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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention relate
generally to digital media and, more specifically, to pre-
buffering audio streams.

Description of the Related Art

[0002] Digital content distribution systems convention-
ally include a content server, a content player, and a com-
munications network connecting the content server to
the content player. The content server is configured to
store digital content files, which can be downloaded from
the content server to the content player. Each digital con-
tent file corresponds to a specific identifying title, such
as "Gone with the Wind," which is familiar to a user. The
digital content file typically includes sequential content
data, organized according to playback chronology, and
may comprise audio data, video data, or a combination
thereof.
[0003] The content player is configured to download
and play a digital content file, in response to a user re-
quest selecting the title for playback. The process of play-
ing the digital content file includes decoding and render-
ing audio and video data into an audio signal and a video
signal, which may drive a display system having a speak-
er subsystem and a video subsystem. Playback typically
involves a technique known in the art as "streaming,"
whereby the content server sequentially transmits the
digital content file to the content player, and the content
player plays the digital content file while content data is
received that comprises the digital content file.
[0004] In a typical streaming system, a certain amount
of the audio and video data associated with the currently
selected digital content file needs to be buffered before
the digital content file can be played with an acceptable
quality. In a scenario where a user rapidly switches be-
tween digital content files, the buffering requirements re-
sults in interrupted playback since the newly selected
digital content first must be buffered.
[0005] US 2009/190582 discloses a streaming media
receiving box in a packet network including a first trans-
ceiver to transmit and receive communications over a
packet network, a second transceiver to transmit and re-
ceive communications over a local area network and a
processor cooperating with the first and second trans-
ceivers. US 2008/056145 discloses systems and meth-
ods for transmitting audio and video messages between
network terminals over a network. A communication link
is established between a first network terminal and a sec-
ond network terminal, and audio data and video data is
transmitted concurrently over the link.
[0006] As the foregoing illustrates, what is needed in
the art is an approach for buffering digital content files

that may be selected by the user for viewing next.

SUMMARY OF THE INVENTION

[0007] Particular and preferred aspects of the present
invention are set out in the appended claims. One exam-
ple disclosed herein sets forth a computer-implemented
method for identifying and pre-buffering audio/video
stream pairs. The method includes the steps of identify-
ing for pre-buffering at least one audio/video stream pair
that may be selected for playback by a user subsequent
to a currently playing audio/video stream pair and com-
puting a first rate for pre-buffering an audio portion of the
at least one audio/video stream pair and a second rate
for pre-buffering a video portion of the at least one au-
dio/video stream pair. Wherein the first rate and the sec-
ond rate are proportional to a probability indicating the
likelihood that the identified at least one audio/video
stream pair may be selected for playback by the user
subsequent to the currently playing audio/video stream
pair. The method further comprises downloading the au-
dio portion at the first rate and downloading the video
portion at the second rate, and storing the downloaded
audio portion and the downloaded video portion in a con-
tent buffer.
[0008] Advantageously, pre-buffering audio/video
stream pairs having a high probability of being selected
for viewing next allows for a seamless transition when a
user selects one of the pre-buffered audio/video stream
pairs for viewing. In addition, pre-buffering the audio por-
tion of an audio/video stream pair at a higher rate than
the video portion of the audio/video stream pair allows
for playback to be started faster without compromising
audio quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited
features of the present invention can be understood in
detail, a more particular description of the invention, brief-
ly summarized above, may be had by reference to em-
bodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this in-
vention and are therefore not to be considered limiting
of its scope, for the invention may admit to other equally
effective embodiments.

Figure 1 illustrates a content distribution system con-
figured to implement one or more aspects of the
present invention;

Figure 2 is a more detailed view of the content player
of Figure 1, according to one embodiment of the in-
vention;

Figure 3 is a more detailed view of the content server
of Figure 1, according to one embodiment of the in-
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vention;

Figure 4A is a more detailed view of the sequence
header index of Figure 1, according to one embod-
iment of the invention;

Figure 4B illustrates data flow for buffering and play-
back of digital content associated with a digital con-
tent file, according to one embodiment of the inven-
tion; and

Figure 5 is a flow diagram of method steps for iden-
tifying and pre-buffering audio/video stream pairs
that may be selected for viewing next, according to
one embodiment of the invention.

DETAILED DESCRIPTION

[0010] In the following description, numerous specific
details are set forth to provide a more thorough under-
standing of the present invention. However, it will be ap-
parent to one of skill in the art that the present invention
may be practiced without one or more of these specific
details. In other instances, well-known features have not
been described in order to avoid obscuring the present
invention.
[0011] Figure 1 illustrates a content distribution system
100 configured to implement one or more aspects of the
present invention. As shown, the content distribution sys-
tem 100 includes, without limitation, a content player 110,
one or more content servers 130, and a communications
network 150. The content distribution system 100 may
also include a content directory server 120. In one ex-
ample, the one or more content servers 130 comprise a
content distribution network (CDN) 140.
[0012] The communications network 150 includes a
plurality of network communications systems, such as
routers and switches, configured to facilitate data com-
munication between the content player 110 and the one
or more content servers 130. Persons skilled in the art
will recognize that many technically feasible techniques
exist for building the communications network 150, in-
cluding technologies practiced in deploying the well-
known internet communications network.
[0013] The content directory server 120 comprises a
computer system configured to receive a title lookup re-
quest 152 and generate file location data 154. The title
lookup request 152 includes, without limitation, a name
of a movie or song requested by a user. The content
directory server 120 queries a database (not shown) that
maps a video stream of a given title encoded at a partic-
ular playback bit rate to a digital content file 132, residing
within an associated content server 130. The file location
data 154 includes, without limitation, a reference to a
content server 130 that is configured to provide the digital
content file 132 to the content player 110.
[0014] The content server 130 is a computer system
configured to serve download requests for digital content

