ scanned in a zig-zag ordering that scans the
lower frequency entries first, and the non-zero quantized valuas along thh the zero run
lengths, are  entropy encoded. ‘

When en 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-quentize the data, and the inverse DCT to
convexi 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 frameé suchas I
or P frames, these frames are decoded and stored in’ mcmory When a tempora]ly.
compressed or encoded frame is received, such as aPorB frame, 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 respectivé
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reference:block in the reference frame, and accesses the reference biock pointed to by the
motion vector from the memory.
A typical. MPEG decoder includes motion compensa'ti'on logic which includes
local or on-chip memory. The MPEG decoder also includes an external memory which
s stores brior decoded reference frames. The MPEG decoder accesses the reference frames
or. anchor frames stored in the external memory in order to reconstruct temporally
compresséd frames. The MPiEG decoder a]sr) . typically stores the frame being
reconstructed in the external memory. |
An MPEG decoder system also typically includes transport logic which opemtes
10 to demultlplex 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. ‘ o
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 frame being reconstructed Prior art MPEG video decoder -

systems have also generally included a separate memory for the transport and system
‘ contro]ler functions. It has generally not been possuble 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 systern

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 add:tlonal memory

adds considerable cost to the system. ‘
The amount of memory 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 practical memory devices are implernented
~ using particular convenient discrete sizes, it is important t o stay within a phrticular size if
possible for commercial reasons. For example, it is desired to keep the m'exﬁory
* 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 &e memory required for the tfanspoft and system controller functions With the

mcrﬁory 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 subsystém for reduced mcmbfy requirements

5 and hence reduced cost.
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Summary of the Invention
The present invention cbmprises an MPEG decoder system and method for
performing video decoding or decompression which includes a unified memory for |
multible functions according to the present invention. The video decoding system -
s includes transpbrt 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 uhiﬁcd mefmory is pref@rébly 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 includcs a system controller which controls operations in the system and
executes programs or applets. The video decoding system further includ¢s decoding

15 logic, preferably MPEG decoder logic, which performs motion compensation between
temporall):/‘compressed frames of a video sequence during video decading 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 b.y the systém 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 sihgle unified memory through the
memory controller, |

The video decoding system imploments v‘an'bua frame memory saving schemes,

25 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 duﬁng 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 toalso 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.

N KAL\LSI\01600\LSI01 600pat.doc

SONY EX. 1002
Page 46



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 following drawings, in which ‘

5 FiguresAstrates a computer system which performs video decoding and which
includes a motion compensation logic having a frame memory whxch stores reference
block data ac d/ ing to the present invention;

F:gur/ is 4 block diagram lllustratmg the computer system of Figure 1;‘
Figureﬁa4 a block diagram illustrating an MPEG decoder system including a
10 unified memory for MPEG transport, system controller, and decode functions hccording
to the present inverntion; .
Figun_:' ”i/s a block diagram illustrating the MPEG decoder logic in the system of
Figure 3; ,." |
Figure ﬁ lllustrates various frame memory savmg schemes used in various
15 cmbodlmenls{)f the invention;/”
‘ Flgqres and 6b Hlustrate 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?l{eme.
20 Figure 8 {ustrates the relationship of memory bandwidth vs. memory size in the
PAL encoding scheme ,
Figure 9/11ustrates the memory partitions according to the preferred embodiment of
the invention; J
Figure 10"xfllustrates the estimated memory bandwidth distribution in the preferred
25  embodiment of the mventxon, . | | |
Figure 11 illustrates the “worst case” relationship of proccssmg power vs.
memory size 19 thp NTSC decoding scheme;
Figure 12,'il}ustrates the ciock domains in the system; »
Figure !}‘F‘illust.vrates vclock operating frequencies according to the preferred

30  embodiment of the invention;
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Figure l/!i/llustmtes an example of the packet data interface between the transport

 controller and the soutce decoder; and ~ ~ : ‘
Fi gureyﬁ.stratés packet header formats used in the prefened embodiment.
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Detailed Description of the Preferred Embodiment

Video Compression System

Referring now to Figure 1, a sysfem for performing video decoding or
5 decompression and including a unified me:ﬁory ‘according to the present invention is
shown. The video deéoding 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 ihc memory requirements in
the system. R , ' '_ _ »

10 As showﬁ, in one embodirﬁcnt the video decoding or decompreSsion'system is
comprised in a general purpose computer system 60. The video decodihg sysiem may
comprise any of various types of systems, including a computei system, sat—top’.bo:.(,
television, or other 'device. '

The computer syatom 60 s preferably coupled to & 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 -
dccompresséd video file. In the preferred embodiment, the computér system 60 receives
a compressed video file or bitstream and generates a normal uncompressed digital video
file. In the present discl;asure; the term “compressed video ﬁlc”.refers to a video file

20  which has been compressed accordihg to any of various video compression algorithms
which use motion estimation techniques, including the MPEG standard, among othefs,
and the term “méompressed 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 aiso includes soﬁware,
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represent;ad by floppy disks 72, which may perform portions of the video decompression
or decodmg 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 ha_rd dnve 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 desiréd. As shown, the computer system
includes at least one processor 80 coupled through chil.;oset 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 lo PCI bus 86. Various other components may be compnsed in the
computer system, such as video 88 and hard drive 90. _
As mentioned above, in the preferred embodiment of Figure 1 the computer
15 aystem 60 includes or is coupled to one or more dlgital storage or media storage devices.
For example in the embodiment of Figure 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.unifs, or other xﬁedia,
20 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 intemal 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 medm 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 emBodimenl,
the computer system preferably includes an input device, such as an ATM (Asynchronous

| Transfer Mode) adapter card or an ISDN (Integrated Services Digilai Network) terminal
adapter, or other digital data receiver, for receiving the digital video file. The digital
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video fxle' 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 decodef 74 in the computer system 60 performs
video ﬂecoding 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 which 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 seqﬁcnce during video decoding or video
decompression. The video decoding system of the present invention iﬁcludes a single
unified memofy vyhich stores code and data for the traﬂsport, 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."l ' ‘ v
It i$ noted that the system for decoding or decorhpfessing video data may
comprise two or more interconnected computers, as desired. The system for decoding or -
decompressing video data may also comprise other hardware, such as a set top box, either
20  alone or used in conjunction with a genéral purpose programmable computer. [t 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 ‘nbw to Figure 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_mentloned above, in the preferred embodiment, the coded st;‘ﬁam is an MPEG

encoded stream. The MPEG encoded stream may include interactive program content
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comprisea within this stream, as desired. The channe_f "feceiver 202 receives the coded
stream and provides the coded stream to a transport and. _sj?stem controller block 204.
The transport and system controller block 204 in:c'ludes tiansport logic 206 which
opetates to demultiplex the received MPEG encoded strecam into a plurality of
5 multimedia data streams. In other words, the encoded stream preferably includes a
pluraliiy of multiplexed encoded channels or multimedia data sireams which are
combined in'to‘ 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 each
10 of .the programs compriée‘ 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 t.ransport siream or a program stream. A transpdrt stream 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 deéigned lfor an error free
enyironmént and this does not include error correction capabilities. _
The' transport and system controller block 204 also includes a system controller
208 whiéh monitors the MPEG system and is programmable to diéplay 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 syétgm. In the preferted embodiment, the system controllef 208
comprises a MIPS RISC CPU which is programmed to perform system confroﬂer
functions, . ‘ |
The transport and system controller block 204 couples through' a memdry
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 and system controller block 204 utilize the external 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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_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

- KAL\LSNO1600M.S101600pat.doc

A.s shown, the transporf and system controller block 204 couplés to an MPEG
decoder block 222. The MPEG decoder block 222 inclﬁdes an MPEG audio visual
decoder 224, as shown. The MPEG audib 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 224 and is provided to a video encoder 226.

logic 226 includes digital to analog (D/A) converters for éonverting the decoded digital
video stream into an analog stream. This analog video stream i; then‘provi'ded hs 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 6utput from the MPEG
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 acéess to
the single unified memory 212. As noted above, each of the transport logic 206 and
system controller logic 208 comprised in the trénsport and system controller block 204
access the external memory 212 through the memory controller 211.

