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(54) BITRATE AND PIPELINE PRESERVATION FOR CONTENT PRESENTATION

(57)  Systems and methods for optimizing a content
change process are provided. In example embodiments,
a digital receiver causes playback of a first piece of con-
tent. The digital receiver receives a selection of a new
piece of content for playback during the playback of the
first piece of content. Based on the new piece of content
being the same content type as the first piece of content,
it is determined whether to preserve at least a portion of
a playback pipeline used to play back the first piece of
content, where the playback pipeline comprises a source
element to manage the downloading of content data for
the new piece of content, a demultiplexer, an audio de-
coder, and a video decoder, and the preserving of atleast
the portion of the playback pipeline comprises preserving
one or more of the source element, the demultiplexer,
the audio decoder, or the video decoder.
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Description
FIELD
[0001] The presentdisclosure generally relates to ma-

chines configured to the technical field of special-purpose
machines that optimizes a content change process (e.g.,
channel change) including computerized variants of such
special-purpose machines and improvements to such
variants, and to the technologies by which such special-
purpose machines become improved compared to other
special-purpose machines that facilitate optimizing con-
tent changes. In particular, the present disclosure ad-
dresses systems and methods for preserving a download
bitrate and a content playback pipeline during a content
change process.

BACKGROUND

[0002] Conventionally, during a switch in content (e.g.,
caused by a channel change or a selection of a different
piece of content), a delay occurs as certain information
is obtained before the new piece of content (e.g., pro-
gram, movie, show) is rendered and displayed. Addition-
ally, for adaptive bitrate streaming content, the content
typically starts streaming or download at a low (or lowest)
bitrate before slowly increasing in bitrate until an optimum
bitrate is achieved. This results in initial video or images
being grainy. Furthermore, the delay may be increased
by a need to build a content playback pipeline each time
a change in content occurs.

SUMMARY

[0003] The present invention provides a method per-
formed by a digital receiver and a digital receiver accord-
ing to the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0004] Various ones of the appended drawings merely
illustrate example embodiments of the present invention
and cannot be considered as limiting its scope.

FIG. 1 is a diagram illustrating an example environ-
ment for optimizing content changes;

FIG. 2is a block diagram illustrating an example em-
bodiment of components within a digital receiver in
accordance with an example embodiment.

FIG. 3 is a flow diagram of a method for optimizing
a content change process in accordance with exam-
ple embodiments.

FIG. 4 is a flow diagram of a method for preserving
a content delivery pipeline in accordance with exam-
ple embodiments.

FIG.5is adiagrammaticrepresentation of a machine
in an example form of a computing system within
which a set of instructions may be executed for caus-
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ing the machine to perform any one or more of the
methodologies discussed herein, accordingto an ex-
ample embodiment.

DETAILED DESCRIPTION

[0005] The description that follows includes systems,
methods, techniques, instruction sequences, and com-
puting machine program products that embody illustra-
tive embodiments of the presentinventive subject matter.
In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide
an understanding of various embodiments of the inven-
tive subject matter. It will be evident, however, to those
skilled in the art, that embodiments of the inventive sub-
ject matter may be practiced without some or other of
these specific details. In general, well-known instruction
instances, protocols, structures, and techniques have not
been shown in detail. Examples merely typify possible
variations. Unless explicitly stated otherwise, structures
(e.g., structural components, such as modules) are op-
tional and may be combined or subdivided, and opera-
tions (e.g., in a procedure, algorithm, or other function)
may vary in sequence or be combined or subdivided.
[0006] Example embodiments described herein pro-
vide systems and methods for optimizing content chang-
es or switch in content being viewed, such as through a
channel change or selection of a different piece of content
from a watchlist. In some embodiments, the system uses
navigational context (e.g., the way a user is interacting
with an application) to identify content of (potential) in-
terest to a viewer. The system then prefetches metadata
for the content of interest from a content provider and
stores the metadata to local cache. The metadata com-
prises preconditions for rendering and display of a piece
of content that include a minimum set of data that a sys-
tem can obtain without having to decrypt the content. The
prefetched metadata may be used, in example embodi-
ments, to determine whetherto preserve atleasta portion
of a content playback pipeline (also referred to herein as
a "content deliver pipeline" or simply a "pipeline").
[0007] Conventionally, a same piece of content is bro-
ken up into segments (e.g., 10 second segments) and
each segmentis available in various bitrates. Alow bitrate
may be grainy, while a high bitrate will normally have
better image quality. Typically, when playback of a new
piece of content starts, the system does not know the
quality of the network bandwidth. As a result, in order to
start playback as quickly as possible, conventional sys-
tems start with a lowest bitrate. Thus, every time a user
switches from one content to the next content, the play-
back will start with the lowest bitrate and slowly increase
or improve according to the capability of the network. In
contrast, example embodiments, preserve a previous bi-
trate when switching to a new piece of content. That is,
when a user selects a new piece of content to playback
(e.g., switching from a previous piece of content to the
new piece of content), example embodiments maintain
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or preserve a (heuristically determined) bitrate used for
streaming or downloading the previous piece of content
when initiating the playback of the new piece of content.
This allows for starting playback as quickly as possible
while also providing better image quality from the start.
[0008] Furthermore, in conventional systems, a switch
or transition in content typically causes a previous con-
tentdelivery pipeline to be deconstructed (e.g., resources
previous acquired are released). Subsequently, a new
pipeline is created for the new piece of content (e.g., new
resources are acquired). In contrast, example embodi-
ments may maintain or preserve a portion (or an entire)
content delivery pipeline (e.g., comprising a source ele-
ment, a demultiplexer ("demux"), a video decoder, and
an audio decoder) used to obtain the previous piece of
content instead of reconstructing a pipeline (e.g., de-
stroying the content delivery pipeline and building a new
content delivery pipeline). The preservation of the pipe-
line also allows for playback of the new content as quickly
as possible.