files 132 from the content player 110. The digital content
files may reside on a mass storage system accessible to
the computer system. The mass storage system may in-
clude, without limitation, direct attached storage, network
attached file storage, or network attached block-level
storage. The digital content files 132 may be formatted
and stored on the mass storage system using any tech-
nically feasible technique. A data transfer protocol, such
as the well-known hyper-text transfer protocol (HTTP),
may be used to download digital content files 132 from
the content server 130 to the content player 110.
[0015] Each title (a movie, song, or other form of digital
media) is associated with one or more digital content files
132. Each digital content file 132 comprises, without lim-
itation, a sequence header index 114, audio data and an
encoded sequence. An encoded sequence comprises a
complete version of the video data corresponding title
encoded to a particular playback bit rate. For example,
a given title may be associated with digital content
file132-1 and digital content file 132-2. Digital content file
132-1 may comprise sequence header index 114-1 and
an encoded sequence encoded to an average playback
bit rate of approximately 250 kilobits per second (Kbps).
Digital content file 132-2 may comprise sequence header
index 114-2 and an encoded sequence encoded to an
average playback bit rate of approximately 1000 Kbps.
The 1000 Kbps encoded sequence enables higher qual-
ity playback and is therefore more desirable for playback
versus the 250 Kbps encoded sequence.
[0016] An encoded sequence within a digital content
file 132 is organized as units of video data representing
a fixed span of playback time. Overall playback time is
organized into sequential time slots, each corresponding
to one fixed span of playback time. For a given time slot,
one unit of video data is represented within the digital
content file 132 for the playback bit rate associated with
the digital content file 132.
[0017] Persons skilled in the art will readily recognize
that each encoded sequence, as defined above, com-
prises a digital content "stream." Furthermore, the proc-
ess of downloading a particular encoded sequence from
the content server 130 to the content player 110 com-
prises "streaming" the digital content to the content player
110 for playback at a particular playback bit rate.
[0018] The content player 110 may comprise a com-
puter system, a set top box, a mobile device such as a
mobile phone, or any other technically feasible comput-
ing platform that has network connectivity and is coupled
to or includes a display device and speaker device for
presenting video frames, and generating acoustic output,
respectively.
[0019] Although, in the above description, the content
distribution system 100 is shown with one content player
110 and one CDN 140, persons skilled in the art will rec-
ognize that the architecture of Figure 1 contemplates only
an exemplary example of the invention. Other examples,
may include any number of content players 110 and/or
CDNs 140. Thus, Figure 1 is in no way intended to limit
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the scope of the present invention in any way.
[0020] Figure 2 is a more detailed view of the content
player 110 of Figure 1, according to one embodiment of
the invention. As shown, the content player 110 includes,
without limitation, a central processing unit (CPU) 210,
a graphics subsystem 212, an input/output (I/O) device
interface 214, a network interface 218, an interconnect
220, and a memory subsystem 230. The content player
110 may also include a mass storage unit 216.
[0021] The CPU 210 is configured to retrieve and ex-
ecute programming instructions stored in the memory
subsystem 230. Similarly, the CPU 210 is configured to
store and retrieve application data residing in the memory
subsystem 230. The interconnect 220 is configured to
facilitate transmission of data, such as programming in-
structions and application data, between the CPU 210,
graphics subsystem 212, I/O devices interface 214, mass
storage 216, network interface 218, and memory sub-
system 230.
[0022] The graphics subsystem 212 is configured to
generate frames of video data and transmit the frames
of video data to display device 250. In one example, the
graphics subsystem 212 may be integrated into an inte-
grated circuit, along with the CPU 210. The display device
250 may comprise any technically feasible means for
generating an image for display. For example, the display
device 250 may be fabricated using liquid crystal display
(LCD) technology, cathode-ray technology, and light-
emitting diode (LED) display technology (either organic
or inorganic). An input/output (I/O) device interface 214
is configured to receive input data from user I/O devices
252 and transmit the input data to the CPU 210 via the
interconnect 220. For example, user I/O devices 252 may
comprise one of more buttons, a keyboard, and a mouse
or other pointing device. The I/O device interface 214
also includes an audio output unit configured to generate
an electrical audio output signal. User I/O devices 252
includes a speaker configured to generate an acoustic
output in response to the electrical audio output signal.
In alternative examples, the display device 250 may in-
clude the speaker. A television is an example of a device
known in the art that can display video frames and gen-
erate an acoustic output. A mass storage unit 216, such
as a hard disk drive or flash memory storage drive, is
configured to store non-volatile data. A network interface
218 is configured to transmit and receive packets of data
via the communications network 150. In one example,
the network interface 218 is configured to communicate
using the well-known Ethernet standard. The network in-
terface 218 is coupled to the CPU 210 via the intercon-
nect 220.
[0023] The memory subsystem 230 includes program-
ming instructions and data that comprise an operating
system 232, user interface 234, and playback application
236. The operating system 232 performs system man-
agement functions such as managing hardware devices
including the network interface 218, mass storage unit
216, I/O device interface 214, and graphics subsystem

