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SYSTEMS AND METHODS FOR ENCODING
AND DECODING

CROSS.REFERENCE TO RELATED
APPI-ICATIONS

This application claims the benefit of the following U.S.
Provisional Patent Applications: (l) U.S. App. No. 6ll384,
686, filed on Sep. 2O,2O1O'. (2) U.S..App. No. 611387,327,
filedon Sep.28,2010; (3) U.S. App. No.6l1443,658, filed on
Feb. 16, 201 1; and (4) 611443,660, filed on Feb. 16, 201 l.
Each ofthc above-refercnccd applications is hcrcby incorpo-
rated by reference in its entirety.

BACKGROUND

l. Field
The present technology relates to systems and methods for

encoding and decoding audio/video and other digital data.
More particularly, the technology relates 1o computer archi-
tecture and operating methods that can enable decoders to
decode unsupported formats ofaudio/video and other multi-
mcdia.

2. Description of the Related Art
Digital audio/video and general digital multimedia capa-

bilities can be incorporated into a wide range of devices,
including digital televisions, digital dircct broadcast systcms,
wireless communication devices such as radio telephone
handsets. wireless broadcast systems, personal digital assis-
tants (PDAs), laptop or desktop computeni, digital cameras,
digital recording devices, video gaming devices, video game
consoles. and the like. Digital devices implement image and
video encoding techniques or formats such as JPEG, Gll',
RAW TIFF, PBM, MPEG-2, MPEG-4, ancl H.26 4 I MPEG - 4.
Part 10, -Advanced Mdeo Coding (AVC), to store. transmit
and receive digital images and video efficiently. Digital
devices implement audio encoding techniques or formats
such as, AAC, MP3, and WAV to store, transmit, and receive
digital audio effciently. Digital devices further implement
additional data and graphics encoding techniques or formats
such as IGES,3DI PS, MNG, ODF and SVG.

Audio. video and other digital data are commonly encoded
prior to transmission or storage by an encoder, e.g., a server.
The encoding typically consists of operations such as com-
pression or organization into a selected format. The audio,
video and other digital data, collectively termed digital mul-
timedia. may be independently stored or provided to a user.
Alternatively, the digital multimedia may be embedded in
other digital data provided to a user. For inslance, an image,
video, or animation may bc part of an clc-ctronic ncwspapcr
article, an electronic slideshow, or a technical paper. In either
case, the digital multimedia must be decoded prior to display
by decoders resident on devices such as mobile devices. DVD
players, Blu-Ray players, TV sets, tablets, laptops, comput-
ers. or set top boxes. However, a particular decoder may not
support decoding of the format used by the encoder. For
example, the format usuJ by the encoder may be a legacy
format no longer supported by decoders, or may be a nevy
format that the decoder does not support.

Since different decoders may support different formats,
traditionally digital multimedia needed to be coded in many
different formats to support many dillerent decoders. For
example, a user downloading an audio/video file from a
server thnrugh a network such as the Intemet, may have many
devices such as a mobile phone, a TV set, a laptop, etc. The
downloaded content is traditionally in a single format. How-
ever, each ofthe user's devices may be configured to decode

2
a different format. Accordingly, the user may need to down-
load multiple versions of the audio/video data, each in a

diflerent format. for each ofthe decoders. This leads to band-
width usage of the network for each version downloaded.
Alternatively, the user might download and install a new
decoder for each codec type on each device in order to decode
the encoded multimedia. Howeve( this solution requires that
all legacy formats be supported on all devices. As a third
alternative, the user may transcode (decode and re-encode)
the digital multimedia received from the downloaded format
to each format required for each device. However, this
rcquircs computational resources to dccodc thc digital mul-
timedia from the received format and re-encode the digital
multimedia into the desired format. Further, this requires
memory resourres 10 slore each copy of the digital multime-
dia in each of the desired formats. Additionally, decoding and
re-encoding ofdigital data can lead to loss in quality due to
both the loss in precision and the lact that decoding and
encoding processes for multimetlia data are often lossy as
opposed to lossless processes.

One potential technique for avoiding transcoding and to
adapt to video conlent is to provide switches between pre-
determined standardized algorithms and tools as suggested in
1997 in Section 2.2. 1 of "The MPEG-4 Systems and Descrip-
tion Language: A Way Ahead in Audio Visual Information
Representation' by A. Ovaro. et al. As described in Section
2.2.1.3 of this document. the drawbacks include exhaustive
specification of all configurations, difEculty of scaling up
with increase in available tools. and challenges in anticipaling
future codec needs.