[0009] As a result, one or more of the methodologies
described herein facilitate solving the technical problem
of optimizing content change (e.g., reducing time for a
change in channel or loading of new content) regardless
of the delivery channel - whether the content is broadcast
(e.g., IPTV and multicast) or over-the-top (OTT). The
methodologies include causing playback, by a digital re-
ceiver, of a first piece of content and receiving a selection
of anew piece of content for playback during the playback
of the first piece of content. In response to the receiving
of the selection, the digital receiver maintains a bitrate
used for playback of the first piece of content to initiate
playback of the new piece of content. The methodologies
further include determining whether to preserve at least
a portion of a playback pipeline when switching to play-
back of the new piece of content. In some embodiments,
preservation of at least a portion of the playback pipeline
comprises determining whether to retrain an audio de-
coder and a video decoder of the pipeline when switching
to playback of the new piece of content. Accordingly, one
or more of the methodologies discussed herein improves
upon latency during content changes while maintaining
image quality. It is noted that content changes include a
selection of a piece of content for viewing (e.g., from a
content access page such as a favorites grid or via a
programming guide) as well as channel changes (e.g.,
linear channels changes).

[0010] With reference to FIG. 1, an embodiment of an
example environment 100 that enables optimizing con-
tent changes (e.g., reducing latency during channel
changes or selection of a piece of content for viewing) is
shown. In example embodiments, a digital receiver 102
of a user provides access to digital content and manages
content change operations. In one embodiment, the dig-
ital receiver 102 is a set-top box. The digital receiver 102
is coupled to a viewing device 104 (e.g., a television or
monitor) on which the user can view the digital content.
In some embodiments, the digital receiver 102 (e.g., op-
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erations of the digital receiver 102) may be combined
with the viewing device 104 (e.g., a smart television, a
tablet, or smartphone). The components of the digital re-
ceiver 102 used to perform operations of example em-
bodiments will be discussed in more detail in connection
with FIG. 2 below.

[0011] In some embodiments, the digital receiver 102
accesses (e.g., pulls, receives, retrieves) content via a
network 106 from a content distribution network (CDN)
server 108. The CDN server 108 may obtain the content
from one or more content providers 110 (e.g., servers of
the content providers 110). In example embodiments,
the CDN server 108 may be associated with a third-party
service (e.g., Netflix, Hulu, YouTube, Amazon,) that
stores and provides content, such as, for example but
not limited to, over-the-top (OTT) content, video-on-de-
mand (VOD) content, Internet content, or broadcast con-
tent to the digital receiver 102 via the network 106. The
content comprises text, images, audio, and/or video con-
tent (e.g., movies, television shows, videos), and in some
embodiments comprise live (e.g., in real-time) content.
In some embodiments, the content providers 110 provide
content, over the network 106 directly to the digital re-
ceiver 102 for display on the viewing device 104.
[0012] One or more portions of the network 106 may
be an ad hoc network, an intranet, an extranet, a virtual
private network (VPN), a local area network (LAN), a
wireless LAN (WLAN), a wide area network (WAN), a
wireless WAN (WWAN), a metropolitan area network
(MAN), a portion of the Internet, a portion of the Public
Switched Telephone Network (PSTN), a cellular tele-
phone network, a wireless network, a WiFi network, a
WiMax network, a satellite network, a cable network, a
broadcast network, another type of network, or a combi-
nation of two or more such networks. Any one or more
portions of the network 106 may communicate informa-
tion via a transmission or signal medium. As used herein,
"transmission medium" refers to any intangible (e.g.,
transitory) medium that is capable of communicating
(e.g., transmitting) instructions for execution by a ma-
chine (e.g., by one or more processors of such a ma-
chine), and includes digital or analog communication sig-
nals or other intangible media to facilitate communication
of such software.

[0013] Itis noted that the environment 100 shown in
FIG. 1 is merely an example. For instance, any number
of CDN servers 108 and content providers 110 may be
embodied within the environment 100. Additionally,
some components of the environment 100 may be com-
bined. For example, the functions of the digital receiver
102 may be embodied within the viewing device 104 to
form a single device, such as a smart television, tablet,
smartphone, or any other device that is capable of ob-
taining, rendering, and displaying content. Moreover, the
functions described herein for any single system or ma-
chine may be subdivided among multiple systems or ma-
chines.

[0014] Any of the systems or machines (e.g., databas-
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es, devices, servers) shown in, or associated with, FIG.
1 may be, include, or otherwise be implemented in a spe-
cial-purpose (e.g., specialized or otherwise non-generic)
computer that has been modified (e.g., configured or pro-
grammed by software, such as one or more software
modules of an application, operating system, firmware,
middleware, or other program) to perform one or more
of the functions described herein for that system or ma-
chine. For example, a special-purpose computer system
able to implement any one or more of the methodologies
described herein is discussed below with respect to FIG.
5, and such a special-purpose computer may accordingly
be a means for performing any one or more of the meth-
odologies discussed herein. Within the technical field of
such special-purpose computers, a special-purpose
computer that has been modified by the structures dis-
cussed herein to perform the functions discussed herein
is technically improved compared to other special-pur-
pose computers that lack the structures discussed herein
or are otherwise unable to perform the functions dis-
cussed herein. Accordingly, a special-purpose machine
configured according to the systems and methods dis-
cussed herein provides an improvement to the technol-
ogy of similar special-purpose machines.