212. The operating system 232 also provides process
and memory management models for the user interface
234 and the playback application 236. The user interface
234 provides a specific structure, such as a window and
object metaphor, for user interaction with content player
110. Persons skilled in the art will recognize the various
operating systems and user interfaces that are well-
known in the art and suitable for incorporation into the
content player 110.
[0024] The playback application 236 is configured to
retrieve a digital content file 132 from a content server
130 via the network interface 218 and play the digital
content file 132 through the graphics subsystem 212. The
graphics subsystem 212 is configured to transmit a ren-
dered video signal to the display device 250. In normal
operation, the playback application 236 receives a re-
quest from a user to play a specific title. The playback
application 236 then locates the digital content files 132
associated with the requested title, where each digital
content file 132 associated with the requested title in-
cludes an encoded sequence encoded to a different play-
back bit rate. In one example, the playback application
236 locates the digital content files 132 by posting title
lookup request 152 to the content directory server 120.
The content directory server 120 replies to the title lookup
request 152 with file location data 154 for each digital
content file 132 associated with the requested title. Each
file location data 154 includes a reference to the associ-
ated content server 130, in which the requested digital
content file 132 resides. The title lookup request 152 may
include the name of the requested title, or other identify-
ing information with respect to the title. After the playback
application 236 has located the digital content file 132
associated with the requested title, the playback appli-
cation 236 downloads the sequence header index 114
associated with the digital content file 132 associated
with the requested title from the content server 130. A
sequence header index 114 associated with digital con-
tent file 132, described in greater detail in Figure 4A, in-
cludes information related to the encoded sequence in-
cluded in the digital content file 132.
[0025] In one embodiment, the playback application
236 begins downloading the digital content file 132 as-
sociated with the requested title. The requested digital
content file 132 is downloaded into the content buffer
112, configured to serve as a first-in, first-out queue. In
one embodiment, each unit of downloaded data compris-
es a unit of video data or a unit of audio data. As units of
video data associated with the requested digital content
file 132 are downloaded to the content player 110, the
units of video data are pushed into the content buffer
112. Similarly, as units of audio data associated with the
requested digital content file 132 are downloaded to the
content player 110, the units of audio data are pushed
into the content buffer 112. In one embodiment the units
of video data are stored in video buffer 246 within the
content buffer 112, and units of audio data are stored in
audio buffer 224, also within the content buffer 112.

5 6 



EP 2 649 792 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0026] A video decoder 248 reads units of video data
from the video buffer 246, and renders the units of video
data into a sequence of video frames corresponding in
duration to the fixed span of playback time. Reading a
unit of video data from the video buffer 246 effectively
de-queues the unit of video data from the video buffer
246 (and from the content buffer 112). The sequence of
video frames is processed by graphics subsystem 212
and transmitted to the display device 250.
[0027] An audio decoder 242 reads units of audio data
from the audio buffer 244, and renders the units of audio
data into a sequence of audio samples, generally syn-
chronized in time with the sequence of video frames. In
one example, the sequence of audio samples is trans-
mitted to the I/O device interface 214, which converts the
sequence of audio samples into the electrical audio sig-
nal. The electrical audio signal is transmitted to the
speaker within the user I/O devices 252, which, in re-
sponse, generates an acoustic output.
[0028] Figure 3 is a more detailed view of the content
server 130 of Figure 1, according to one embodiment of
the invention. The content server 130 includes, without
limitation, a central processing unit (CPU) 310, a network
interface 318, an interconnect 320, a memory subsystem
330, and a mass storage unit 316. The content server
130 may also include an I/O devices interface 314.
[0029] The CPU 310 is configured to retrieve and ex-
ecute programming instructions stored in the memory
subsystem 330. Similarly, the CPU 310 is configured to
store and retrieve application data residing in the memory
subsystem 330. The interconnect 320 is configured to
facilitate transmission of data, such as programming in-
structions and application data, between the CPU 310,
I/O devices interface 314, mass storage unit 316, network
interface 318, and memory subsystem 330.
[0030] The mass storage unit 316 stores digital content
files 132-1 through 132-N. The digital content files 132
may be stored using any technically feasible file system
on any technically feasible media. For example the mass
storage unit 316 may comprise a redundant array of in-
dependent disks (RAID) system incorporating a conven-
tional file system.
[0031] The memory subsystem 330 includes program-
ming instructions and data that comprise an operating
system 332, a user interface 334, and a file download
application 336. The operating system 332 performs sys-
tem management functions such as managing hardware
devices including the network interface 318, mass stor-
age unit 316, and I/O devices interface 314. The operat-
ing system 332 also provides process and memory man-
agement models for the user interface 334 and the file
download application 336. The user interface 334 pro-
vides a specific structure, such as a window and an object
metaphor or a command line interface, for user interac-
tion with content server 130. A user may employ the user
interface 334 to manage functions of the content server.
In one example, the user interface 334 presents a man-
agement web page for managing operation of the content