Similarly, a system for implementing reconfiguration of
decoder algorithm elements using flexible or fixed libraries at
both the encoder and decoder is proposed in Section 2.2.2 of
"The MPEG-4 Systems and Description Language: A Way
Ahead in Audio Visual Information Representation" by A.
Ovaro, et al. and described in more detail "Whitepaper on
Reconfigurable Video Coding (RVC)" ISO/IEC JTCVSC2O/
WGl 1 document N9586 by E. Jang, et al. Information about
which tools to sclcct from a dccodcr library is transmittcd
either prior to encoded audio/video transmission or is embed-
ded within the compressed audio/video bitstream. Systems
for implementing intermittent confi guration of algorithms are
described inU.S. Pat. No. 5.987,181. Decodingtools or algo-
rithms are selected lnrm local libmries at the decoderlhmugh
indicators embedded within the compressed bitstream. How-
ever, the'se apprcaches are limiled to specific, pre-deterrnined
toolsets and restrict flexibility of systems.

Two systems for partially reconfiguring decoders without
the use oflocal libraries at the decoder are given "Dynamic
Replacement ofVideo Coding Elements" by Bystrom, et al.
and 'A Syntax for Defining. Communicating, and Imple-
menting Mdeo Decoder Function and Structure" by Kanna-
gara, et al. The first transmits a tool foran inverse transform at
the start ofanencoded video frame ortransmits a binarypatch
for replacing code in a decoder. The latter transmits encoded
algorithms or data with the compressed video and adds the
encoded algorithms to the decoder or replaces existing algo-
rithms within the decoder.

SUMMARY

The systems, methods. and devices described herein each
may have several aspects, no single one of which is solely
responsible for its desirable attributes. Without limiting the
scope of this disclosure as expressed by the claims which
follow, its more prominent features will now be discussed
briefly. After considering this discussion, and particularly
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after reading the section entitled "Detailed Description" one
will understand how the features ofthis technology provide
advantages that include, without being limited thereto,
ernbling decoden to decode unsupporled multimedia for-
mats.

One aspect of this disclosure is a multimedia processing
engine. The multimedia processing engine comprises a for-
mat analyzer configured to determine the format of multime-
dia data. The engine also includes a functionality generator in
communication with the fonnat analyzer. The functionality
generator is conflgured to select or generate functionality for
decoding the multimedia data.

Another aspect of this disclosure is a multimedia process-
ing engine comprising a functionality interpreter. The func-
tionality interpreter is configured to receive data correspond-
ing to a functionality. The functionality interpreter is further
configured to generate the functionality based on the data.

The engine also includes a functionality instantiator. The
functionality inslantiator is configured to generate a decoder
based on the functionality. The decoder is configured to
decode multimedia data.

BRIEF DESCRIPT]ON OF THE DRAWINGS

The foregoing and other features ofthe present disclosure
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the dis-
closure and are not to be considered limiting ofits scope, the
disclosure will be described with additional specificity and
detail through use ofthe accompanying drawings.

FIG. I is a block diagram illustrating a multimedia ana-
lyzerlfunctionality generator that performs techniques as

described in this disclosure.
FIG. 2 is a block diag.ram illustrating a multimedia

receiver/decoder that performs techniques as described in this
disclosurc.

FIG. 3 is a flowchart illustrating an exemplary process for
analyzing the format of multimedia data.

FIG. 4 is a flowchart illustrating an exemplary process for
generating I'unctionality lbr a decoder.

FIG. 5 is a fiowchart illustrating an exemplary process ftrr
generating a decoder.

DETAILED DESCRIPTION

The following detailed description is directed to certain
specific cmbodiments. However, the tcachings hercin can be
applied in a multitude of different ways, including for
example, as defined and covered by the claims. It should be
apparent that the aspects herein may be embodied in a wide
variety of lbrms and that any specific structure, function, or
both being disclosed herein is merely representative. Based
on the teachings herein one skilled in the art should appreciate
that an aspect disclosed herein may be implemented indepen-
dently of any other aspects and that two or more of these
aspects may be combined in various ways. For example, a

system or apparatus may be implemented or a method may be
practiced using any number ofthe aspects set forth herein. In
addition, such a system or apparatus may be implemented or
such a method may be practiced using other structure, func-
tionality, or structure and functionality in addition to or other
than one or more of the aspects set forth herein. In this
descriptioq reference is made to the drawings wherein like
parts are designated with like numerals throughout.

4
Various embodiments of systems and methods are

described herein for encoding and decoding digital multime-
dia and/or functionality. In the embodiments described
hcrein, thc systems and mcthods may allow digital multimc-
dia to be encoded and decoded in a more efficient manner. For
example, the systems and methods described herein may
allow for configuration of a dtrcoder lo support drcoding of
additional lbrmats of multimedia. Further, the systems and
methods may allow for any type of configuration, without
requiring replacemenl ofthe decoder hardware or download
ofnew configuration data fiom an alternate data source other
than the data provided with the digital multimedia.