[0015] FIG.2isablockdiagramillustratingan example
embodiment of components within the digital receiver
102 in accordance with an example embodiment. In ex-
ample embodiments, the digital receiver 102 manages
access to content streamed over the network 106. In par-
ticular, the digital receiver 102 prefetches metadata, pre-
serves a bitrate used for playback (e.g., streaming or
downloading) of a previous piece of content when initi-
ating the playback of a new piece of content, and pre-
serves at least a portion of a content delivery pipeline.
To enable these operations, the digital receiver 102 com-
prises a player 202, a content delivery pipeline 204 (also
referred to as "pipeline"), a cache manager 206, and a
cache 208, all of which may be configured to communi-
cate with each other (e.g., over a bus, shared memory,
or a switch). The digital receiver 102 comprises other
components (not shown) that are not pertinent to oper-
ations of example embodiments.

[0016] The player 202 is configured to manage the
pipeline 204. In example embodiments, the player 204
instantiates (e.g., constructs) the pipeline 204 when a
first piece of content is selected for display. A different
pipeline may be constructed for each type of content. For
example, the player 202 constructs a HTTP Live Stream-
ing (HLS) pipeline for HLS content and constructs a Dy-
namic Adaptive Streaming over HTTP (DASH) pipeline
for DASH content. The player 204 also decides whether
to maintain at least a portion of the pipeline 204 or con-
struct a new pipeline when a switch in content occurs
(e.g., channel change or selection of new content for
viewing). An example method for managing the preser-
vation of the pipeline is discussed in further detail in con-
nection with FIG. 4 below.

[0017] The pipeline 204 is constructed by the player
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202 by acquiring appropriate resources for obtaining and
processing content data in order to playback selected
content. The resources of the pipeline 204 comprise a
source element 212, a demultiplexer ("demux") 214, an
audio decoder 216, and a video decoder 218. The source
element 212 manages the downloading of content data
for the selected piece of content. The source element
212 also manages bitrate adaptation at the digital receiv-
er 102. Specifically, the source element 212 remembers
a last bitrate that is used for playback of a current/previ-
ous piece of content, and continues to use that bitrate
for playback of the new content. As such, if the last bitrate
is high, the source element 212 will start with the same
high bitrate for the new content. If the new content cannot
be playback at that bitrate, then the source element 212
will lower the bitrate. For example, if the downloading of
the content takes less time than anticipated, there is
spare bandwidth and the bitrate can be increased. Con-
versely, if the download is taking longer than anticipated,
then the bitrate is decreased. As such, example embod-
iments, will start the playback of the new content at the
previous/last bitrate instead of starting at a lower or low-
est bitrate (and slowly increasing). The demux demulti-
plexes the content data obtained from the CDN server
108 or the content provider 110 to obtain an audio signal
and a video signal. The audio signal is transmitted to the
audio decoder 216 for processing, while the video signal
is transmitted to the video decoder 218 for processing.
The results from the audio and video decoders 216 and
218 are output (e.g., transmitted) to the viewing device
104 for presentation to the user.

[0018] The cache manager 206 manages the prefetch-
ing of metadata for content that may potentially be se-
lected for playback. In some embodiments, the cache
manager 206 predicts contentthe user may be interested
inviewing. Forexample, a user may be navigating alinear
list of channels or programs (e.g., an electronic program-
ming guide; "EPG") in a particular direction (e.g., up or
down). In this embodiment, the cache manager 206 pre-
dicts a next set of content based on the direction of nav-
igation on the linear list. In another example, the user
may be viewing a video-on-demand (VoD) catalog or a
watchlist of a user. If the user requests information or
hovers over a selection for a piece of content, the cache
manager 206 uses this as prediction that the piece of
content is of interest to the user. Alternatively, the cache
manager may consider all (or some) pieces of content in
viewable portion of the catalog or watchlist as content of
interest. In any of these cases, the cache manager 206
prefetches the metadata for the content of interest, and
stores the prefetched data to the cache 208. The meta-
data may comprise, for example, one or more uniform
resource locators (URLs) where the chunks of content
are available, URLs for different bit rates, license data
(e.g., where to obtain a license from), and codec infor-
mation. The codec information will be used by the player
202 to determine whether to preserve at least a portion
of the pipeline 204, as will be discussed further below. If
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the user subsequently selects content for which the meta-
data is already prefetched, then the metadata can be
accessed from the cache 208 instead of having to be
retrieved over the network 106 from the CDN server 108
or the content provider 110 after selection. This will assist
in the reduction of latency in playback.

[0019] Anyone or more of the components (e.g., mod-
ules, decoders, resources) described herein may be im-
plemented using hardware alone (e.g., one or more proc-
essors of a machine) or a combination of hardware and
software. For example, any component described herein
may physically include an arrangement of one or more
of the processors or configure a processor (e.g., among
one or more processors of a machine) to perform the
operations described herein for that module. According-
ly, different components described herein may include
and configure different arrangements of the processors
at different points in time or a single arrangement of the
processors at different points in time. Each component
described herein is an example of a means for performing
the operations described herein for that component.
Moreover, any two or more of these components may be
combined into a single component, and the functions de-
scribed herein for a single component may be subdivided
among multiple components. Furthermore, according to
various example embodiments, components described
herein as being implemented within a single machine,
database, or device may be distributed across multiple
machines, databases, or devices.