server 130. Persons skilled in the art will recognize the
various operating systems and user interfaces that are
well-known in the art and suitable for incorporation into
the content player 130.
[0032] The file download application 336 is configured
to facilitate transfer of digital content files 132-1 to 132-
N, to the content player 110, via a file download operation
or set of operations. The downloaded digital content file
132 is transmitted through network interface 318 to the
content player 110 via the communications network 150.
In one example, file contents of a digital content file 132
may be accessed in an arbitrary sequence (known in the
art as "random access"). As previously described herein,
each digital content file 132 includes a sequence header
index 114 and an encoded sequence. An encoded se-
quence comprises a full version of a given movie or song
encoded to a particular bit rate, and video data associated
with the encoded sequence is divided into units of video
data. Each unit of video data corresponds to a specific
span of playback time and begins with a frame including
a sequence header specifying the size and the resolution
of the video data stored in the unit of video data.
[0033] Figure 4A is a more detailed view of the se-
quence header index 114 of Figure 1, according one em-
bodiment of the invention. The sequence header index
114 is a data structure that includes a video bit rate profile
452 and can be populated in any technically feasible fash-
ion.
[0034] The sequence header index 114 included in the
digital content file 132 specifies information related to the
encoded sequence also included in the digital content
file 132. The video bit rate profile 452 includes a corre-
sponding set of entries 464 that specifies the locations
and the timestamp offsets of the different sequence
headers associated with the units of video data of the
encoded sequence. Typically, the sequence headers in
the encoded sequence are located at predictable times-
tamp offsets within the encoded sequence (e.g. every 3
seconds). A given entry 464 indicates a timestamp offset
and the location of a specific sequence header included
in a unit of video data of the encoded sequence associ-
ated with video bit rate profile 452. For example, entry
464-1 indicates the timestamp offset and the location of
the sequence header associated with a first unit of video
data of the encoded sequence. Entry 464-2 indicates the
timestamp offset and the location of the sequence header
associated with a second unit of video data of the same
encoded sequence. Importantly, a total byte count char-
acterizing how many bytes comprise a given encoded
sequence from a current playback position, associated
with entry 464-K, through completion of playback may
be computed based on the timestamp offsets included
in the set of entries 464.
[0035] The audio data associated with the enhanced
sequence is also stored in the digital content file 132. In
one example, the audio data has a fixed bit rate encoding.
In alternative examples a variable bit rate encoding tech-
nique is applied to audio data, and an audio bit rate profile
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472 is included in the sequence header index 114. The
audio bit rate profile 472 includes entries 484 configured
to store a timestamp offset and a sequence header lo-
cation for each respective unit of audio data at a respec-
tive time of playback.
[0036] Figure 4B illustrates a data flow for buffering
and playback of digital content 494 associated with a
digital content file 132, according to one embodiment of
the invention. The content server 130 of Figure 1 provides
content data 494, comprising units of audio data and units
of video data, of the digital content file 132 to a buffering
process 490. The buffering process 490 may be imple-
mented as a thread executing within the content player
110. The buffering process 490 is configured to download
the content data 494 and write the content data 494 to
the content buffer 112. The buffering process 490 writes
units of audio data to the audio buffer 244 within the con-
tent buffer 112, and units of video data to the video buffer
246, also within the content buffer 112. In one example
the content buffer 112 is structured as a first-in first-out
(FIFO) queue. A playback process 492, also executing
within the content player 110, de-queues units of audio
data and units of video data from the content buffer 112
for playback. In order to maintain uninterrupted playback
of content data 494, the content buffer 112 should always
have at least one unit of audio data and one unit of video
data available when the playback process 492 needs to
perform a read on the content buffer 112.
[0037] During the playback of a digital content file 132
(referred to herein as "the currently playing digital content
file 132") associated with a particular title, the predictive
pre-buffering engine 254 identifies one or more other dig-
ital content files 132 associated with different titles that
may be selected for viewing next and, thus, should be
pre-buffered. In operation, the predictive pre-buffering
engine 254 first determines a subset of digital content
files 132 that may be selected for viewing next. In one
embodiment, the subset of digital content files 132 may
be determined based on the close proximity, in a user-
interface, of different identifiers associated with the digital
content files 132 included in the subset of digital content
files 132 and the currently playing digital content file 132.
[0038] Once the subset of digital content files 132 that
may be selected for viewing next is determined, the pre-
dictive pre-buffering engine 254 computes, an ordering
of the subset of digital content files 132 is computed to
indicate which digital content file 132 is most likely to be
played next. In one example, the ordering can be used
to determine the amount to pre-buffer of each digital con-
tent file 132. The allocation could be arbitrary, such as
allocate 50% to the most likely, 25% to the second and
third. In an alternative example, a numerical measure
that induces an ordering is computed for the subset of
digital content files. The numerical measure is then used
to determine the amount to pre-buffer. For example, dig-
ital content file A is given a numerical measure of x and
digital content file B is given a measure of y. The amount
to pre-buffer can then be allocated proportionally, such