In one embodiment. the systems and methods described
herein correspond to a reconfigurable decoder/receiver of
digital multimedia. The systems and methods described
herein further correspond to a multimedia analyzerlfunction-
ality generator configured to determine the coding format of
encoded multimedia and generate synlax elements (e.g.,
codewords) for use by the receiver that are used to configure
the decoder as further discussed below. It should be noted that
certain embodiments described below may reference code-
words, however, other syntax elements may be similarly used.

FIG. I is a block diagram illustrating a multimcdia ana-
lyzerlfunctionality generator 100 that performs lechniques as

described in this disclosure. The multimedia analyzerlfunc-
tionality generator 100 includes a format analyzer 102 andan
optional first buffer 104 cach configurcd to rcceive multimc-
dia. The optional fint bufler 104 is optionally in communi-
cation with a format annotator 106. The format analyzer 102
is in communication with a decoder lunctionality generator
108. The decoder functionality generator 108 is optionally in
communication with an optional sourcey'channel encoder
110, which is further in communication with the fonnat anno-
tator 106. Altematively or additionally, the decoder funotion-
ality generator 108 is directly in communication with the
format annotator 106. The format annotator 106 is optionally
in communication with an optional multiplexer 112. The
functionality of the components of the multimedia analyzerl
functionality generator 100 is discussed in detail below.

The format analyzer 102 is configured to receive encoded
multimedia data. The format analyzer 102 is configured to
analyze the encoded multimedia in order to determine the
format in which the multimedia is encoded. For example, the
format analyzer 102 may compare the encoded multimedia
against structures stored in a library such as a local library
(e.g.. a local memory store) of the format analyzer 102 or a
non-local library (e.g., network storage), where different
structures are associated with different formats. The struc-
tures may include. for example, file names, stream headers,
formatting codes. etc. Bascd on thc comparison to thc struc-
rures, if a format with matching structures is found, the format
analyzer 102 determines the format of the encoded multime-
dia. If matching structures are nol found, the format analyzer
may determine that the multimedia data are encoded in an
unknown format. C)ne of ordinary skill in the art should rec-
ognize that the format analyzer 102 may be configured to
oompare anrVor analyze the multimedia to interpret a format
in other manners as well. 'l'he format analyzer 102 further
provides information about the detected format or a signal
indicating an unknown format to the decoder functionality
generator 108. In an altemate embodiment the format ana-
lyzer 102 may be configured to additionally receive a second
encoded multimedia stream so that multiple streams may be
processed in serial or in parallel. The format analyzer 102 is
configured to analyze the second encoded multimedia data in
order to determine the format in which the multimedia data
are encoded. The format of the second encoded multimedia
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stream may differ from that of the first encoded multimedia more syntax elements with optional ovethead information.
stream. The forrnat of the second stream is provided to the The overhead information may correspond to information
decoder functionality generator 10E. used by the decoder to identify and/or decode the syntax

Thc dccoder functionality gcnerator 108 is configured to clcments such as a hcadcr that identifics thc data as codc-
receive the information about the detected format or a signa'l s words. In another embodiment, the mapping function is per-
indicating an unknown lbrmat lrom the lbrmat analyzer 102. lbrmed by a l-unctionality encoder that is part of a separate
If the format is known, then the decoder functionality gen- module than the de,soder functionality generator 108. As an
erator 108 identifies one or more functionalities that are example, the decoder functionality generator 108 may gen-
capable of decoding the detected format. The functionalities erate or select from algorithms written in a specific language,
may further be stored in a local library or a non-local library. r o such as C. 'l'he decoder functionality generator 1 08 or the
The decoder functionality generator 108 may then select a extemal frurctionality encoder may then map the C-language
particular functionality based on the identified functionalities instructions to bytecodes or other codewords with optional
that are capable of decoding the detected format. In one overheadinformation. Inafurtherembodimentlhefunction-
embodiment, the decoder functionality generator 108 has ality generator 10E sends information regarding the selected
only one functionality to select from the library per fomrat. In t s functionality corresponding to a second input encoded mul-
anotherembodiment, the decoder functionality generator 108 timedia stream to the oplional source/channel encoder L10 or
is configured to receive functionality from a user as an input. directly to the format annotator 106. The infomration may be
In another embodiment the decoder functionality generator transmitted in sequence with the information regarding the
108 may be configured to receive information about a selectedfunctionalityofafirslencodedmultimediastreamor
detected fomrat for a second input encoded multimedia :o maybesentseparatelyfromthatofafirstencodedmultimedia
stream from the format analyzer 102. The decoder function- strcam.
ality generator 108 may be configured to process the infor- The optional source/channel encoder 110 is configured to
mationaboutthedctcctcdformatsofthcfirstandsecondinput receive thc syntax clements and optional overhcad informa-
encodedmultimediastreamsinparallelorinserial. tion from the decoder functionality generator 108 and to