[0020] FIG. 3 is a flow diagram of an example method
300 for optimizing content change in accordance with
example embodiments. In example embodiments, the
method 300 is performed in part or in whole by compo-
nents of the digital receiver 102. Accordingly, the method
300 is described by way of example with reference to the
digital receiver 102. However, it shall be appreciated that
at least some of the operations of the method 300 may
be deployed on various other hardware configurations or
be performed by similar components residing elsewhere
in the environment 100. Therefore, the method 300 is not
intended to be limited to the digital receiver 102.

[0021] In operation 302, a first piece of content is
caused to be played by the viewing device 104. In exam-
ple embodiments, the player 202 constructs the pipeline
204 for obtaining and processing the content data for the
first piece of content. In particular, the player 202 acquires
the source element 212, the demux 214, the audio de-
coder 216, and the video decoder 218 to form the pipeline
204. The data content is processed by the pipeline 204
and presented on the viewing device 104.

[0022] In operation 304, metadata for a set of one or
more content of interest is prefetched. In example em-
bodiments, the cache manager 206 predicts content of
interest of a user and prefetches the metadata for the
content of interest. The prefetched data is then stored to
the cache 208. The metadata may comprise, but is not
limited to, one or more URLs where the chunks of content
are available, one or more URL for different bit rates,
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license data (e.g., where to obtain a license from), and
codec information.

[0023] In operation 306, the player 202 receives an
indication to switch to a new piece of content for playback.
The indication may be received from a control device of
the user (e.g., a remote controller). In some embodi-
ments, the user may scroll through an EPG or be viewing
a catalog or watchlist, and selects a new piece of content
for viewing.

[0024] In operation 308, the digital receiver 102 main-
tains the bitrate when switching playback to the new piece
of content. In example embodiments, when transitioning
playback from an ongoing playback operation to a new
playback operation, the source element 212 uses a heu-
ristic bitrate derived for playback of the first piece of con-
tent for playback of the new piece of content. Thus, the
source element 212 attempts to maintain or preserve the
bitrate for playback as opposed to starting a new play-
back from the lowest possible bitrate. If the new piece of
content cannot be delivered at that bitrate, then the
source element 212 will lower the bitrate. As such, ex-
ample embodiments, will start the download of the new
content at the previous/last bitrate instead of starting at
a lower or lowest bitrate (and slowly increasing). This
allows playback of the new content at a most optimal
bitrate instantly instead of having to heuristically re-com-
pute the optimal bitrate starting from the lowest possible
bitrate. Conventionally, the derivation of the optimal bi-
trate usually requires downloading several segments or
chunks of content data resulting in a gradual improve-
ment of picture quality. However, example embodiments
that use the previous derived heuristic bitrate maintain
the same level of image quality as that of the previous
playback from a very beginning of playback for the new
content.

[0025] In operation 310, a pipeline preservation proc-
ess is performed to determine whether to maintain at
least a portion of the pipeline used to playback the first
piece of content for use with the playback of the new
piece of content. Furthermore, if the pipeline is to be
maintained or preserve, a determination is made as to
whether all the resources of the pipeline should be pre-
served or only a portion of the pipeline preserved (e.g.,
only some of the resources are kept and others are re-
leased). The pipeline preservation process will be dis-
cussed in more detail in connection with FIG. 4.

[0026] FIG. 4 is a flow diagram of an example method
400 for preserving a content delivery pipeline in accord-
ance with example embodiments. In example embodi-
ments, the method 400 is performed in part or in whole
by the player 202 with respect the resources of the pipe-
line 204. Accordingly, the method 400 is described by
way of example with reference to the player 202 and the
pipeline 204. However, it shall be appreciated that atleast
some of the operations of the method 400 may be de-
ployed on various other hardware configurations or be
performed by similar components residing elsewhere in
the environment 100. Therefore, the method 400 is not
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intended to be limited to the player 202 and the pipeline
204.

[0027] In operation 402, in response to receiving the
indication to switch playback to new content, the cache
manager 206 accesses the prefetched metadata stored
in the cache 208 for the new content. The prefetched
metadata for the new content may comprise one or more
URLs where the new content is available, one or more
URLSs for different bit rates associated with the new con-
tent, license data for the new content, and codec infor-
mation for the new content. The prefetched metadata
may also indicate whether the new content is of a same
type as the first piece of content. For example, the first
piece of content and the new content may both be in a
HTTP Live Streaming (HLS) format or both be in a Dy-
namic Adaptive Streaming over HTTP (DASH) format.
[0028] In operation 404, the player 202 determines
whether the first piece of content and the new content
are of the same content type. If the first piece of content
and the new content are not of the same type (e.g., first
piece of content is in HLS format and the new content is
in DASH format), then the resources of the pipeline 204
(e.g., the source element 212, the demux 214, the audio
decoder 216, and the video decoder 218) are released
in operation 406. Releasing all the resources of the pipe-
line 204 essentially deconstructs the pipeline 204. The
player 202 them creates a new pipeline by acquiring other
resources that are applicable to the content type of the
new content.