as 2x can be allocated to digital content file A and the
remainder to digital content file B.
[0039] In one embodiment, for each digital content file
132 in the subset of digital content files 132, a probability
indicating the likelihood of the digital content file 132 be-
ing selected for viewing next is computed. In one embod-
iment, the probability (P) of a digital content file 132 (file
i) being selected for viewing next can be computed as
follows:
calculate P("file i" | "various information").
The "various information" may include information such
as the "currently playing digital content file 132," "the dig-
ital content files 132 that would be selected as the result
of various UI actions" (for example, which digital content
file 132 would start playing if a user pressed
up/down/left/right on their controller), "titles that the user
previously watched", "ratings from titles the user previ-
ously watched", "what UI actions other users performed
in similar situations", "history of UI actions from the cur-
rent and previous sessions." These examples of "various
information" are not meant to be limiting in any way and
those skilled in the art would recognize that any other
relevant information can be used when computing the
probability of a digital content file 132 being selected for
viewing next.
[0040] There are many techniques know to those
skilled in the art for computing the above probability
based on the supplied information. In one embodiment,
the predictive pre-buffering engine 254 includes one or
more machine learning techniques, including for exam-
ple, decision trees, hidden Markov models, Bayesian
learning techniques, and other alternatives. Several ma-
chine learning techniques are known in the arts of artificial
intelligence and machine learning. Among the many al-
ternatives include techniques related to evolution strat-
egies, genetic algorithms, genetic programming, multidi-
mensional clustering, neural networks, and weighted ma-
jority techniques. In addition, the predictive pre-buffering
engine 254 may compute a weighted average of a set of
relatively simpler elements, updated in real time during
actual user interaction using an exponential gradient
technique, or some other machine learning technique.
[0041] Below an exemplary computation of a probabil-
ity is illustrated. The example is provided for pedagogical
purposes only and is not intended to be limiting in any
way. In particular, Naive Bayes is the method described,
but some more sophisticated technique would almost al-
ways be used in practice. To simplify even further, it is
assumed that a digital content file is currently being
played and that the user may employ a channel surfing
metaphor to either move up to select a new digital content
file, or down to select a new digital content file. Some
indication of which digital content file the user views next
as they move up or down is also provided.
[0042] Based on these assumptions, the following
probabilities are computed:

P("file above selected" | "various information")
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P("file below selected" | "various information").

To simplify further, the information that the computation
is conditioned on includes:

• Is the title associated with the file above more popular
or the title associated with the file below more pop-
ular?

• For the current user, does the title associated with
the file above have a higher predicted rating from a
recommendation engine or does the title associated
with the file below have a higher predicted rating from
some recommendation engine.

[0043] To compute the probabilities, the following is
determined:

P(above | "most popular", "highest rated"), versus
P(below | "most popular", "highest rated"), where the
possible values for "most popular" and "highest rat-
ed" are "above" or "below".

[0044] Suppose that from previous historical records
for the information that the probabilities are conditioned
on, the following table can be constructed.

[0045] From the Bayes rule then, it can be determined
that:

P(above | "most popular", "highest rated") = k
P("most popular", "highest rated" | above )
P(above ), where k is some constant that is factored
out, as shown below. Applying the assumption of
conditional independence, the following can be de-
termined:

P(above | "most popular", "highest rated") = k
P("most popular" | above ) P("highest rated" |
above ) P(above). Based on Table 1, P(above |
"most popular", "highest rated") = k 2/5 ∗ 2/5 ∗ 5/7 =
k 4/35 and P(below | "most popular", "highest rated")
= k 1/14.