In another embodiment, the decoder functionality genera- 2s source and./or channel encode the syntax elements and over-
tor 108 has multiple functionalities to select from the library head information. Source coding may include compression
pcr format. Difcrcnt functionalitics may havc dilfcrcnt fca- and various cntropy cncoding configurations may bc used as
turessuchastypeofpostprocessingofdecodeddata.differ- would be understood by one ofordinary skill in the art.
ent temporal and spatial prediction algorithms, etc. Further, Various channel encoding configurations may be used as
different lunctionalities may require different complexity ol ro would be underskxrd by one of ordinzry skill in the art.
the decoder. For example. some functionalities may require Furthermore, joint source-channel coding may be used as
more or less memory for storage of code and data elements. would be understood by one of ordinary skill in the art. The
Some functionalities may require more or less computational source/channel encoder 110 may then transmit the encoded
power to execute. Some functionalities may require more or data to the format annotator 106.
lesstimeforthedecodertoexecute.Somefunctionalitiesmay :s The format annotator 106 is configured to receive the
require more bandwidth to transmit over a communication encoded multimedia from the optional buffer 104 or is in
channel. Accordingly, the decoder functionality generator direct communication with the storage or other mechanism
108 may optiornlly receive an input indicating information supplyingtheencodedmultimedia.Theformatannotator106
regarding the decoder to which the multimedia data are to be is further configured to receive the syntax elements and
sent and./or information regarding the communication chan- +o optional overhead information directly from the decoder
nel over which the muhimedia data are to be sent. Based on functionality generalor 108, or source and./or channel
thisinformation,thedemderfunctionalitygeneratorl08may encoded syntax elements and optional overhead information
select a particular functionality for decoding the determined from the source/channel encoder 110. In one embodiment,
format. Ior example. functionalities that require less band- the format annotator 106 is configured to act as a multiplexer.
width to transmit may be used when the informalion indicates as Accordingly, the format annotator 106 is configured to mul-
that channel bandwidth is limited. funher, functionalities tiplexthesyntaxelementsandoptionaloverheadinformation
that require less power may be used when the information (source and,/or channel encoded or not) with the encoded
indicates the decoder has a panicular constraint on power multimedia to form a single set of bits of data or bitstream
consumption. Further, functionalities that require less storage corresponding to both pieces ofdata. In another embodimenl,
may be uscd whcn thc inforrration indicates the dccodcr has 50 thc format annotator 106 kceps thc cncoded multimcdia and
limitedspace,orastoragemediumonwhichthefunctionality syntax elements and optional overhead information (source
or encoded multimedia is stored has limited space. Further, and/or channel encoded ornot) as separate sets ofbits ofdata
compression performance of the decoding algorithms in orbitstreams.
termsol'bitrateforaparticularsubjectiveorobjeclivequality The lbrmat annotator 106 then makes the bitstream(s)
level may be used when information regarding this parameter 55 availab'le to a receiver/decoder or a storage unit. Optionally,
is available.'lhe decoder functionality generator 108 may be the format annotator 106 makes the bitstream(s) available to
configured to weigh multiple points of information in select- an optional multiplexer 112. In one embodiment. the optional
ing the functionality. 'l'he relative weights assigned to each multiplexer 112 is configured to receive the bitstream(s) from
point of irformation may be static or adjustable. One of the format amotator 106 and multiplex the bitstreaur(s) with
ordinary skill in the art should understand similar selection 6o a second digital data stream. The second digital data stream
processesforfunctionalitiesmaybeperformed. which is input to the optional multiplexer 112 may be an

The decoder functionality generator 108 further sends electronic document, a web page, orotherelectronic data. In
information regarding the selected functionality to the another embodiment, the optional multiplexer 112 is config-
optional sourcdchannel encoder I 10 or directly to the format ured to receive the bitstream(s) from the format annotator I 06
annotator 106. In one embodimenl the informalion corre- os and multiplex the bitstream(s) with a second digital data
sponds to syntax elements such as codewords. The decoder slream and overhead. The overhead may consist ofinforma-
functionality generator 108 maps the functionality to one or tion such as syncbronization codes, identification informa-
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tion, and additional access mechanism instructions. The
optional multiplexer 112 then outputs the multiplexed bit-
stream lo a receiver/decoder or a storage unit. For example,
the format annotator 106 may output the bitstrcam(s) or the
optional nrultiplexer 772 may output the multiplexed bit-
stream to a storage medium, such as random access memory
(RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAI\I[), electrically erasable pro-
grammable read-only memory (BEPROM), I'LASH
memory, magnetic or optical data stomge media (e.g., DVD,
Blu-Ray, CD, etc.), and the like. The storage medium may be

accessible by the receiver/decoder. Additionally or alterna-
tively, the format amotator 106 outputs the bitstream(s) or the
optional multiplexer 112 outputs the multiplexed bitstream
forwiredorwirelesstransmissionto the receiver/decoder. For
example. the format annotator 106 oulputs the bitstream(s) or
the optional multiplexer 112 outputs the multiplexed bit-
stream to an appropriate transceiver and./or modem for trans-
mitting the bitstream(s) to the receiver/decoder over one or
more communication channels. .Any known wired and/or
wireless protocol may be used such as, IEEE 802.11 stan-
dards, including IEEE 802.11(a), O), or (g), thc BLUE-
TOOTH standard, CDMA, GSM, TDMA, Ethernet (IEEE
802.3), and/or USB. The receiver/decoder may utilize the
bitstream(s) to configure a decoder to decode the encoded
multimcdia data as discussed in furthcr dctail bclow with
respect lC) FIG. 2.