[0029] If in operation 404 the player 202 determines
that the first piece of content and the new content are of
the same content type (e.g., both are HLS format), then
in operation 408, codec information is detected for the
new content. In example embodiments, the player 202
examines the prefetched metadata for the new content
for the codec information. The codec information indi-
cates types of decoders needed for the new content.
[0030] In operation 410, a determination is made by
the player 202 as to whether the types of decoders need-
ed for the new content is the same as the decoders cur-
rently in the pipeline 204 for the first piece of content. If
the types of decoders needed is the same, then in oper-
ation 412 the entire pipeline 204 is preserved. In other
words, the resources of the pipeline 204 are maintained
and continued to be used to playback the new content.
[0031] However, if in operation 410 the player 202 de-
termines that the new content needs different decoders,
then in operation 414, the decoders (e.g., the audio de-
coder 216 and the video decoder 208) are released. Sub-
sequently in operation 416, a remaining portion of the
pipeline 204 (e.g., the source element 212 and the demux
214) are preserved or maintained. In these embodi-
ments, the player 202 acquires a new set of decoders
(e.g., a new audio decoder and a new video decoder)
applicable to the new content, and adds the new set of
decoders to the preserved portion of the pipeline 204.
[0032] While example embodiments are discussed
with respect to pipeline and bitrate preservation applica-
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ble to both DASH and HLS, example embodiments for
preservation of bitrate and the pipeline are applicable for
any type of content that is adaptive in nature (e.g., where
the content bitrate can change based on bandwidth).
[0033] FIG. 5 is a block diagram illustrating compo-
nents of a machine 500, according to some example em-
bodiments, able to read instructions 524 from a machine-
storage medium 522 (e.g., a non-transitory machine-
storage medium, a machine-readable storage medium,
a computer-readable storage medium, or any suitable
combination thereof) and perform any one or more of the
methodologies discussed herein, in whole or in part. Spe-
cifically, FIG. 5 shows the machine 500 in the example
form of a computer device (e.g., a computer) within which
the instructions 524 (e.g., software, a program, an appli-
cation, an applet, an app, or other executable code) for
causing the machine 500 to perform any one or more of
the methodologies discussed herein may be executed,
in whole or in part.

[0034] For example, the instructions 524 may cause
the machine 500 to execute the flow diagrams of FIGs.
3 and 4. The instructions 524 can transform the general,
non-programmed machine 500 into a particular machine
(e.g., specially configured machine) programmed to car-
ry out the described and illustrated functions in the man-
ner described.

[0035] In alternative embodiments, the machine 500
operates as a standalone device or may be connected
(e.g., networked) to other machines. The machine 500
may be a server computer, a client computer, a personal
computer (PC), a tablet computer, a laptop computer, a
netbook, a set-top box (e.g. STB), a personal digital as-
sistant (PDA), a cellular telephone, a smartphone, a web
appliance, a network router, a network switch, a network
bridge, a power adapter, or any machine 500 capable of
executing the instructions 524, sequentially or otherwise,
that specify actions to be taken by that machine 500.
Further, while only a single machine 500 is illustrated,
the term "machine" shall also be taken to include a col-
lection of machines that individually or jointly execute the
instructions 524 to perform any one or more of the meth-
odologies discussed herein.

[0036] The machine 500 includes a processor 502
(e.g., a central processing unit (CPU), a graphics
processing unit (GPU), a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a radio-
frequency integrated circuit (RFIC), or any suitable com-
bination thereof), a main memory 504, and a static mem-
ory 506, which are configured to communicate with each
other via a bus 508. The processor 502 may contain mi-
crocircuits that are configurable, temporarily or perma-
nently, by some or all of the instructions 524 such that
the processor 502 is configurable to perform any one or
more of the methodologies described herein, in whole or
in part. For example, a set of one or more microcircuits
of the processor 502 may be configurable to execute one
or more modules (e.g., software modules) described
herein.
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[0037] The machine 500 may furtherinclude agraphics
display 510 (e.g., a plasma display panel (PDP), a light
emitting diode (LED) display, a liquid crystal display
(LCD), a projector, a cathode ray tube (CRT), orany other
display capable of displaying graphics or video). The ma-
chine 500 may also include an alphanumeric input device
512 (e.g., a keyboard or keypad), a cursor control device
514 (e.g., a mouse, a touchpad, a trackball, a joystick, a
motion sensor, an eye tracking device, or other pointing
instrument), a storage unit 516, a signal generation de-
vice 518 (e.g., a sound card, an amplifier, a speaker, a
headphone jack, or any suitable combination thereof),
and a network interface device 520.

[0038] The storage unit516includesthe machine-stor-
age medium 522 (e.g., a tangible machine-readable stor-
age medium) on which are stored the instructions 524
embodying any one or more ofthe methodologies or func-
tions described herein. The instructions 524 may also
reside, completely or at least partially, within the main
memory 504, within the processor 502 (e.g., within the
processor's cache memory), or both, before or during
execution thereof by the machine 500. Accordingly, the
main memory 504 and the processor 502 may be con-
sidered machine-storage media 522 (e.g., tangible and
non-transitory machine-storage media).

[0039] In some example embodiments, the machine
500 may be a portable computing device and have one
or more additional input components (e.g., sensors or
gauges). Examples of such input components include an
image input component (e.g., one or more cameras), an
audio input component (e.g., a microphone), a direction
input component (e.g., a compass), a location input com-
ponent(e.g., aglobal positioning system (GPS)receiver),
an orientation component (e.g., a gyroscope), a motion
detection component (e.g., one or more accelerometers),
an altitude detection component (e.g., an altimeter), and
a gas detection component (e.g., a gas sensor). Inputs
harvested by any one or more of these input components
may be accessible and available for use by any of the
modules described herein.

EXECUTABLE INSTRUCTIONS AND MACHINE-
STORAGE MEDIUM

[0040] The various memories (i.e., 504, 506, and/or
memory of the processor(s) 502) and/or storage unit 516
may store one or more sets of instructions and data struc-
tures (e.g., software) 524 embodying or utilized by any
one or more of the methodologies or functions described
herein. These instructions, when executed by proces-
sor(s) 502 cause various operations to implement the
disclosed embodiments.