[0046] Since k 4/35 > k 1/14, it can be concluded given

TABLE 1

file selected? most popular highest rated

above above below

above above above

below below above

above below above

below above below

above below below

above above above

this data that the user is more likely to select the digital
content file from above. Furthermore, the probabilities
can be calculated to be: P(above | "most popular", "high-
est rated") = 56/91 and P( below | "most popular", "high-
est rated") = 35/91. These probabilities can potentially
be used to allocate memory to pre-buffering the digital
content files 132 in proportion to the estimated probability
with which those files will be selected.
[0047] Again, the example above is illustrated purely
to show how a probability for a particular digital content
file 132 can be computed. Persons skilled in the art will
recognize that any other mathematical approach as well
as other types of data can be used to compute the prob-
ability.
[0048] Based on the probabilities computed for the dig-
ital content files 132 in the subset of digital content files
132, the predictive pre-buffering engine 254 selects one
or more digital content files 132 from the subset of digital
content files 132 that should be pre-buffered. For each
of the one or more digital content files 132 that should
be pre-buffered, the predictive pre-buffering engine 254
determines a rate for pre-buffering the units of video data
associated with the digital content file 132 and a rate for
pre-buffering the units of audio data associated with the
digital content file 132.
[0049] For a particular digital content file 132 selected
for pre-buffering, the rates of pre-buffering the units of
audio and video data are determined based on two fac-
tors. First, because audio data is typically much smaller
than video data, the audio data is pre-buffered at a higher
rate than the video data. Pre-buffing audio data at a high-
er rate than video data allows for a quick start to playing
the digital content file 132 if the digital content file 132 is
selected for playback without compromising audio deliv-
ery quality. Second, the rates of pre-buffering the units
of audio and video data are proportional to the probability
that the digital content file 132 will be selected for viewing
next. If the probability is high, then the rates of pre-buff-
ering the units of audio and video data are higher than
the rates of pre-buffering units of audio and video data
associated with a different digital content file 132 with a
lower probability.
[0050] In one example, if there are five digital content
files 132 that are to be pre-buffered, the playback appli-
cation 236 may download five seconds of audio data from
the beginning of each of the five digital content files 132.
In contrast, the playback application 236 may download
only one second of video data from the beginning of each
of the five digital content files 132, only two seconds of
video data from the beginnings of two of the five digital
content files 132 or no video data at all.
[0051] Figure 5 is a flow diagram of method steps for
identifying and pre-buffering audio/video stream pairs
that may be selected for viewing next, according to one
embodiment of the invention. Although the method steps
are described in conjunction with the systems of Figures
1, 2, and 3, persons skilled in the art will understand that
any system configured to perform the method steps, in
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any order, is within the scope of the inventions.
[0052] At step 502, the predictive pre-buffering engine
254 computes the probability of each of a set of audio/vid-
eo stream pairs being selected for viewing next. The set
of audio/video stream pairs are determined based on the
currently playing audio/video stream pair. Each proba-
bility is computed based on various information, as de-
scribed above.
[0053] At step 504, the predictive pre-buffering engine
254 selects, based on the respective probabilities, a sub-
set of the audio/video stream pairs that should be pre-
buffered. At step 506, the predictive pre-buffering engine
254 computes, for each selected audio/video stream pair,
a rate for pre-buffering the audio stream and a rate for
pre-buffering the video stream. For a particular audio/vid-
eo stream pair, the rates of pre-buffering the audio stream
and the video stream are determined based on two fac-
tors. First, because audio data is typically much smaller
than video data, the audio stream is pre-buffered at a
higher rate than the video stream. Pre-buffing audio data
at a higher rate than video data allows for a quick start
to playing the audio/video stream pair if the audio/video
stream pair is selected for playback without compromis-
ing audio delivery quality. Second, the rates of pre-buff-
ering the audio stream and the video stream are propor-
tional to the probability that the audio/video stream pair
will be selected for viewing next. If the probability is high,
then the rates of pre-buffering the audio stream and the
video stream are higher than the rates of pre-buffering a
different audio/stream pair a lower probability.
[0054] At step 508, the predictive pre-buffering engine
254 causes each of the selected audio/video stream pairs
to be downloaded for pre-buffering at the rates computed
in step 506.
[0055] Advantageously, pre-buffering audio/video
stream pairs having a high probability of being selected
for viewing next allows for a seamless transition when a
user selects one of the pre-buffered audio/video stream
pairs for viewing. In addition, pre-buffering the audio por-
tion of an audio/video stream pair at a higher rate than
the video portion of the audio/video stream pair allows
for playback to be started faster without compromising
audio quality.
[0056] While the forgoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
the basic scope thereof. For example, aspects of the
present invention may be implemented in hardware or
software or in a combination of hardware and software.
One embodiment of the invention may be implemented
as a program product for use with a computer system.
The program(s) of the program product define functions
of the embodiments (including the methods described
herein) and can be contained on a variety of computer-
readable storage media. Illustrative computer-readable
storage media include, but are not limited to: (i) non-wri-
table storage media (e.g., read-only memory devices
within a computer such as CD-ROM disks readable by a

CD-ROM drive, flash memory, ROM chips or any type of
solid-state non-volatile semiconductor memory) on
which information is permanently stored; and (ii) writable
storage media (e.g., floppy disks within a diskette drive
or hard-disk drive or any type of solid-state random-ac-
cess semiconductor memory) on which alterable infor-
mation is stored. Such computer-readable storage me-
dia, when carrying computer-readable instructions that
direct the functions of the present invention, are embod-
iments of the present invention.
[0057] In view of the foregoing, the scope of the present
invention is determined by the claims that follow.

Claims

1. A computer-implemented method for identifying and
pre-buffering audio/video stream pairs, the method
comprising:

identifying for pre-buffering at least one au-
dio/video stream pair that may be selected for
playback by a user subsequent to a currently
playing audio/video stream pair;
computing a first rate (506) for pre-buffering an
audio portion of the identified at least one au-
dio/video stream pair and a second rate for pre-
buffering a video portion of the identified at least
one audio/video stream pair, wherein the first
rate and the second rate are proportional to a
probability indicating the likelihood that the iden-
tified at least one audio/video stream pair may
be selected for playback by the user subsequent
to the currently playing audio/video stream pair
and wherein the second rate is less than the first
rate;
downloading (508) the audio portion of the iden-
tified at least one audio/video stream pair at the
first rate and downloading the video portion of
the identified at least one audio/video stream
pair at the second rate; and
storing the downloaded audio portion (244) of
the identified at least one audio/video stream
pair and the downloaded video portion (246) of
the identified at least one audio/video stream
pair in a content buffer (112).

2. The method of claim 1, wherein the step of identifying
the at least one audio/video stream pair further com-
prises computing an ordering of the identified at least
one audio/video stream pair to indicate which iden-
tified at least one audio/video stream pair is most
likely to be played next.

3. The method of claim 2, wherein the step of computing
the ordering comprises computing the probability in-
dicating the likelihood of the identified at least one
audio/video stream pair being selected for playback
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by the user subsequent to the currently playing au-
dio/video stream pair.