FIG. 2 is a block diagram illustrating a multimedia
receiver/decoder that perftrrms techniques as described in this
disclosure. The receiver/decoder 200 includes a bullbr 202 in
communication with a multimedia decoder 204. The multi-
media decoder 204 is further in communication with a func-
tionality interpreter and instantiator 206. The re,ceiver/de-
coder 200 optionally includes a demultiplexer 20E in
communication with the buffer 202 and the functionality
interpreter and instantiator 206 (directly or via a configura-
tion infomration entropy decoder 210). The receiver/decoder
200 further optionally includes the configuration information
source/channel decoder 210 in communication with the func-
tionality interpreter and instantiator 206. The configuration
information sourcdchannel decoder 210 is further in commu-
nication with the optional demultiplexer 208, if the format
annotator 106 orthe optional multiplexer 112 included in the
format analyzer/functionality generator 200 creates a joint
bitstream. The functionality of components ofthe multimedia
receiver/decoder 200 is described in further detail below.

The presence or absence of optional components in the
receiver/decoder 200 may be based on the configuration of
componcnts of a corresponding multimedia analyzcrlfunc-
tionaliry generator (e.g., multimedia analyzerlfunctionality
genemtor 100) that sends encoded multimedia data and/or
functionality to the receiver/decoder 200 for decoding. For
example, if multimedia data are sent lnrm an encoder to the
receiver/decoder 200 is multiplexed as discussed above with
respect to the format annotator 106 and optional multiplexer
112 components of FIG. I, the receiver/decoder may include
the demultiplexer 208 to demultiplex the multiplexed data. In
addition, if the data received from the encoder are source
and/or charurel encoded as discussed above with respect to
FIG. l, the receiver/decoder 200 may include the source
and/or channel decoder 210 to decode the data.

The bufler 202 is configured to receive encoded multime-
dia that has been processed by a multimedia format analyzerl
functionality generator such as discussed above with respect
to FIG. l' The bulfer 202 may receive the encoded multime-
dia data as a bitstream directly from the multimedtaanalyzerl

8
functionality generator. Altematively, the multimedia format
analyzerlfunctionality generator may send a bitstream with
the encoded multimedia multiplexed with syntax elements
and optional overhead information corresponding to func-
tionality. In another embodiment, the multimedia lbrmat ana-

lyzerlfunctionality generator may send a multiplexed bit-
stream with the encoded multimedia multiplexed with syntax
elements and optional overhead information corresponding
to functionality and further multiplexed with a second digital
data stream and optional overhead. Accordingly, the demul-
tiplexer 208 receives the bitstream and demultiplexes the data
into an encoded multimedia data bitstream with the encoded
multimedia data and a functionality data bitstream with both
the synlax elements and optional overhead information and
an optional second data stream. The demultiplexer 208 then
sends the encoded multimedia data bitstream lo the buffer
202. The demultiplexer 208 funher sends the functionality
data bitstream to the configuration information source/chan-
nel decoder 210 and/or the functionality interpreter and
instantiator 206. In a second embodiment, the demultiplexer
208 receives the multiplexed bitstream and demultiplexes the
data into an encoded multimedia data bitstream with the
encoded multimedia data and a functionality data bilstream
with the codewords and first and second sets of optional
overhead information.

The configuration information source/channel decoder
210 is configured to source and/or channel decode the firnc-
tionality data bitstream when the data are source and/or chan-
nel encoded by the corresponding encoder. The configuration
information source/channcl dccodcr 210 is configurcd to send

the decoded functionality data bitstream to the functionality
interpreler and instantiator 206. In a further ernbodiment, if
functionality data corresponding to a second encoded multi-
media stream are transmitted by the multimedia analyzerl
functionality gcncrator 100 or rcccivcd from a storage

medium then the configuration information source/channel
decoder 210 may be configured to receive the encoded fi.rnc-
tionality data corresponding to the second stream. lurther, the
configuration information source/channel decoder 210 may
bc configured to prccess functionality data corresponding to
multiple compressed multimedia streams in serial or in par-
allel.