[0041] As used herein, the terms "machine-storage
medium," "device-storage medium," "computer-storage
medium" (referred to collectively as "machine-storage
medium 522") mean the same thing and may be used
interchangeably in this disclosure. The terms refer to a
single or multiple storage devices and/or media (e.g., a
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centralized or distributed database, and/or associated
caches and servers) that store executable instructions
and/or data, as well as cloud-based storage systems or
storage networks that include multiple storage apparatus
or devices. The terms shall accordingly be taken to in-
clude, but not be limited to, solid-state memories, and
optical and magnetic media, including memory internal
or external to processors. Specific examples of machine-
storage media, computer-storage media, and/or device-
storage media 522 include non-volatile memory, includ-
ing by way of example semiconductor memory devices,
e.g., erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only
memory (EEPROM), FPGA, and flash memory devices;
magnetic disks such as internal hard disks and remova-
ble disks; magneto-optical disks; and CD-ROM and DVD-
ROM disks. The terms machine-storage media, compu-
ter-storage media, and device-storage media 522 spe-
cifically exclude carrier waves, modulated data signals,
and other such media, atleast some of which are covered
under the term "signal medium" discussed below.

SIGNAL MEDIUM

[0042] The term "signal medium" or "transmission me-
dium" shall be taken to include any form of modulated
data signal, carrier wave, and so forth. The term "modu-
lated data signal" means a signal that has one or more
of its characteristics set or changed in such a matter as
to encode information in the signal.

COMPUTER READABLE MEDIUM

[0043] The terms "machine-readable medium," "com-
puter-readable medium" and "device-readable medium"
mean the same thing and may be used interchangeably
in this disclosure. The terms are defined to include both
machine-storage media and signal media. Thus, the
terms include both storage devices/media and carrier
waves/modulated data signals.

[0044] The instructions 524 may further be transmitted
or received over a communications network 526 using a
transmission medium via the network interface device
520 and utilizing any one of a number of well-known
transfer protocols (e.g., HTTP). Examples of communi-
cation networks 526 include a local area network (LAN),
a wide area network (WAN), the Internet, mobile tele-
phone networks, plain old telephone service (POTS) net-
works, and wireless data networks (e.g., WiFi, LTE, and
WiMAX networks). The term "transmission medium" shall
be taken to include any intangible medium that is capable
of storing, encoding, or carrying instructions 524 for ex-
ecution by the machine 500, and includes digital or an-
alog communications signals or other intangible medium
to facilitate communication of such software.

[0045] Throughout this specification, plural instances
may implement components, operations, or structures
described as a single instance. Although individual op-
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erations of one or more methods are illustrated and de-
scribed as separate operations, one or more of the indi-
vidual operations may be performed concurrently, and
nothing requires that the operations be performed in the
order illustrated. Structures and functionality presented
as separate components in example configurations may
be implemented as a combined structure or component.
Similarly, structures and functionality presented as a sin-
gle component may be implemented as separate com-
ponents. These and other variations, modifications, ad-
ditions, and improvements fall within the scope of the
subject matter herein.

[0046] Certain embodiments are described herein as
including logic or a number of components, modules, or
mechanisms. Modules may constitute either software
modules (e.g.,code embodied on a machine-storage me-
dium 522 or in a transmission signal) or hardware mod-
ules. A "hardware module" is a tangible unit capable of
performing certain operations and may be configured or
arranged in a certain physical manner. In various exam-
ple embodiments, one or more computer systems (e.g.,
a standalone computer system, a client computer sys-
tem, or a server computer system) or one or more hard-
ware modules of a computer system (e.g., a processor
502 or a group of processors 502) may be configured by
software (e.g., an application or application portion) as a
hardware module that operates to perform certain oper-
ations as described herein.

[0047] Insome embodiments, a hardware module may
be implemented mechanically, electronically, or any suit-
able combination thereof. For example, a hardware mod-
ule may include dedicated circuitry or logic that is per-
manently configured to perform certain operations. For
example, a hardware module may be a special-purpose
processor, such as afield-programmable gate array (FP-
GA) or an ASIC. A hardware module may also include
programmable logic or circuitry that is temporarily con-
figured by software to perform certain operations. For
example, a hardware module may include software en-
compassed within a general-purpose processor or other
programmable processor. It will be appreciated that the
decision to implement a hardware module mechanically,
in dedicated and permanently configured circuitry, or in
temporarily configured circuitry (e.g., configured by soft-
ware) may be driven by cost and time considerations.
[0048] Accordingly, the phrase "hardware module"
should be understood to encompass a tangible entity, be
that an entity that is physically constructed, permanently
configured (e.g., hardwired), or temporarily configured
(e.g., programmed) to operate in a certain manner or to
perform certain operations described herein. As used
herein, "hardware-implemented module" refers to ahard-
ware module. Considering embodiments in which hard-
ware modules are temporarily configured (e.g., pro-
grammed), each of the hardware modules need not be
configured or instantiated at any one instance in time.
For example, where a hardware module comprises a
general-purpose processor configured by software to be-
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come a special-purpose processor, the general-purpose
processor may be configured as respectively different
special-purpose processors (e.g., comprising different
hardware modules) at different times. Software may ac-
cordingly configure a processor, for example, to consti-
tute a particular hardware module at one instance of time
and to constitute a different hardware module at a differ-
ent instance of time.

[0049] The various operations of example methods de-
scribed herein may be performed, at least partially, by
one or more processors that are temporarily configured
(e.g., by software) or permanently configured to perform
the relevant operations. Whether temporarily or perma-
nently configured, such processors may constitute proc-
essor-implemented modules that operate to perform one
or more operations or functions described herein. As
used herein, "processor-implemented module" refers to
ahardware module implemented using one or more proc-
€essors.