4. The method of claim 3, wherein if one identified au-
dio/video stream pair has the computed probability
greater than a probability computed for another iden-
tified audio/video stream pair, the first rate of the one
identified audio/video stream pair is greater than the
first rate of the another identified audio/video stream
pair, and the second rate of the one identified au-
dio/video stream pair is greater than the second rate
of the another identified audio/video stream pair.

5. The method of claim 3, wherein the probability com-
puted for the identified at least one audio/video
stream pair is based on a rating associated with the
currently playing audio/video stream pair.

6. The method of claim 3, wherein the probability com-
puted for the identified at least one audio/video
stream pair is based on a rating associated with an
audio/video stream pair that the user previously
watched.

7. The method of claim 3, wherein the probability com-
puted for the identified at least one audio/video
stream pair is based on an interaction with a user-
interface performed by the user to select the current-
ly playing audio/video stream pair for playback.

8. A program product comprising instructions that,
when executed by a computer system, cause the
computer system to perform the method of any one
of the preceding claims.

9. A computer-readable medium storing the program
product according to claim 8.

10. A system, comprising:

a processor; and
a memory configured to store instructions that,
when executed by the processor, cause the
processor to perform the method of any one of
claims 1 to 7.

Patentansprüche

1. Computerimplementiertes Verfahren zum Identifi-
zieren und Vorpuffern von Audio-/Videostream-Paa-
ren, wobei das Verfahren Folgendes umfasst:

Identifizieren zum Vorpuffern mindestens eines
Audio-/Videostream-Paars, das auf ein gegen-
wärtig wiedergegebenes Audio-/Videostream-
Paar folgend durch einen Anwender zur Wie-
dergabe gewählt werden kann;

Berechnen einer ersten Rate (506) zum Vorpuf-
fern eines Audioteils des identifizierten mindes-
tens einen Audio-/Videostream-Paars und einer
zweiten Rate zum Vorpuffern eines Videoteils
des identifizierten mindestens einen Audio-/Vi-
deostream-Paars, wobei die erste Rate und die
zweite Rate zu einer Wahrscheinlichkeit propor-
tional sind, die die Wahrscheinlichkeit angibt,
dass das identifizierte mindestens eine Au-
dio-/Videostream-Paar auf das gegenwärtig
wiedergegebene Audio-/Videostream-Paar fol-
gend durch den Anwender zur Wiedergabe ge-
wählt werden kann, und wobei die zweite Rate
kleiner als die erste Rate ist;
Herunterladen (508) des Audioteils des identifi-
zierten mindestens einen Audio-/Videostream-
Paars bei der ersten Rate und Herunterladen
des Videoteils des identifizierten mindestens ei-
nen Audio-/Videostream-Paars bei der zweiten
Rate und
Speichern des heruntergeladenen Audioteils
(244) des identifizierten mindestens einen Au-
dio-/Videostream-Paars und des heruntergela-
denen Videoteils (246) des identifizierten min-
destens einen Audio-/Videostream-Paars in ei-
nen Inhaltspuffer (112).

2. Verfahren nach Anspruch 1, wobei der Schritt des
Identifizierens des mindestens einen Audio-/Video-
stream-Paars ferner ein Berechnen einer Ordnung
des identifizierten mindestens einen Audio-/Video-
stream-Paars umfasst, um anzugeben, welches
identifizierte mindestens eine Audio-/Videostream-
Paar am wahrscheinlichsten als nächstes wiederge-
geben wird.

3. Verfahren nach Anspruch 2, wobei der Schritt des
Berechnens der Ordnung ein Berechnen der Wahr-
scheinlichkeit, die die Wahrscheinlichkeit angibt,
dass das identifizierte mindestens eine Audio-/Vide-
ostream-Paar auf das gegenwärtig wiedergegebene
Audio-/Videostream-Paar folgend durch den An-
wender zur Wiedergabe gewählt wird, umfasst.

4. Verfahren nach Anspruch 3, wobei dann, wenn ein
identifiziertes Audio-/Videostream-Paar eine be-
rechnete Wahrscheinlichkeit besitzt, die größer als
eine Wahrscheinlichkeit ist, die für ein weiteres iden-
tifiziertes Audio-/Videostream-Paar berechnet wur-
de, die erste Rate des einen identifizierten Audio-/Vi-
deostream-Paars größer als die erste Rate des wei-
teren Audio-/Videostream-Paars ist und die zweite
Rate des einen identifizierten Audio-/Videostream-
Paars größer als die zweite Rate des weiteren iden-
tifizierten Audio-/Videostream-Paars ist.

5. Verfahren nach Anspruch 3, wobei die Wahrschein-
lichkeit, die für das identifizierte mindestens eine Au-
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dio-/Videostream-Paar berechnet wird, eine Bewer-
tung als Grundlage verwendet, die dem aktuell wie-
dergegebenen Audio-/Videostream-Paar zugeord-
net ist.

6. Verfahren nach Anspruch 3, wobei die Wahrschein-
lichkeit, die für das identifizierte mindestens eine Au-
dio-/Videostream-Paar berechnet wird, eine Bewer-
tung als Grundlage verwendet, die einem Audio-/Vi-
deostream-Paar zugeordnet ist, das der Anwender
zuvor angesehen hat.