The functionality interpreter and instantiator 206 receives
the fi.rnctionality data bitstream, which includes syntax ele-
ments and optional fust and second overhead information, as

discussed above. The functionality interpreter and instantia-
tor 206 maps the syntax elements to the correct functionality.
For cxamplc, the syntax clements may map to functionality
such as processing elements, structures, and or code seg-
ments. Based on these syntax elements, the functionality
interpreter and instantiator 206 interconnects, parameterizes,
or adds to existing syntax elements used by the multimedia
decoder 204. The functionality interpreter and instantiator
206 generates machine code or hardware organization and
links the code or oryanization with the multimedia decoder
204, thus configuring the multimedia decoder 204 based on
the received functionality. In a further embodiment, if fi.rnc-
tionality data corresponding to a second encoded multimedia
stream are transmitted by the multimedia analyzerlfunction-
ality generator 100 then the functionality interpreter and
instantiator 206 may be configured to receive the functional-
ity data corresponding to the second stream. Further, the
functionality interpreter and instantiator 206 may be config-
ured to process functionality data corresponding to multiple
encoded multimedia streams inserial orinparallel. Inanother
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embodiment, the functionality interpreter and instantiator
206 may delay some or all of its operations until triggered by
an optional control signal.

The multimedia decodcr 204 is configured by thc fi:nction-
ality interpreter and instantiator 206 as discussed above. The
multimedia decoder 204 f'urther receives the multimedia data
to be decompressed according to the received functionality
I'rom the buli'er 202. The multimedia decoder 204 decom-
presses the encoded multimedia data and outputs the decoded
multimedia data. ln a further embodiment, if functionality
data corresponding to a second encoded multimedia stream is
transmilted by the multimedia analyzer/functionality genera-
tor 100 then the multimedia decoder 204 may be configured to
decompress the second stream. Further, the multimedia
decoder 204 may be configured to process the multiple com-
pressed multimedia streams in serial or in parallel. ln another
embodiment, the multimedia decoder 204 may delay decod-
ing the encoded multimedia data until figgered by an
optional control signal. The multimedia decoder 204 may
comprise a field programmable gate aray (FPGA) or other
suitable confi gurable c ircuitr_v.

FIG. 3 is a flowchart illustrating an exemplary process 300
for analyzing the format of multimcdia data. Starting at a stcp
305, encoded multimedia data are received at a multimedia
format analyzer. Continuing at a step 310, the multimedia
format analyzer compares the encoded multimedia data Io
strucfures (e.9., file names, strcam hcadcrs, formatting codes,
etc.) associated with formats. Further at a step 315, the mul-
timedia format analyzer determines whether or not the mul-
timedia data match structures in the libnry. If, at step 315. the
multimedia lbrmat analyzer determines the multimedia data
match structures in the library, the process continues to a step
320. At the step 320 the multimedia format analyzer outputs
an indicator of the format(s) associated with the matching
structures. If at step 315, the multimedia format analyzer
determines the multimedia data do not match structures in the
library, the process continues to a step 325. At the step 325 the
multimedia format analyzer outputs an indicator that the for-
mat of the multimedia data is unknown.

FIG. 4 is a flowchart illustrating an exemplary process 400
for generating functionality for a decoder. Starting at a step
405, the multimedia decoder functionality generator receives
an indicator of a multimedia format. Continuing at a step 410,
the multimedia decoder functionality generator optionally
further receives information about a receiver/decoder. The
information may include information regarding memory pro-
cessor, mobility, or power consraints, etc. of the decoder.
Further, at a step 415, the multimedia decoder functionality
generator further optionally receives information about a

communication channcl over which cncoded multimcdia
and./or functionality information is to be sent to the receiver/
decoder. The information may include bandwidth limitations,
load, etc. Next, at a step 420, the multimedia analyzerlfunc-
tionality generator determines which f'unctionality to select
for decoding multimedia data of the indicated multimedia
format based on the received indicator, optional information
about the decoder antVor oplional information about the
communication channel. Continuing at a step 425. the multi-
media analyzer/functionality generator selects syntax ele-
ments such as codewords that map to the selected function-
ality. Further at a step 430, the multimedia decoder
functionality generator may provide the syntax elements to
the receiver/decoder or storage.

FIG. 5 is a flowchart illustrating an exemplary process 500
for generating a decoder. At a step 505, the receiver/decoder
receives syntax elements such as codewords. Continuing at a
step 510. the receiver/decoder additionally receives encoded

10
multimedia data. Further at a step 515, the decoder generates
a new functionality for decoding the encoded multimedia data
based on the received syntax elements. Next at a step 520, the
decoder de'codes the encoded multimedia data using the new
functionality.

One of ordinary skill in the art should recognize thar vat',-
ous steps may be added or omitted from the processes 300.
400, and 500. Further. the various steps ofthe processes 300,
400, and 500 may be performed in a tlifferent order than
described above.