The MPEG A/V decoder 224 utilizes the external merﬁory 212 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
decoder 224 uses the external memory 212 to store decoded reference 'framés or anchor
frames which are used during motion compensation o‘r reconstruction of temporally
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

16
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It is noted that reconstruction of temporally compressed frame during MPEG
‘decoding typically uses a full 16 MB of external memory. However, the MPEG decoder ‘
system 74 of the preferred enibodiment uses one or more of various methods to réduce
the amount of memory required for storing reconstructed framé data. For example,
5 current prior art video decoder implementations use at least one frame of memory to store
the reconstructed B-picture priox: to display. Invothcr 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 agafn 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 about 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 tildugh fully and compleiely sgt~ 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 membry, vThus, once
retrieval begins of the data in a segment, that segment becomes free for reconstruction.
25 However, this initial scheme is not completely sufﬁpicnt 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 this

17
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method fcr 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
s 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 abcve-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-

10 directionally encoded (B) frame without requiring storage of the frame being constructed
" in the external memory 112. In this embodiment, the MPEG dccoder 74 operates to
decode or reconstruct the frame twice, once during each field dlsplay penod Tlns‘
obviates the necessxty of storing the reconstructed B frame data, thus reducing memory
requirements. » |
s In this embodiment, the MPEG decoder system includes a picture reconstruction
unit, a piciure display unit, a pointer register, and a temporary buffer (Au not shown). The
picture memory 212 includes separate buffers used for anchor pictures or reference
frames (A1, A2) and a rate buffef which stores the temporally compressed frame; referred
to as C. The pointer register stores the location of the first byte of the ccmpressed 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 t1me and a second field ume 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 ﬁeld of the plcture 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 plciure reconstruction unit is written to the temporary buffer, and the bottom field

30 data is discarded. Afier one 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. _ ‘

During the second field time, the same compressed picture is égain read from the
rate buffer. The picture reconstruction unit aéain 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 daﬁa 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:

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

" field.

The recons@cted 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 frame store required in the best implementation of prior art methods. This
allows the temporary buffer to be comprised on the same monolithic sﬁbstmte as the
decoder itself. |

| The'tefore, in this eﬁbodiment the video decoder system reconstructs the B-
picture twice, once in each field time. 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.

In another embodimeni, the MPEG decoder s'ystem of the prgferred 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. '

Therefore, the video decoding system 74 includes transport logic 206 which
operates to demultiplex received data into a plurality of individual multimedia streams.
The video decodi(ig system also includes a system controller 208 which controls
operations in the system and executes programs or applets comprised in the stream, Thé

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

. logic, performs motion compensation between temporally compressed frames of a video

KAL\LSRO1600\LSI01600pat.doc
' 19

SONY EX. 1002
Page 56



scquence'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 fequirements in the system. » o

s 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 memoryvsizc fequiremeﬁts 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 v . _
Referring now to Figure 4, a block diagram illustrdting the MPEG ‘A/V decoder

15 logic 224 in the MPEG decoder 74 which performs motion éompensdtion according to
the preseﬂt 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 vidéo 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 yidéo deéoder 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 présent invention are omitted for simplicity.

25 As shown in Figure 3, the decoder logic 224 comprises a Varie;ble Length Decoding
block 302 coupled to provide an output to an Inverse Scan block 304, which is coupled to
provide an output to en 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 cc')mpensation block 310 fo receive and store decdded frame data. The motion
compensation block 310 is coupled o 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 Figure 3, the Variable Length Decoding block 302 receives coded data
s and performs variable length decoding. As is well known, the MPEG standard provides
. that data is compressed for transmission using variable iengih codes. Thus the Variable
Length Decoding block 302 decodes this data and pfoduces an output, referred to .as
QFS[n]. The QFS[n]output of the Variable Length Decoding Block 302 i's provided to the
Inverse Scan block 304. The Inverse Scan block 304 reverses the zig zag scan ordering of
10 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 de-quantized
data, referred to as.F[v][u]. The output F[i/][u] of the Inverse Quantization block 306 is
provided to the Inverse DCT block 308. which performs the inverse discrete cosine
15 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 flylix]. The output fly][{x] of the
_ inverse DCT block 308 is provided to the motion compensation block 310.
v The output fy)[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 frames. P frames are temporally compressed relative to prior I or P frames,
.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 macroblocks, referred
25 - 1o as target blocks, and then the 6ompression 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 whi& 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. A '
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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

' 1emp6rally compressed frames, such as P and B frames. In general, an MPEG stream

includes encoded reference frame data which is transmitted béfore 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 refereﬁée frame of video
data, which has been stored in the fréme store memory 212. The motion corﬁpensation
block 310 arialyzes each motion vector from the incoming temporally combressed 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
110 then uses this retrieved reference block to decompress the temporally cbmpresséd
data. - _ .

In the preferred embodiment, the frame store memory 212 is 1M x 16 SDRAM,
such as Samsung KM416S1120AT-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

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

and the system controller logic 208.

Figure S - Memory Saving Schemes

Figure 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, 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 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.

In U.S. systems with field repeat, compression techniques are preferably used to
reduce memory requirements. These compression techniques include a “compressed
bltstream” technique and a “Jocal compression” technique.

'I‘hc 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, the 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 compressed formai,
storing only the B frames in a comptessed format, or storing both the anchor and B .
frames in a compressed format | |

The local compression technique comprises re-encodmg the decoded or
compresseq 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 mdy involve
compressing one of the anchor frames only, the B frames only, or both the anchor and B
frames.

Figures 6a and 6b - Memory Partitions

Figures 6A and 6B illustrate a table listing the memory partitions undér different
memory reduction schemes. -As shown, the table of FIG. 1 illustrates the meniory
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 compre'sscs both the anchor and entire
B frame. LSI part no. L64005 is a device produced by LSI Logic that has 1o memory
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,
H o these functions include the vbv (video buffer verifier) buffer, the video non-instantaneous

5 decode Ifunction, the video display sync function, the audio buffer, the audio-vidgo
latency difference function, the audio-display sj'nc function, the video tranéport 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 memdry, the on-screen display (OSD) requires

| 10 675,840 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 frmﬁe store and channel bﬁffer collectively require' 15,306,237

bits of memory. '

‘ As shown, the PAL decoding séheme using: L64005 is similar. AS shown the
15 PALvdecoding scheme requires 12,718,080 bits of memory to store 2.556 frames of

. memory. The channel buffer’s subtotal for the PAL decoding scheme reqﬁires 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 usiﬁg

20  L64005 requires a total of 16,777,216 l?its. As shown, for the PAL format, the frame storé
and chénnel buffer cbllectively require 15,778,927 bits of memory.

As shown, when the displayed anchor is compressed, the NTSC format reqﬁires

9,538,560 bits for the frame store, which ié, 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 (114,271). Thus, there are 114,271 bits “over budget™ over a 16Mbit
target.
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W"here the anchor and the B segnient ate both compressed, for the NTSC -

decoding scheme, assuming 3.267 segments, the frame store is reduced to '8.778,24I0 bits

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

cﬂanne] buffer collectively tequiie 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 ;chéme

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.

- 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 channe! 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 B frame only is compressed, the

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

In this mef}?od. the frames store and channel buffer collectively 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 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 sofiware 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

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 bits of memory.