7. Verfahren nach Anspruch 3, wobei die Wahrschein-
lichkeit, die für das identifizierte mindestens eine Au-
dio-/Videostream-Paar berechnet wird, eine Interak-
tion mit einer Anwenderschnittstelle als Grundlage
verwendet, die durch den Anwender durchgeführt
wurde, um das gegenwärtig wiedergegebene Au-
dio-/Videostream-Paar zur Wiedergabe zu wählen.

8. Programmprodukt, das Anweisungen umfasst, die,
wenn sie durch ein Computersystem ausgeführt
werden, bewirken, dass das Computersystem das
Verfahren nach einem der vorhergehenden Ansprü-
che durchführt.

9. Computerlesbares Medium, in dem das Programm-
produkt nach Anspruch 8 gespeichert ist.

10. System, das Folgendes umfasst:

einen Prozessor und
einen Speicher, der konfiguriert ist, Anweisun-
gen zu speichern, die, wenn sie durch den Pro-
zessor ausgeführt werden, bewirken, dass der
Prozessor das Verfahren nach einem der An-
sprüche 1 bis 7 durchführt.

Revendications

1. Procédé mis en œuvre par ordinateur pour identifier
et mettre préalablement en tampon des paires de
flux audio/vidéo, le procédé comportant les étapes
consistant à :

identifier en vue de la mise en tampon préalable
au moins une paire de flux audio/vidéo suscep-
tible d’être sélectionnée par un utilisateur pour
une reproduction à la suite d’une paire de flux
audio/vidéo en cours de lecture ;
calculer un premier débit (506) pour la mise en
tampon préalable d’une partie audio de la ou
des paires identifiées de flux audio/vidéo et un
deuxième débit pour la mise en tampon préala-
ble d’une partie vidéo de la ou des paires iden-
tifiées de flux audio/vidéo, le premier débit et le
deuxième débit étant proportionnels à une pro-

babilité indiquant les chances que la ou les pai-
res identifiées de flux audio/vidéo puissent être
sélectionnées pour une reproduction par l’utili-
sateur à la suite de la paire de flux audio/vidéo
en cours de lecture et le deuxième débit étant
inférieur au premier débit ;
télécharger (508) la partie audio de la ou des
paires identifiées de flux audio/vidéo au premier
débit et télécharger la partie vidéo de la ou des
paires identifiées de flux audio/vidéo au deuxiè-
me débit ; et
stocker la partie audio (244) téléchargée de la
ou des paires identifiées de flux audio/vidéo et
la partie vidéo (246) téléchargée de la ou des
paires identifiées de flux audio/vidéo dans un
tampon (112) de contenu.

2. Procédé selon la revendication 1, l’étape d’identifi-
cation de la ou des paires de flux audio/vidéo com-
portant en outre le calcul d’un ordonnancement de
la ou des paires identifiées de flux audio/vidéo pour
indiquer laquelle ou lesquelles de la ou des paires
identifiées de flux audio/vidéo sont les plus suscep-
tibles d’être les prochaines lues.

3. Procédé selon la revendication 2, l’étape de calcul
de l’ordonnancement comportant le calcul de la pro-
babilité indiquant les chances que la ou les paires
identifiées de flux audio/vidéo soient sélectionnées
pour une reproduction par l’utilisateur à la suite de
la paire de flux audio/vidéo en cours de lecture.

4. Procédé selon la revendication 3, caractérisé en ce
que, si une paire identifiée de flux audio/vidéo pré-
sente une probabilité calculée supérieure à une pro-
babilité calculée pour une autre paire identifiée de
flux audio/vidéo, le premier débit de la paire identifiée
de flux audio/vidéo en question est supérieur au pre-
mier débit de l’autre paire identifiée de flux audio/vi-
déo en question, et le deuxième débit de la paire
identifiée de flux audio/vidéo en question est supé-
rieur au deuxième débit de l’autre paire identifiée de
flux audio/vidéo en question.

5. Procédé selon la revendication 3, la probabilité cal-
culée pour la ou les paires identifiées de flux audio/vi-
déo étant basée sur une notation associée à la paire
de flux audio/vidéo en cours de lecture.

6. Procédé selon la revendication 3, la probabilité cal-
culée pour la ou les paires identifiées de flux audio/vi-
déo étant basée sur une notation associée à une
paire de flux audio/vidéo que l’utilisateur a regardée
précédemment.

7. Procédé selon la revendication 3, la probabilité cal-
culée pour la ou les paires identifiées de flux audio/vi-
déo étant basée sur une interaction avec une inter-
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face d’utilisateur effectuée par l’utilisateur pour sé-
lectionner la paire de flux audio/vidéo en cours de
lecture pour une reproduction.

8. Produit de programme comportant des instructions
qui, lorsqu’elles sont exécutées par un système in-
formatique, amènent le système informatique à réa-
liser le procédé selon l’une quelconque des reven-
dications précédentes.

9. Support lisible par ordinateur stockant le produit de
programme selon la revendication 8.

10. Système comportant :

un processeur ; et
une mémoire configurée pour stocker des ins-
tructions qui, lorsqu’elles sont exécutées par le
processeur, amènent le processeur à réaliser le
procédé selon l’une quelconque des revendica-
tions 1 à 7.
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