The technology is operational with numerous other general
purpose or special purpose computing system envinonments
or configurations. Examples of well known computing sys-
1ems, envirunments, and./or configurations that may be suit-
able for use with the technolory disclosed herein include, but
are not limited to, personal mmpulers, server computers,
hand-held or laptop dwices, multiprocessor systems, micro-
processor-based systems, programmable consumer electron-
ics, network PCs, minicomputers, mainframe computers, dis-
tributed compuling environments that include any of the
above systems or devices, and the like.

As uscd hcrcin, instructions rcfcr to computer-imple-
menled steps for processing information in the system.
Instructions can be implemented in software, firmware or
hardware and include any type of programmed slep under-
taken by componcnts of thc system.

A Local Area Network (LAN), perconal area network
(PAN), or Wide Area Network (WAN) may be a home or
corporale compuling network, including access to the Inter-
net, to which computers and computing devices comprising
the system are connected. In one embodiment, the LAN con-
forms to the'fransmission Control Protocol/Internet Protocol
(TCPIP) industry stanclzrd.

As used herein, multimedia, multimedia data, digital data,
and digital multimedia refer to images. graphics. sounds,
video. animations. electronic documents, scientific data, or
any other digital data type data that is entered into the system.

As used herein, encoded digital data refers to data that are
stored or held in a data format, which may be compressed or
uncompressed.

As used herein, decode refers to decompression, interpre-
tation, playback or conversion.

A microprocessor may be any conventional general pur-
pose single- or multi-chip microprocessor such as a Pen-
tium@ processor, a Pentium@ Pro processor, a 805 I proces-
sor, a MIPS{D processor, a Power PC@ processor, or an
Alpha@ processor. In addition, the microprocessor may be
any conventional special purpose microprocessor such as a
digital signal processor or a graphics processor. Thc micro-
processor typically has conventional address lines. conven-
tional data lines. and one or more conventional control lines.

The system is comprised of various modules/components
as discussed in detail. As can be appreciated by one of ordi-
nary skill in the art, each of the modules comprises various
sub-routines. procedures, definitional statements and macros.
Each of the modules are typically separately compiled and
linked into a single executable program. 'I'herefore, the
description ofeach ofthe rnodules is used for convenience to
describe the functionality of the preferred system. Thus, the
prccesses that are undergone by each of the modules may be
arbitmrily redistributed to one of the other modules, com-
bined together in a single module, or made available in, for
example, a shareable dynamic link library.

The system may be used in connection with various oper-
ating systems such as Linux@, UNIX@ or Microsoft Wir-
dows@.
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The system may be written in any conventional program-
ming language such as C, C++, BASIC, Pascal, or Java, and
ran under a conventional operating system. C, C++, BASIC,
Pascal. Java, and FORTRAN are industry standard program-
ming languages for which many commercial compilers can

be used to create executable code. The system may also be
written using interpreted languages such as Perl, Python or
Ruby.

A web browser cornprising a web browser user interface
may be used to display information (such as textual and
graphical infonnation) to a user. The web browser may cotn-
prise any type of visual display capable of displaying infor-
mation received via a network. Examples of web browsers
include Microsoft's Intemet Explorer browser, Netscape's
Navigator browser, Mozilla's Firefox browser, PalmSource's
Web Browser, Apple's Safari. or any other browsing or other
application software capable of communicating with a net-
work.

Those of skill will further appreciate that the various illus-
trative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodimenls disclosed
herein may be implemented as electronic hardware, computer
softwarc. or combinations of both. To clcarly illustratc this
interchangeability of hardware and software, various illustra-
tive components, blocks, modules, circuits. and steps have
been described above generally in tenns oftheir functionality.
Whether such functionality is implcmcntcd as hardwarc or
software dqrends upon the particular application and design
constraints imposed on the overall system. Skilled artisans
may implement the described functionalily in varying ways
lbr each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope ofthe present disclosure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein rnay be implemented or performed with a gen-
eral purpose prccessot a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate anay (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereofdesigned to perform
the functions described herein. A general purpose processor
may be a microprocessot but in the altemative. the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as

a combination of computing devices, e.g.. a combination of a

DSP and a microprocessoS a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such conliguration.

In one or morc cxamplc cmbodiments, thc functions and
methods described may be implemented in hardware, soft-
ware, or firmware executed on a prccessot or any combina-
tionthereof. If implemented in software, the functions may be
stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Computer-readable
media includes both computer storage media and communi-
cation media including zury mtxlium that facilitates transler of
a computer program from one place to another. A storage
rnedia may be any available rnedia that can be accessed by a
computer. By way of example, and not limitation, such com-
puter-readable media can comprise RAM. ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that
can be used to carry or store desired program code in the form
of instructions or data structures and that can be accessed by
a computer. Also, any connection is properly termed a com-
puter-readable medium. For example, if the software is trans-

t2
mitted from a website, server, or other remote source using a

coaxial cable, fiber optic cable, twistedpair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio,
and microwave, thcn the coaxial cable. fibcr optic cable,
twisted pair, DSI,, or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. Disk and disc. as used herein, includes compact disc
(CD), laser disc, optical disc, digital versatile disc (DVD),
floppy disk and Blu-ray disc where disks usually reproduce
data magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.