Figure 7 - Memory Bandwidth vs, Memory Size in the NTSC Decoding Scheme
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| Figurg: 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 and the channel buffer. As shown, as the memory

size decreases from lefl to right, thé required amount of memor}' and/or processing

s 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 gréph of FIG. 7 illustrate. thé

change in bandwidth versus the change in memory size, i.c., the Abandwidth / Amemory,

10 which com};rises 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. Memory Size in the NTSC Decoding Scheme

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

15 PAL .decodihg scheme. As with Figure 7, the memory size on the x axis of the graph is
the memo:l'y size required for the frame store memory and the channel buffer. As shown,

as the merh"ory size decreases from left to right, the required amount of menﬁory 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 change in bandwidth versus the change in meniory size, i.e., the Abandwidth

/ Améniory, which comprises the units bytes/sécond/bit. As shown, the Abandwidth /
Amemory peaks at 13,851,455 bits, which is the optimum memory size in thé 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.
- 30 Figure 9 illustrates the number of bytes of memory size allocated for different purposes in
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the uniﬁéd 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 storagé. It is

s noted that Figure 9 illustrates the membry 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 uses 10,583,248 bytes for storing video frames, and the PAL format uses
10,790,608 bytes for atoring video frames.

Figure 10 - Decoding Memory Bandwidth

Figure 10 illustrates the estimated memory bandwidth distribution in the preferred
embodiment of the~ invention for the NTSC and PAL formats. Figure 10 illustrates the
estimated mcmdry bandwidth distribution using the memory partition embodiment of -

15 Figure 9. The estimated memory bandwidth distribution shown in Figure 10 pfgsumes al6é
X 1MB 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 cxéc_:uted 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, wherea§ the PAL decoding scheme requires 157.18 MB per second of
bandwidth. The bandwidth requirements for each of the NTSC s;nd 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 11 - 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 Figu;'e 11, the lines represent available

~ cycles per macroblock for a decoder operating at 27 to 216 MHz. The bars represént the

30 required cycles per macroblock reconstructed for 1 to 4 cycle/coefficient lhroixghput.' For
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example, ‘a 1‘00 MHz decoder can operate with 13,447,885 memory points at 1 and 2-
cycle/coefficient throughput only (not the sloW 4-cycle/coefficient). HoWever, as shown,
the processing power tends to increase as the memory decreasés 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 sufﬁcieht

with 2-cycle/coefficient throughput.

Figures 12 and 13 - Clock Domains

Figure 12 illustrates the clock domains in the systém, i.e., the various possible
clock rates for the external memory 212 according to one embodiment of the v'inventiori.
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 wcordiné to modern video encoding schemes. However, current memory
operating frequencies are not designed for video applicati.ons, i.e., are not designed to
operate at multiples of 27 MHz. As shown, the memory 212 operates near multiples of
this sourcé decoder frequency such as 50 MHz or 100 MHz. o '

Figlire 13 illustrates clock operating. frequencies accofding 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 ﬁm1sport
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 eléments operate at
multiples of the 27 MHz required clock frequency, i.., either 54 Megahertz or 108 A
Megahertz. '

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 communicate 16 bit transmission

date, referred to as TD[15:0), in & bi-directional manner. The transmission data sigha!s
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TD[15:0] cbmprise a data bus for transmitting data between the transpoft and system
control logic 204 and the source decoder 224. The transport and system éont_toller 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

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 controller block 204,
these being 2 data chain hold (DCH) signal, which is a wait cycle request, and a TRDY

" (transmission ready) signal which indicates that the logic is ready for a new packet.

__gure 15 - Packet Header Formats

Flgurc 15 illustrates packet hcader 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 audijo stream write. The general data read

and general data write packets each include fields for word count and address..

'Conclusion

Therefore, the present invention comprises a video decoder aystem.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 describéd 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 ‘hltematives,
modifications, and equivalents, as can be rcaso_nably included within the spirit and scope

of the invention as defined by the appended claims,
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An MPEG decoder system which includes a single memory for use by :
transport, ds¢ode and system controller functions, comprising:

(a chann receivePJ for receiving an MPEG encoded stream;

transport lojic coupled to the channel receiver which demultiplexes one or more
,'mulumedla data stream from the encoded stream; ’

" a system controller

the MPEG decoder system;

an MPEG decoder coupled

upled to the transport logic which controls Operatlons within

receive one or more multimedia data streams output
from the transport logic, wherein the PEG decoder logic operates to herfoim MPEG
decoding on the multimedia data streams; '
der, wherein the memory is used by the

MPEG decoder during MPEG decoding operatio

a memory . coupled o the MPEG de
. wherein the memory stores code and
data useable by the system controller which enablés the system controller to perform
control functlons within the MPEG decoder system, whelgin the external memory is used‘
by the transport logic for demultiplexing operatnons. :

wherein the MPEG decoder is operable to access the\memory during MPEG
decoding operations; 7 ’ '

wherein the transport loéic is operable to access the memory to\gtore and retrieve
data during derhultiplcxing operations; and |

wherein the system controller is operable to a‘ccess the memory to rékjeve 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 njemory controller;
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3. The MPEG decoder system of clair_n 2, wherein the memory controuer is

operable to store compressed data in the memory to reduce memory storage requirements.

4, The MPEG decoder system of claim 2, wherein the membry controller is
operable to dynamically allocate segments 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 videp frames, a system controller portion for storing code 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, whercin said memory further
includes a video decode buffer portion for storing decoded video data, a video display

sync buffer, and 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.

ethod for performing video decoding in an MPEG decoder system

which includes a single merm use by transport, decode and system controller
functions, the comprising:
receiving an MPEG encoded stream;
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wherein sald controlling operations accesses

memory;

performing MPEG™dgcoding on the multimedia data streams, wherein said

performing MPEG decoding operatea using said first unified memory; and
a system controller controlling dpgrations within the MPEG decoder system,
e and data from said first unified
~ wherein said demultiplexing one or more multim data streams, said
performing MPEG decodihg, and said controlling operations each use
memory. .

11. The.method of claim 10,

wherein said demultiplexing one or more multimedia data streams from the
encoded stream includes accessing multimedia data stream data from said first unified
memory; " ' '

wherein said performing MPEG decoding on the multimedia data streams
includes accessingk video frame data from said first unified memory; and

wherein said controlling operations includes accessing code and data from said

first unified memory.

ie

memory contro

The method of claim 10, wherein the MPEG decoder system includes a .
coupled to the ﬂ’rst unified memory; ‘ ‘

wherein said actesging multimedia data stream- data from said first unified
memory comprises accessing sat

controller;

wherein said accessing code and data from said first unifted memory comprises

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 the first unified memory to
4  reduce memory storage requirements.

S 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

8  first unified memory to optimize memory use.

10 15, The method of claim 10, wherein said first unified memory has a menibry'

Il size which does not exceed 16 Mbit.

12 A‘* A video decoder system which includes a single memory for use by
&%3 transport, de de and system controller functions, comprising:

14 .~ achannel rageiver for receiving an encoded video stream;

17 a system controller couple
18 the video degoder system; ,
19 a video decoder coupled to receive or more multimedia data streams output
20 from ihe transport logic, wherein the video dededer logic operates to perform video

21 decoding on the multimedia data streams; and

25 functions within the video decoder system, wherein the external memo

26  transport logic for dcmultiplexing operations;
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rein the video decoder is operable to access | thé‘ memory during video -
decoding operations; ‘ _ '
. wherein the transport logic erable to access the memory to store and retrieve
data during demultiplexing operations; and '
wherein the system controller is operable to acces memory to retrieve code '

and data during system control functions.

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

wherein the transport logic is coupled to the memoryicontrollcr and is operable to

.access the memory through the memory controller; and

wherein the system controller is coupled to the memory conl.roller and is operable‘

to access the memory through the memory controller,

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

~ operable to store compressed data in the memory to reduce memory storage requnrements

19.  The video decoder system of claim 17, wherein the memory controller is

operable to dynamically allocate segments of memory space in the memory to optimize

memory 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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Abstract of the Disclosﬁre

N

’

_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, &8 system
controller, and MPEG decoder logic. The video decoding system of the present inQention
includes a single unified memory which stores code an_d data for the transport, system
controller and MPEG decoder functions. The single unified memory is preferably a 16
Mbit memory. The MPEG decoder lbgic includes a memory controller which couples to
10 the siﬁgle unified memory, and each of the transport logic, system controller a};d MPEG
decoder logic acceSS the single unified memory through the membry 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
embodirhent, 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. ""Altematively, the memory is only required to store a portion of the
reconstructéd 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
P-2892

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, | hereby declare that:
My residence, post office and citizenship are as stated below next to my name.