[0050] Similarly, the methods described herein may be
atleast partially processor-implemented, a processor be-
ing an example of hardware. For example, at least some
of the operations of a method may be performed by one
or more processors or processor-implemented modules.

EXAMPLES

[0051]

Example 1 is a method for optimizing a content
change process. The method comprises causing
playback, by a digital receiver, of a first piece of con-
tent; receiving, by the digital receiver, a selection of
a new piece of content for playback during the play-
back of the first piece of content; and in response to
the receiving of the selection, maintaining, by a proc-
essor of the digital receiver, a bitrate used for play-
back of the first piece of content to initiate playback
of the new piece of content.

In example 2, the subject matter of example 1 can
optionally include determining whether the new
piece of content is of a same type as the first piece
of content; and based on the new piece of content
being the same type as the first piece of content,
determining whether to preserve at least a portion
of a playback pipeline.

In example 3, the subject matter of examples 1-2
can optionally include wherein the determining
whether to preserve comprises detecting codec in-
formation for the new piece of content, the codec
information indicating types of decoders needed for
the new content; and determining whether an audio
decoder and a video decoder in the pipeline are of
the types indicated by the codec information.

In example 4, the subject matter of examples 1-3
can optionally include preserving the entire pipeline
in response to the audio decoder and the video de-
coderin the pipeline being the types indicated by the
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codec information.

In example 5, the subject matter of examples 1-4
can optionally include releasing the audio decoder
and the video decoder in the pipeline in response to
the audio decoder and the video decoder in the pipe-
line being different than the types indicated by the
codec information; and obtaining a new audio de-
coder and a new video decoder based on the codec
information.

Example 6 is a system optimizing a content change
process. The system includes one or more hardware
processors and a storage device storing instructions
that configure the one or more hardware processors
to perform operations comprising causing playback
of a first piece of content; receiving a selection of a
new piece of content for playback during the play-
back of the first piece of content; and in response to
the receiving of the selection, maintaining a bitrate
used for playback of the first piece of content to ini-
tiate playback of the new piece of content.

In example 7, the subject matter of example 6 can
optionally include determining whether the new
piece of content is of a same type as the first piece
of content; and based on the new piece of content
being the same type as the first piece of content,
determining whether to preserve at least a portion
of a playback pipeline.

In example 8, the subject matter of examples 6-7
can optionally include wherein the determining
whether to preserve comprises detecting codec in-
formation for the new piece of content, the codec
information indicating types of decoders needed for
the new content; and determining whether an audio
decoder and a video decoder in the pipeline are of
the types indicated by the codec information.

In example 9, the subject matter of examples 6-8
can optionally include preserving the entire pipeline
in response to the audio decoder and the video de-
coder in the pipeline being the types indicated by the
codec information.

In example 10, the subject matter of examples 6-9
can optionally include releasing the audio decoder
and the video decoder in the pipeline in response to
the audio decoder and the video decoder in the pipe-
line being different than the types indicated by the
codec information; and obtaining a new audio de-
coder and a new video decoder based on the codec
information.

Example 11 is machine-readable medium storing in-
structions that when executed by one or more hard-
ware processors of a machine, cause the machine
to perform operations comprising causing playback
of a first piece of content; receiving a selection of a
new piece of content for playback during the play-
back of the first piece of content; and in response to
the receiving of the selection, maintaining a bitrate
used for playback of the first piece of content to ini-
tiate playback of the new piece of content.
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In example 12, the subject matter of example 11 can
optionally include determining whether the new
piece of content is of a same type as the first piece
of content; and based on the new piece of content
being the same type as the first piece of content,
determining whether to preserve at least a portion
of a playback pipeline.

In example 13, the subject matter of examples 11-12
can optionally include wherein the determining
whether to preserve comprises detecting codec in-
formation for the new piece of content, the codec
information indicating types of decoders needed for
the new content; and determining whether an audio
decoder and a video decoder in the pipeline are of
the types indicated by the codec information.

In example 14, the subject matter of examples 11-13
can optionally include preserving the entire pipeline
in response to the audio decoder and the video de-
coderin the pipeline being the types indicated by the
codec information.

In example 15, the subject matter of examples 11-14
can optionally include releasing the audio decoder
and the video decoder in the pipeline in response to
the audio decoder and the video decoder in the pipe-
line being different than the types indicated by the
codec information; and obtaining a new audio de-
coder and a new video decoder based on the codec
information.

[0052] Some portions of the subject matter discussed
herein may be presented in terms of algorithms or sym-
bolic representations of operations on data stored as bits
or binary digital signals within a machine memory (e.g.,
a computer memory). Such algorithms or symbolic rep-
resentations are examples of techniques used by those
of ordinary skill in the data processing arts to convey the
substance of their work to others skilled in the art. As
used herein, an "algorithm" is a self-consistent sequence
of operations or similar processing leading to a desired
result. In this context, algorithms and operations involve
physical manipulation of physical quantities. Typically,
but not necessarily, such quantities may take the form of
electrical, magnetic, or optical signals capable of being
stored, accessed, transferred, combined, compared, or
otherwise manipulated by a machine. It is convenient at
times, principally for reasons of common usage, to refer
to such signals using words such as "data," "content,"
"bits," "values," "elements," "symbols," "characters,"
"terms," "numbers," "numerals," or the like. These words,
however, are merely convenient labels and are to be as-
sociated with appropriate physical quantities.