With respect to the use of substantially any plural and./or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is apprcpriate to the conlext and/or application.
The various singular/plural permutations may be expressly
set forth herein for sake ofclarity.

It will be understood by those u'ithin the art that, in general,
terms used herein, and especially in the appended claims
(e.g.. bodies of the appended claims) are generally intended
as "open" temls (e.9.. the term "including" should be inter-
pretcd as "including but not limitcd to," thc tcrm "having"
should be interpreted as "having at least." the term "includes"
should be interpreted as "includes but is not limited to," etc.).
It will be further understood by those within the art that if a

spccific number ofan introduccd claim recitation is intended,
such an intent will be explicitly recited in the claim. and in the
absence of such recitation no such intent is present. For
example, as an aid to underctanding, the following appendul
claims may contain usage ofthe introductory phrases "at least
one" and "one or more" to'introduce claim recitations. How-
ever, the use ofsuch phrases should not be construed to imply
that the introduction of a claim recitation by the indefinite
articles "a" or "an" limits any particular claim containing
such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes
the introductory phrases "one or more" or "at least one" and
indefinite articles such as "a" or "an" (e.g., "a" and/or "an"
should typically be interpreted to mean "at least one" or "one
or more"); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, wen if a

specific number ofan introduced claim recitation is explicitly
recited. those skilled in the art will recognize that such reci-
tation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of "two recitations,"
without other modifiers. typically means at least two recila-
tions, or two or more recitations). Furthermore, in those
instances where a convention analogous to "at least one ofA,
B, and C, etc." is uscd, in gcncral such a construction is
intended in the sense one having skill in the art would under-
sland the convention (e.g., "a system having at least one ofA,
B, and C" would include but not be limited to systems that
haveA alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to "at least
one ofA, B. or C, etc." is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.9., "a system having at least one
ofA, B, or C" would include but not be limited to systems that
haveA alone, B alone, C alone, A and B together, A and C
together, B and C together, and/orA, B, and C together, etc.).
It will be fuither understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more altemative terms, whether in the description, claims,
or drawings, should be understood to contemplate the possi-
bilities of including one of the terms. either of the terms, or
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both terms. For example. the phrase'A or B" will be under-
stood to include the possibilities of 'A" or "B" or'A and B."

While the above description has pointed out novel features
of the tcchnology as applicd to various cmbodiments, the
skilled person will understand that various omissions, substi-
tutions, and changes in the lbrm and details ofthe device or
process illustratel may be made wilhout deparling from the
scope ofthe instant technology. Therelbre, the scope ol'the
technology is defined by the appended claims rather than by
the foregoing description. All variations coming within the
meaning and range of equivalency of the claims are embraced
within their scope.

What is claimed is:
1. A multimedia prccessing engine comprising:
a format analyzer configured to determine the format of

encoded audio/video data;
a functionality generator in communication with the for-

mat analyzer, the functionality generator being config-
ured to select or generate hardware and software plat-
form independent functionality that decodes the audio/
video data encoded in the determined forrnat;

the functionality generator being further configured to gen-
erate or select hardware and software platform indcpcn-
dent syntax elements that contain inforrnation to create
and implement a nevr functionality that decodes the
audio/video data encoded in the determined format in a

rcceivcr in which dccoding ofaudio/video data encodcd
in the determined format is unsupported; and

a multiplexer configured to multiplex the encoded audio/
vidtxr data with the syntax elements and send the multi-
plexed data and syntax elements to a non-transient stor-
age medium as a single set of bits.

74
2. The multimedia processing engine of claim 1, wherein

the functionaliry for decoding the audio/video data is stored
in a library associated with the functionality generator.

3. The multimedia prucessing engine of claim 1. wherein
the functionality for decoding the audio/video data is selected
from functionality received from a user.

4. The multimedia processing engine of claim 1. wherein
the syntax elements comprise codewords.

5. The multimedia processing engine of claim 1, further
comprising a transmitter configured to transmit the syntax
elements to a decoder.

6. A multimedia processing engine comprising:
a demultiplexer configured to demultiplex from a non-

transient storage medium a single set ofbits encoding
audio/video data and hardware and software platform
independent syntax elements sufficient for creating and
implementing functionality that decodes the encoded
audio/video data and that is unsupported by the multi-
media processing engine prior to receiving the single set
of bits;

a functionality interpreter configured to:

receive the syntax elements; and

create and implement the new functionality based on the
syntax elemcnts: and

a functionality instantiator conflgured to generate a
decoderbased onthe created and implemented ftrnction-
aliry wherein the decoder is conligured to decode the
encoded audio/video data using the implemented func-
tionality.

*****
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