I beliove I am the original, first and sole inventor (if only one name is lsted below) or the below named

' -inventors beliove 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 Fuunctlons,” the

specification of which:

X {s'attached hereto. :
was flled on as Application Serial No.

and was amended on . (if applicable)

1 hereby state that I have reviewed and understand the contents of the abdve Identified specification,
including the claims, as amended by any emendment referred to above.

1 acknowledge the duty to disclose to the Patent and Trademark Office all information known to me to be
material to patentablility of the subject matter clauned in this application, as "materiality” is defined in Tltle 37,

- Code of Federal Regulations, §1.56.

I hereby claim foreign prlority benefits under Title 35, United States Code, §l 19 of any -foreign
applicaﬁon(s) for patent or inventor's certificate listed below and have also identificd below any foreign application
for patent or inventor's certificats having a filing date before that of the application on which priority is claimed:

PRIOR FOREIGN APPLICATION(S) ' " Priority

’ Claimed
NIA ‘ " YesNo
{Number) (Country) (Date Filed)
N/A . Yes/No

(Number) (Country) (Date Filed)

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s)

listed below and, Insofar as tho 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 35, United States Code, §112, I
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 ﬂllng date of the prior application and the nationa or PCT international filing date of

this application:

NA
(Application Serial No.)

(Filing Date) - (Status)

I hereby declare that all statements made of my own knowledge are true and that ail statements made on
information and belief are belioved to be true; and further that these staterhents were mads with the knowledge that
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of

" Title 18 of the United States Code and that such wnllful falae statements may jeopardize the validity of the

: appllaatlon or any patont lssued thereon.

Page 10f 2

SONY EX. 1002
Page 105



The Assignee hereby r  “es any previous Powers of Attorney and ap- Kevin P, McAndrews; Reg.
No._34,496, David G. Pursel, t i0,_28.659 and Franklyn C. Weiss, Reg. N, . A1 _each said attorneys being
employed by LSI Logic Corporation; and Kevin L. Daffer, Reg. No. 14.146, B. Notl Kivlin, Reg, No. 33,929, Jeif
C. Hood, Reg. No. 'g_g',m..ﬁric B. Meyertons, Reg. No. 34,876 and David A. Rose, Reg. No. 26,223, each said
attorneys being members or associates of the finm 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 prosecuts the
application, to make alterations and amendments therain, to transaat all business in the Patent and Trademark Office
in connection therewith, and to receive the Letters Patent. .

Please direct all communications as follows:

_Jeffrey C. Hood,
Conley, Rose & Tazoan.C. )
P.0. Bo
Houston, Texas 77253-3267
—Ph: (312) 703-1246

xnvemorsFuimame: oKwok - _Kit, _Chau .
(First) "~ (Initial) (Last)

Inventor's Signature: ( /(,A/\t/\/\_/(;fﬂ’-—f Date: X / {{ / ‘N,
Country of Resldeﬁce; us ﬂ Citizenship: us A ‘ . |
~ Post Office and Residence Address: | 72 [ H Aw EV\.S Diive AL CA 94072 UA’

(Include number, street name, city, state and zip code

)
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-MeD (
2% Al

FORM DTO-1595
1-32-927

To the Honorable Commissloncr of Patcnts and Trademarks.

U.S. DEPARTMENT OF,COMMERCRH "

Patant and Tudemax Office
\ e

01-22-1097

R

189340269

1. Name of conveylng party(les): 2. Name and address of recelving pasty(les): ’ UB// 7 4 8289
Kwok Kit Chau Name: __LSI Logic Corporation
Additlonal name(s) of nv ochod? .DY“ D Internal Address: X
Street Address: 1551 McCarthy Boulevar % '
o
City _Milpitas Stats __CA 25038
. Additional name(s) & address(es) attached? I:l Yes No
3. Naturs'of Conveyancs: , . e
o~
-l
B Asslgnment D Merger 2
‘. P od
Security Agreement Change of Name Py |
' Pl
Other i e
Executlon Date: November 11, 1996

4, Applicetion number(s) or patent number(s):

A. Patent Appllcnllon No.(s)

If this document Is being filed together with a new spplication, thc execution dnte of thig application Is:

Additlonsl numbers attached? D Yes DNo

November 13, 1996
0208 U. S PTO

\\ll‘llll\m\I\NIINlllIlllllllﬂlll

B. Patent No.(s)

5. Name tnd addreas of pesty to whom correspondence
conceming document shou!d be malled:

6. Total number of applications and pnlenu Involved: |

Name: __ Jeffrey C. Hood'

Intornal Address: _Conle Tayon, P.C.

‘Street Address: P.O. Box 3267

Clty __Houton _ State __TX ZIP 772533267 _

7. Total fee (37 CFR 3.41): covvvevrnreerernrencsunn
Enclosed
Authorized to be charged to deposit account

8, Duposit gagount number:
(Attash a dupfipatg capy of this page If paying by depoalt ascount)

.S __ 40.00

- DO NOT USE THIS SPACE

9. Statement and Signature.

Jeffrey C. Hood

To the besi of my knowledge and ballgf, the foregoing informatlon is true and correct and any attached copy is a trus copy of the original document.

Name of Porson Signing
Rep. No. 35,198

C ) Iifi3/3¢

Total number of pages comprising cover sheel:

L

Signature’
—_—

OMB No. 0651-011 (exp.4/94)
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ST o 8,%748269

P-2892 : P : PATENT
L 5201-01600
ASSIGNMENT : -

For Good And Valuable Consideration, the receipt.and sufficiency of which is hereby acknowledged, we the undersigned,
Kwok Kit Chau do hereby sell, assign and transfer to LSI LOGIC CORPORATION, a corporation of Delaware, having a place of
business at 1551 McCarthy Boulevard, Milpitas, California 95035, ("Assignee”), its successors, assigns, and legal representatives, the
entire right, title and interest for the United States and al! foreign countries, in and to any and all inventions and improvements which
aro disclosed in the application for United States Letters Patent, :

(X)  which has been executed by the undersigned concurrently herewith,
( ) which was flled on , 19_._and assigned Serial No,

and is entitled “MPEG Decoder System and Method Having a Unified Memory for Transport, Decode and Systém Controller
Functions,” -and in and to said application and all divisional, continuing, substitute, renewal, reissue and al} 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. which have been or shall be issued in the United States and all foreign countries on said:

improvements; and in end to al) rights of priority resulting from the filing of said United States application; and

Agree that said Assignes 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 reprosentatives, 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 sald
improvements end the history thereof; end 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 sald Assignc}é, its successors, assigns and legal representatives that no assignment, grant mortgage, license, or other
agreement affecting the riglits and property herein conveyed has been made to others by the undersigned, and that full right to convey
the same as herein expressed is possessed by the undersigned, ‘

Name: % p ZL‘A ‘m/ Date: ‘\/‘ [ /qé

Kwok Kit Chau

Witness Signature: . Date:

Printed Name (Witness):

Page 1 of |
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Atty. Dkt. No.: 5201-01600/

18 m] Slinre Application of: §
Kwok K. Chau §
v , §
Serial No. 08/748,269 § ]
§ Tharsby t‘cgfy r"o“n'. :ag mlrm&dgln:qu s b-ﬂa. p:m
Filed: November 13, 1996 § nvelope sddresod tos Asabtant bdnmlulmurh; atents,
. § Washington, D.C, 1, an the 2-‘“% v.’_._‘
For; MPEG Decoder System and § x%s.’;él ‘ m; 7 e
Method Having a Unified Memory §
For Transport Decode and System §
Controller Functions ' § .
ON DISCL STATEME

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir: _
Applicant requests consideration of [] the references listed on the attached h)rm PTO-
1449 and/or (X the additional information identified below in paragraph 3. A copy of each
reference listed on the Form PTO-1449 is enclosed. '
oy,

e

1. This Information Disclosure Statement is submitted:

a. 23 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. [J  after the events of above paragraph 1a and prior to the mmhng date of a
final Office Action or Notice of Allowance, and thus:

O  the certiﬁcation of paragraph 2 below ia provided,‘ or

m
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0  afee of $230.00 is enclosed.

c. [0  after the mailing date of a final Office Action or a Notice of Allowance and
prior to payment of the issue fee, and thus: ‘ ‘

O the certification of paragraph 2 below is pravided, and
[0 aPetition and fee of $130.00 are enclosed.

2, It is:hereby certified: -

(O  that each item of information contained in this Information Disclosure Statement
wasg 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

[J - 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. B Consideration of the following additional informatidn (including any co-pending or
- abandoned 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-1449:
(| reference is made to an English language translation submitted herewith, and/or

(0  reference is made to a foreign patent office search report (in the English language)
v submitted herewith, and/or

O  reference is made to an English language translation of a foreign patent oﬁ'we'
search report submiitted herewith, and/or

O reference is made to the concise explanation contamed in the specification of the
present application at page(s) and/or

O  reference is made to the concise explanation set forth below:
5. .00  Applicant also offers the following comments for the Examiner’s consideration:
6. ‘00 Also enclosed is & copy of a foreign search report citing these references.
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7. O 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. . 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. § 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. | S

Respectfully submitted,

T (%
Jeffrey C. Hood - - .

Reg. No. 35,198
Attorney for Applicant(s)

CONLEY, ROSE & TAYON, P.C.
P. O. Box 3267 S
Houston, Texas 77253-3267

(512) 476-1400 '

Date: 74.5',/ 7

KANAf\01600Usi016.5da.plo joh doo
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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:  List of References cited by applicant and considered by examiner -
" Document Date: 1997-09-18

Page(s): All
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EST COPY

UNITED STATES DEPARTMENT OF GDMMEHGE
Patent and Trademark Office

Address; COMMISSIONER OF PATENTE AND TRADEMARKS
Washington, D.C. 20231

. [(GERIALNUMBER | __FiLING DATE _ | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. ]
e hel g NI [‘L‘(r"‘l | I vt - b Gl
e DY R L N watat 1 e 0 - Rl . ~ . )
L EXAMINER ]
. LAY /s ] : ,
e SEY L o ‘ . ART UNIT PAPER NUMBER
R RIS P TAYIIN

Lo Y e : : oy 3
PRI ETAN TN 7 PEA - AP » 27T

. ' . . e 4 -

DATEMALED; 05/ 11/%3

This le @ communicatlon from the examiner In charge of your application,
COMMISSIONER OF PATENTS AND TRADEMARKS

ﬁ This application has bean examined D Responsive fo communicationflledon____ D This actlon (s made final.

A shortened statutory period for responsa to this action s set 1o expire ¢ 3 month(s), days from the date of Ih)n Isnar
Fallure to respand within the period for responae will cause the application to become abandoned. 35 U.8.C. 133

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THI8 ACTION: [2/
1. D Notice of Ralsrenou‘cmd by Examiner, PTO-882. . 2. Notica of Drafieman's Patent Drawing Review, PTO-848,
3. D Notlce of Art Cited by Applicant, PTO-1448, 4. D Notioa of Informal Patant Application, PTO-152.
8. [ tntormation on How to Effect Druwlng Changes, PTO-1474, 6. D :
Pantll SUIIMARV OF ACTION
‘ ﬁ Claims, \ - 9’0 - are pending In the application.
Of the above, claims ' W are withdrawn from conalderation,
2. D Claims - have been cancelled.

3. lﬁcnmma L‘ “&L L@ -2 e alowet,
4 m/cialmn ' 1_9/ are rejectad.

A)

8. D Claims . are objected to, ;
8, D Llalms, : ' . ' . are subject to reslriction or election requirament.

This gppllcallon hgs been flled with informal drawings urder 37 C.F . 1.85 which are acceptable lor examination purposes.
0. D Formal drawlings are requlred in responase to this OHios action.

. D The oorrected or subatitute drawings have been recalved on : . . Under 37 C.F.R. 1.84 these drawings
are []aoceptable; C]not acceptable (aee explanation or Notice of Draftaman's Patent Drawing Reviaw, PTO-848).

10. D ‘The proposed additional or substitute sheet(s) of drawings, filed on . has (have) been [Japproved by the
examiner; [ disapproved by the examiner (ese explanation). . :

1. D The proposed drawing correctlon, flled ,hasbesn [approved; [Jdivapproved (see explanation).

12,0 Acknowlsdgement Is made of tho clalm for priority undar 35 U.8.C. 110. The certifled copy has [J been recelved [1 not been receivad
0 been flied In parent application, aerlal no. : flled on

13. D 8inoe this application apppears to be In condition for allowance axcept for formal matters, proascution as to the marits ls clossd In
accardanca with the praciice under Ex parta Quayle, 1835 C.D. 11,463 0.G. 213,

14.[] other

3 " EXAMINER'S ACTION

PTOL-326 (Rev. 203)
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‘Serial Number: 08/748,269 , -2-

Art Unit: 2772

Part III DETAILED ACTION
Drawings
. o 1 . v -
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.

Specification
2. The diéclosure is objected to because of the fdllowing
infofmalities: . _ :
The Applicant is respectfully requested to prévide the U.S.
Patent Application Serial Numbers and their updated status as
~listed at page 1 of the preaent.application.‘ |

1

Appropriate correction is required.

‘ claim Rejections -~ 35 USC §v112.
3. Claims 12 is rejected under 35 U.S.C. 112,,sécond péragraph,
. és being indefinite fo; failing to particﬁlarly point out and
distinctly claih the subject matter which applicant regards as the
invention. ' |
Ag per.claim 12, thelﬁexms "said acceasin§ multimedia data

stream data" (lines 3-4), "pald accessing video frame data" (lines

6-7) lack clear antecedent basis.
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Serial Number: 08/748,269 : : v -3-

Art Unit: 2772

Conclusion

| 4. Any response to this action should be mailed to:
Commission?r of Patents and Trademarks
Washington, D.C. 20231
or faxed to:

(703) 308-9051, (for formal communications intended for entry)

(703) 305-9724 (for informal or draft communications, please label "PROPOSED"
or "DRAFT")

Hand-delivered responses should be brought to Crystal Park II, 2121 Crystal Drive, Aﬂington. !
VA., Sixth Floor (Receptionist),

5. Any inquiry concerning this communication or earlier
communications 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 8:00am-5:30pm.

I1f attempts -to reach .the examiner are unsuccessful, the
examiner's supervisor, Heather Herndon, can be reached at (703)
305-9701. The fax phone 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 CGroup receptionist whose
telephone number is (703) 305~ 3800

QbW vy

CIiff N. Vo
May 4, 1998

SONY EX. 1002
Page 115




Altachment. é

BEST COPY

The drawings submitted with this application
were declared iuformal by the applicant
‘Accordingly (bey bave vpol been reviewed by a

- draftsperson at this time. When forual drawings
-arc submitted, the draftspersou” will perform a
revicyw. " | '

Direct 'any iuqu'ii'cs concervivg drawing review (o
tbe Drawing Review Branch (703) 305-8404.

Substitutle IP'TQ-948
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,(“2 ST ’ S gpeariz
w08 mt‘» | "-f//}

#E UNITED STATES PATENT AND TRADEMARK OFFICE o .
3 EAE_B'?' -1~

Application. No: 08/748,269 § : Ay[')
Filed:  November 13, 1996 § [Atty. Dkt.No: 520101600 | »
Inventor(s): § | - .
- Kwok Kit Chau § 1 hereby centy hat his corvespondencs i being depoaited with
§ e Ui e P Sevic s Fic Clws Mal 1 an cnvlope
P |
[Title: MPEG Decoder System § ekt BY,
. and Method Having a § —{-/%Q—Y nm‘w
Unified Memory for § o
Transport, Decode and §
System Controller g
Functions H
Exammer Cli?fN._Vo §
Group/Art Unit: 2772 /
AMENDMENT
Assistant Commissioner for Patents S . v /
Washington, D.C. 20231
Dear Sir: ]
' =
In response to the Office Action mailed May 11, 1998, please amend the % E“—,
application'as follows: -
™
23
. o O
IN THE SPECIFICATION: 'c\.))

At page 1 line 13, please deée “27” and mi? --28-- therefor.
At page | line 17, please dde/te “27" and ing€rt --28-- therefor.
At page 1 line 19, please dai/te the blank line and mét --OS{‘/ ,300-- therefor,

At page 1 line 19, please délete “System and Method"” and indert --Method and
Apparatus-— therefor.

At page 1 line 20, please delete “7” and indert --8-- therefor,

i

1

KAL\LSTO1600\si-016-amd1.doc
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/

( IN THE CLAIMS:

] o Please amend the claims as follows:

1. (Amended) An MPEQ decoder system which includes a single mernoiy 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 demultlplexcs one or more
multimedia data streams from the encoded stream. .
. asystem controller coupled to the transport logic which controls operations within
the MPEG decoder aystem; ,
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 by the system controller which enables the system éontroller to perform
control functions 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 durmg 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 performing video decoding in an MPEG decoder |
‘9\ 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 KALALST\01600NIsi-016-amd).doc
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/
demultiplexing one or more multimedia data streams from the encoded stream,
wherein said de:hultiplexing one or more multimedia data streams from the encoded
stream operates using a first unified memory; v
 performing MPEG decoding on the multimedia data streams, wherein said
2\ j)erforining MPEQG 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 demultiplexing one or more limltimedia data’ streams, said
performing MPEG decoding, and said controllii!;g operations each use said first unified

-memory.

12. (Amended) The method of claim {10] 11, wherein the MPEG decoder systém
" includes a memory controller coupled to the first unified memory;
j wherein said accessing multimedia data stream data from said first unified -
' memory comprises accessing said multimedia data stream dﬁta through the memory -
A— | controller; '-‘: ' A
o » 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:
J." ' a channel receiver for receiving an encoded video stream;
. transport logic coupled to the channel receiver which. demuitiplexes one or more
A’ multimedia data streams from the encoded stream; v
" asystem controller coupled to the transport logic Which controls operations within
the video decoder system; |

;T

'
L

KALALSI01600\si-016-amd].doo
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a video decoder coupled to receive one or more multimedia data streams 'output

" from the transport logic, wherein the video decoder [logic] operates to perform video
decoding on the multimedia data streams; and | ' B
a memory coupled to the video decoder, wherein the membry 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

functions within the video decoder system, wherein the [external] memory is used by the -

transport logic for demultiplexing operations;

wherein the video decoder is operable to access the memory during video
decoding operatlons,

wherein the transport loglc is operable to access the memory to store and retrieve
.. date during demultiplexing operations; and

wherein the system controller is operable to access the memory to retrieve

code and data during system control functions.

KALALSNO1600\si-016-smd1.doc
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REMARKS

Applicant is in receipt of the Office Action mailed 5/11/98. Claims 1 - 11 and 13
'~ 20 were allowed. Claim 12 was rejected for an dmecede.nt 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 claims are
allowable. _

If any fees are inadveftently omitted or overpaid, the Commissioner is authorized
to charge or refund said fees to Conley, Rose, & Tayon, P.C. Deposit Account No. 03-
2769/5201-01600/JCH. ' '

Respectfully submitted,

et

Je - Hood

Reg. No. 35,198 :

ATTORNEY FOR APPLICANT(S)
Conley, Rose & Tayon, P.C.
P.O. Box 398 ‘
Austin, TX 78767-0398
Phone: (512) 476-1400
Dete __842/57.
KAL\LSNO1600Vs}-016-amd1.doc

5
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A b
Transactior e~ vav (448-09-0%

Datento--: - - JSPTO Paten

% EST C @ pv Apphicatior: neval (PMRDSVSlen
: recoros -+ -ww.uSplo.gov

f‘ UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Olfice
,,. dj Address: COMMISSIONER OF PATENTS AND TRADEMARKS
o8 Washington. D.C. 20231

[ semaL NumeeR, [ Fungpate | .y yt1 FIRST NAMED APPLICANT , ATTORNEY DOCKET.NO. |

LB L s mms [ EXAMINER

AR

- [ anrunr |  PaPER-NUMBER

DATE MAILED:

NOTICE OF ALLOWABILITY

. PARTI, _ é/ﬁ {12
1. This communication Is reaponsive to

2. All tha claims being allowabls, PROSECUTION ON THE MERITS I8 (OR REMAINS) CLOSED In this application. It not included
herewith (or previously mailed), & Notice Of Allowance And Issue Fee Due or other appropriate communioation will be sent In due

ourse. .
3. & The aliowed claims are \"9“0

. O The drawings liled on are {abl

8. (J Acknowledgment Is made of, the claim lor priority under 38 USC 110, The certifled copy has (_] been recelved. (.} not been
recelved. [_] been llied in parent application Barial No.. filed on

J Note the attached Examiner’s Amendment.

O Note the aitached Examiner Interview Summary Regord, PTOL-4 13,

[0 Note the attachad Examiner's Statement of Reasons lor Allowance.
Note the attached NOTICE OF REFERENCES CITED, PTO-882.

10. (] Note the altached INFORMATION DISCLOSURE CITATION, PTO-1448.

>

e N®

PART I,

A SHORTENED STATUTORY PER|OD FOR RESPONSE 10 comply with the requirements noted belcw is set to EXPIAE THREE MONTHS
FROM THE "DATE MAILED" Indicated on this lorm. Failure to timely comply will rasult [n the ABANDONMENT ol this appllcallon
Extensions of time may be obtained under the pwvlslons of 37 CFR 1.136(a).

1. [J Note 1he attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloaes that the oalh
or daclaration Is deficlent. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED. .
2. APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDg
OF THIS PAPER. i
Orawing Informalitths are. indicated on the NOTICE RE PATENT DRAWINGS, PTO-948, allached herote=en 10 Paper No.
.. CORRAECTION IS REQUIRED.
b. O The proposed drawing correction filad on
REQUIRED.

has been approved by the examinar. CORRECTION [S

c. [ Approved drawing corractions are described by the examlnor in the attached EXAMINER'S AMENDMENT. CORRECTION (S -

[Jnﬁaumeo
d. Formal drawings are now REQUIRED

Any response to this letter should include In the upper right hand corner, the following Information from the NOTICE OF ALLOWANCE
" AND I8SUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

Allachmente:
-~ Examiner's Amendment . ~ Notice of Informal Apptication, PTO-182 -
- Exsminer Interview Bummary Record. PTOL- 413 ~ Notice ra Patent Orewings, PTO-948
- Ressons for Allowsnce .= Lisling of Bonded pratismen
Notice of Raferancas Ciiad. PTO-892 - Other

~ Information Disclosure Cliation, PTO- 1449

Sl

PRIMARY EXAMINER
- GROUP 2400

PTOL-37 (REV. 4-80) ¢
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pli jon No. . Apblicém(s)
‘ § €]744,264
Notice of References Cited e G Ao | L _L
ULFR Vo 277~ |
U.S. PATENT DOCUMENTS » ‘
* DOCUMENT NO. . DATE NAME CLASS | SUBCLASS
XA5.642,213 lioflef(47 | GOLYBERG ot ol 1244 B0
wels 9 C oy 2[4 PRASAD o o, 134559~
c|s7¢7, 54 jp sfto /o] NAKAMURA L 13¢5 Lo
D . : : : .
E
3
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS _
1* DOCUMENT NO. DATE COUNTRY NAME . . | CLASS | SUBCLASS
0
P
Q
R
S
T
NON-PATENT DOCUMENTS
* DOCUMENT (Including Author, Title, Source, and Pertinent Pages) . DATE
U
Vv
w
X

*Acopy of this reference Is not being funished with this Office action.

See Manual of Patent Examining Procedure, Section 707.05(a).
¢ a ining Procedur n (a).) Part of No. S

U.S. Patert and Trademark Office
PTO-892 (Rev. 9-96) , .
. *U.8. GPO. 1997-417-381/62700
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UNITED STATES . <PARTMENT OF COMMERCE

f" %\ Patent and Tra.domark Offlce

NOTICE OF ALLOWANCE AND ISSUE FEE DUE -

! I Ma1/BI0E

: JEFFREY © HOOD

: SUINLEY KOSE & TAYON

. B BOX. WIE :

' MOLISTON TX 77253-3267

. [~ aprucationno. [ Funaoare - | tovaLciams | . EXAMINERAND GROUPARTUNIT - * | DATEMALED

! g T —r -

. Qs A, 26D 1) /13795 B2 v, © w277 BIIBZII
1 .

D Rt EHAL, - KW 1.

TMEOP  WPER LECULER SYSTEM AND HETHOD HAVING A UNIFIED MEMURY FOR TRANSFURT
DECORE AND SYSTE CONFROLLER FLINCT TONS

ATTYBDOCKETNO. | CLASS.SUBCIASS | BATCHNO. | APPLN.TYPE | BMALLENTITY | FEEDUE | DATE DUE
i o E ] @1 v TAG-DpZ QR 163 UTILITY (Y F L3020, 0 12 /,\'D'.Z/‘S’ i

]
)
'

| THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
'PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS. FROM THE MAILING DATE OF THIS NOTICE OR THIS
| APPLICATION SHALL BE REGARDED AS ABANDONED. WWMNH&

HOW TO RESPOND TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.. :
If the SMALL ENTITY I8 shown as YES verlfy your If the SMALL ENTITY s shown as NO: .
current SMALL ENTITY status:

FEE DUE shown above and notily the Patentand . | A- Pay FEE DUE shown above, or
Trademark Office of the change In status, or ,
B. If the status is the same, pay the FEE DUE. shown ) :
above. .| B. Flie verifled statement of Small Entity Status before, or with,
S payment of 1/2 the FEE DUE shown above.

. Part B-lssue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even Il the ISSUE FEE has already been pald by charge to deposit account, Part B lssue Fee Transmittal
should be completed and retumed. If you are charging the ISSUE FEE to your deposit account, sectlon “4b” of Part
B-lssue Fee Transmittal should be completed and an extra copy of the form shouid be submitted.
Iit. All communications regarding this applicetion must give apptication number and bateh number. . S
i Pleasa direcl ali communications prior to Issuance to Box ISSUE FEE unless advised to the contrary. - _

|
|
i
|
-1
| A. If the status Is changed, pay twice the amount of the
Il
1]
l
|
I

IMFORTANT REMINDER: Utllity patents Issuing on applicatlons filed on or after Deo. 12, 1 980 may roequire paymentof. -
1 * malntenance fees. .it Is patentes's mopannlblllty to ensure llmoly paymont of maintenance
: ‘ i . fees when due.

L PATENT AND TRADEMARK OFFICE COPY
1 PTOL-83 (REV. 10-06) Mpmd !oruu through 06/30/88. (0851-0033) . ’
i : “U8 GPO, 1998437-830/80023
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ar B—ISSUE FEE fﬁ"NsmrrAL-- -e-

Complete and mail this form, together with uppllclblo foos, t

Al

. xIBSUE FEE

swaletant Commlissioner for Patents
Waghington, D.C. 20231

BEST COPY.

"*""L_w.‘
, ,) of te

Jl

MAILING msmucnoua~ Thia form should be used for iranamitting the ISSUE FEE. Blocks 1
through 4 should be comptated where appropriate, Allfurther corraspondence including the lesus Fae
Reoelpt, the Patent, advance ordars and nolification of malintenance foes will bg malled to the cutrent
corraspondance address as indlcated uniess corvected below or directed otherwise In Bloek 1, by (a)
speciying a new correspondenca address; and/or (b) indicating 8 separate 'FEE AWRESS" for
malntanance tes nollfications.
CURRENT CORREBPONDENCE ADDRESS (Nato: Lagibly mut-q) with eny correclions of uso Blook 1)

. F‘Oﬂtﬁmmlﬂv'dnn
0CT 2 6 1998

KAV IV
PR LTI

‘.
]
S

R S
NG I
RN

VTN
- "

r v

Note: Tha certificate of maliing below can only be used for domesta
malings of tha mue Fea Transmittal. This cortificata cannot be used
for any other accompanying papers, Ench additions! paper, suchas n
uwnmonl orformal dmz‘a mus! have lis own oertificata of matiing.

Corlificats of Mllllng

1 hereby cerfily thal (hig Issue Fee Transmitial s being depositad with
the United Statas Posial Barvice with sufficient postagoe for first class
mall in an enveiope addrassed to the Box issua Fee address abave o
tha date Indicaled below.

MARIA KOVACS

BRI A T ST b

Al

APPLICATION NO. FILING DAYE

! I

-TOTAL CLAIMS

I [ el

S

FretNamod - . . TR

Apploant e, AN NTE I
TITLE OF o e \ s et T L e R Tl MU Pyt T SRR
NVENTION P TN S EM AT BT IO R N (i e b UL VRIS B! At (I

RS TSI SUTEE LRINTI e CR FLIMCTY LS
ATTY'§ DOCKET NO. | ciasssuBoLass | BaTcHNO. | APPIN.TYPE | emAWENTOY [ FEeDuE | DATE DUE
NN B R RIS P LTIy e AT, Leh P T aral §
P-2892 30,00
1. Change of oorraspondenca addrass or indication of * Fes Addrass” (37 CFR 1.383). 2. For priniing on the patant front page, lfet

Use ol PTO form{s) and Customar Number are recommanded, but not raquired.

T Ghange of cormespondence atidress (or Change of Comsspandenoe Address fom
PTO/SB/12Q) attached.

| and the namas of
[J*Fee Addresq” indication (or *Fes Addrees® indioation form PTO/BE/4T) atteohad.

.(1) the namss of up to 3 registarad patent
stiomeys or agents OR; altemativaly, (2)
the nams of & singie firm (having as &
member @ registersd atlamey or agent)

sConley, Rose & Tayon

gJeffrey C. Hood
up 10 2 reglstered patant .

stiomeye of agents, if no name is dsted, no
name wiil ba pnnm

8. ABSIGNEEH NAME AND REBIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 48,

PLEAGE NOTE: Unlass an assignes s idantified befow, no assignas data will appear on the patent,
Inotusion of assignee data I8 only appropiate whan an assignmant has baan previously submitted lo
tha PTO or Is being submittad undar saparato cover. Completion of this farm Is NOT a aubollltue for
fiiing an asalgnment.

(A)NAMEOF ABBIGNEE ST Logic Corporation

The following fees are snoiosed (make oheck payable to Cwnm\monor
of Palonts and Tradamarks):

¥ 1ssue Feo
§ Advance Ordar - # of Coplea

ten

4.
(B) RESIDENCE: (CITY & STATE ORCOUNTRY) Milpitas, CA

Pleass chack tha eppropriale assignes category Indicaled below (will not be printed on the patent)
[ indivicual (ﬂ compomation or other piivete group enttty () government

Tha following faee or deficlancy in theae fees shzomd ba charged to:

DEPOSIT ACCOUNT NUMBER -
(ENCLOSE AN EXTRA COPY OF THIS FORM)

3 Issue Feo
H *

Order- # ot Coples_10__(ten)

The COMMIBBIONER OF PATE(NTS AND TRADEMARKS 18 requested to spply the (ssue Fee 1o the applioation ldentifisd above.

nature) - (Date)

Sandee g, 43,331 Pet,21,'98
NOTE; The 18sue Fee will anceptad (rom anyona othar than (he applicant; a reglstered attomay

or agent; ar the assignes or other party In intarast as shown by the records of the Patent and
Tragemark Ofile,

Burden Hour Statemsent: Thia form Is estimated to take 0.2 hours to complete. Time wil vary
depending on the needs of the Individual case. Any comments on the amount of time required
to complets this form shoutd ba sent to the Chief Information Officer, Patent and Trademark
Office, Washington, D.C. 20231, DO NOT SEND FEES OR COMPLETED FORMS 7O THIS
ADDRESS, S8END FEES AND THIS FORM TO: Box lssue Foa, Assistant Commisaicner for
Patents, Washington D.C. 20231

Under the Paparwork Reduction Act of 1896, no persons are required 1o ralpund toa eolledlon
of information unlesa it displaya & valld OMB eontml number,

| 10/27/199 CAGKEY  O000ORER (BESe " 0nTABRE

.Mh--wm

.-
“r

Ol FCi 12 4 310.00 Cft
&'W 3J a0 (W

TRANSMIT THIS FORM WITH FEE

PTOL-BEB (REV.10-88) kwmvw for use through 08/30/38. OMB 0861-0033

Ratent and Tradomark Office; U.8, DEPARTIIENT OF COMMERCH
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Transactir
Jaie n
pplicato

El

1992-10-25 !

JSPTO Paten
wvay PAIR) syster:
ISDYO.Q0

Please typa a plus -lun (+) Inside 1his box -——) _{}_

PTO/SE/B! (11/88)
Approved for uso through 6/30/09. OMA 0851-0035
Patort and Trodemark Office: U.8, DEPARTMENT OF COMMERCE

Under the Paparwork ‘Reduction Act of 1988, no persons are uqul-ul io respand 1o o collection of informetion unlm tidisglays &

+ 2

valid OMB conirol aumiber.
f ' Eppucnuon Number 087748269 |\
POWER OF ATTORNEY OR  [Fillrg Date November-13, 1698
AUTHORIZATION OF AGENT, '?lut Named inventor Kwok Kit Chau
NOT ACCOMPANYING lgroupmum 772
APPLICATION v Examiner Name . P.Vo_
\ : Attornay Docket 5201-01600 1 P-2692
Nubo—
| hereby appoint:
. PlaceCustomer
[] Practitioners at Customer Number [ | |Number Bar Code
.O R Label Here
hE Practitloner(s) named below: : :
. Neme , Reglattaﬂop Number
DAVID PURSEL 28,660 *
RALPH VEBEL| 33,807
IWAYNE BAILEY 34,200
|DAVID LUCENTE 36,202
[BRUCE HOPENFELD 30,714
|SANDEEP JAGGI 43,331
as my/our attorney(s) or agent(s) to prosecuts the application identified above, and to transact - j

all business in the Patent and Trademark Office connected therewith.

E] The above mentioned Customer Numbe

Please change the correspondence address for the above-identified application to:

D Applicant

_Assignee of Record of the enlfre interes
Certlficate under 37 CFR 3.73(b) Is enclosed

OR . ’
Flrm or L81 LOGIC CORPORATION
Individual Name
Address 1881 McCarthy Bivd., M8: D-108
Address Patent Law Department
City MILPITAS ] State | CA rZIP [ 95038
Country UBA '
Telephone 408-433-8708 | Fax ]’408433-1mi
| am the:

SIGNATURE of Applicant or Assignee of Record

Name lDAVlD } PURSE} . Al
olld .
lgnalure f/f/
_ [Date ?

+Amomm-nl-onholbmyw-nnqulndtomp&dnthhfcvmnhw?dhuﬂbm

.

Burden Hour Blatsment: This formTs ullﬁulod fo tske 0.2 hours to complste, Time WAl vmv depending upon the needs of the indvidual cuse.
hief Information Offioar, Petenl and Tredemark Office,
(Washington, DG 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THI8 ADDRESS. 8END TO : Assistant Commissioner for Patents,
- Washington, DC 202
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Transacto < = Q98-10-26

Date e . - JSPTO Paten -
Applicatior i 1+« imeval (PAIR) systen
recoras . -ww.uspto.gov.

!

¢ o e '

[N THE UNITED STATES PATENT AND TRADEMARK OFFICE

InreA 0
Kwok Kit Chau
Serial No.; 08/748,269 | Group ArtUnit; 2772
Filed ;  November 13, 1996 Examiner ; Vo, P.
For: MPEG Decoder System And Atty Docket: 5201-01600 / P-2892 _‘

Method Having A Unifled Memory i e o e U, Fovta
For Transport Decode And System Servico a First Class Mail in an envelope addressed to; Assitant Commissioner
Controller Functions B for Patents, Washington D.C. 20231, on the dato indicated below:

Maria Kovecs

ovgei, g Wi et

[SUBMISSION OF FORMAL DRAWINGS PURSUANT TO 37 C.F.R. §1.85 |

Official Draftsman

Assistant Commissioner of Patents ' 'RECEW‘Dl ' i
Washington, D.C. 20231 . '  punitT noinn :
Sir: oct 26 L _

Applicant hereby substitutes the enclosed formal drawings for those preae;\tl‘ in the above referenced
application, , . Tt :

Respectﬁnlly submitted,
LSI Logic Corporation ‘
1551 McCarthy Bivd., MS D-106 )
- Milipitas, CA 95035 Sdidoen agai
. 408/954-4923 P Jage!

Date oct.21, 1998 Reg, No. 43,331

Pagelof1l
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| ﬂE@T @@PY o f““ \ unnzosw;; JEPARTMENT OF cpumance

Patent andTrademark Office
.+ 1 Address: COMMIBSIONER OF PATENTS AND TRADEMARKS
! Washington, D.C. 20231 . .
"'Arud ‘
SERIALNUMBER | FILINGDATE | " FIRBY NAMED APPLICANT . .| ATTORNEYDOCKETND. |
D&/ 7AE2EY 11/13/9€ CHAL 5201 -01600
o T EXAMINER )

S [ ViagTuUNILT FF | N papeRNUMBER _ |
JEFFREY 2 HO0OD
COMLEY ROSE & TAYON e
P D HDX 32&7 ' . MTEMM@;]‘L'
COHOLISTON TX 77R253-3267

11725798

This Is in response to the Power of Attorney filed

a The Power of Attomay to you In this application has boom ofkfa by the appllcant Future correspondence will
be mailed to the new address of record. 37 CFR 1.33.

B/The Power of Attomey to you In this application has been revoked by the assignee who has Intervened
as provided by 37 CFR 3.71. Future correspondence will be malled to the new address of record. (37 CFR 1 33).

D 3. The withdrawal as attomey in this application has been acoepted. Future oorroapondence will be malled to the
new address of record. 37 CFR 1.33.

Patent and Trademark Office

Ae Power of Attorney in this apptication Is aocapted Correspondence in this appllcatlon will be malled to the
below-noted address as provided by 37 CFR 1 33,

O 5. ThePower of Attorney in thls application s not accepted for the reason(s) checked below:

[Ja. The Power of Attomey is from an assignee and the Certificate required by 37 CFR3.73 (b) has not bean ;
received.

O b. The person slgnlng forthe asalgnes has omitted thelr empowerment to sign on behaif of the assignee.

Oe. Theclnventor(s) ls without authorlty to appolm attorneys since the aselgnae has Intervened as provided by
37.CFR 3.71 .

(Jd. The slgnature of _, a co-nventor in this
"~ application, has been omitted. The Power of Aftomey will be entered upon recelpt of confirmation signed
by sald co-Inventor.

[0 e. The person(s) appointed In the Power of Attarney Is not reglatared to practice before the U. S. Patent &
' Trademark Office.

[J1. The revocation ls not signed by the appl!cant the ass!gnee of the entlre interest, or gne partlcular prlnclpal
attorney having the authority to revoke. _

LT LGTE CORPORATION —I .
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