[0053] Unless specifically stated otherwise, discus-
sions herein using words such as "processing," "comput-
ing," "calculating," "determining," "presenting," "display-
ing," or the like may refer to actions or processes of a
machine (e.g., a computer) that manipulates or trans-
forms data represented as physical (e.g., electronic,
magnetic, or optical) quantities within one or more mem-
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ories (e.g., volatile memory, non-volatile memory, or any
suitable combination thereof), registers, or other ma-
chine components that receive, store, transmit, or display
information. Furthermore, unless specifically stated oth-
erwise, the terms "a" or "an" are herein used, as is com-
mon in patent documents, to include one or more than
one instance. Finally, as used herein, the conjunction
"or"refersto a non-exclusive "or," unless specifically stat-
ed otherwise.

[0054] Although an overview of the inventive subject
matter has been described with reference to specific ex-
ample embodiments, various modifications and changes
may be made to these embodiments without departing
from the broader scope of embodiments of the present
invention. Forexample, various embodiments or features
thereof may be mixed and matched or made optional by
a person of ordinary skill in the art. Such embodiments
of the inventive subject matter may be referred to herein,
individually or collectively, by the term "invention" merely
for convenience and without intending to voluntarily limit
the scope of this application to any single invention or
inventive concept if more than one is, in fact, disclosed.
[0055] The embodiments illustrated herein are be-
lieved to be described in sufficient detail to enable those
skilled in the artto practice the teachings disclosed. Other
embodiments may be used and derived therefrom, such
that structural and logical substitutions and changes may
be made without departing from the scope of this disclo-
sure. The Detailed Description, therefore, is not to be
taken in a limiting sense, and the scope of various em-
bodiments is defined only by the appended claims.
[0056] Moreover, plural instances may be provided for
resources, operations, or structures described herein as
a single instance. Additionally, boundaries between var-
ious resources, operations, modules, engines, and data
stores are somewhat arbitrary, and particular operations
are illustrated in a context of specific illustrative configu-
rations. Other allocations of functionality are envisioned
and may fall within a scope of various embodiments of
the present invention. In general, structures and func-
tionality presented as separate resources in the example
configurations may be implemented as a combined struc-
ture or resource. Similarly, structures and functionality
presented as a single resource may be implemented as
separate resources. These and other variations, modifi-
cations, additions, and improvements fall within a scope
of embodiments of the present invention as represented
by the appended claims. The specification and drawings
are, accordingly, to be regarded in an illustrative rather
than a restrictive sense.

Claims

1. A method performed by a digital receiver (102), the
method comprising:

receiving (306) a selection of a new piece of con-
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tent for playback during playback of a first piece
of content;

in response to the receiving of the selection,
transitioning to the new piece of content;
determining (404) whether the new piece of con-
tent is of a same content type as the first piece
of content; and

based on the new piece of content being the
same content type as the first piece of content,
determining (408, 410, 412, 414, 416) whether
to preserve at least a portion of a playback pipe-
line used to play back the first piece of content,
the playback pipeline comprising a source ele-
ment to manage the downloading of content da-
ta for the new piece of content, a demultiplexer,
an audio decoder, and a video decoder, the pre-
serving of at least the portion of the playback
pipeline comprising preserving one or more of
the source element, the demultiplexer, the audio
decoder, or the video decoder.

2. The method of claim 1, wherein the determining
whether to preserve comprises:

detecting (408) codec information for the new
piece of content, the codec information indicat-
ing types of decoders needed for the new piece
of content; and

determining whether the audio decoder and the
video decoder in the playback pipeline are of the
types indicated by the codec information.

3. The method of claim 2, further comprising:
preserving (412) the entire playback pipeline in re-
sponse to the audio decoder and the video decoder
in the playback pipeline being the types indicated by
the codec information.

4. The method of claim 2, further comprising:

releasing (414) the audio decoder and the video
decoder in the playback pipeline in response to
the audio decoder and the video decoder in the
playback pipeline being different than the types
indicated by the codec information; and
obtaining a new audio decoder and a new video
decoder based on the codec information.

5. The method of claim 2, wherein the detecting (408)
the codec information for the new piece of content
comprises examining prefetched metadata for the
new piece of content.

6. The method of any one of claims 1 to 5, wherein:
the transitioning to the new piece of content

comprises initiating playback of the new piece
of content using a bitrate used for playback of
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the first piece of content to maintain (308) the
bitrate for playback of the new piece of content;
and

the determining (408, 410, 412, 414, 416)
whether to preserve occurs when the first bitrate
is maintained.

The method of claim 6, further comprising:

during playback of the new piece of content us-
ing the bitrate, detecting whether the new piece
of content can maintain playback at the bitrate;
and

in response to detecting that the new piece of
content cannot continue playback at the bitrate,
lowering the bitrate.

The method of any one of claims 1 to 7, further com-
prising:

based on the first piece of content and the new
piece of content not being the same content
type, deconstructing the playback pipeline by re-
leasing (406) the source element, the demulti-
plexer, the audio decoder, and the video decod-
er; and

creating a new playback pipeline by acquiring
other resources that are applicable to a content
type of the new piece of content.

The method of any one of claims 1 to 8, wherein the
receiving (306) the selection, transitioning to the new
piece of content, determining (404) whether the new
piece of content is of a same content type as the first
piece of content, and determining (408, 410, 412,
414,416)whetherto preserveis performed by a play-
er (202).

The method of any one of claims 1 to 9, further com-
prising:

based on the first piece of content and the new
piece of content not being the same content
type, releasing the source element; and
creating a new playback pipeline by acquiring a
different source element that is applicable to a
content type of the new piece of content.

The method of any one of claims 1 to 10, further
comprising:

based on the first piece of content and the new
piece of content not being the same content
type, releasing the demultiplexer; and

creating a new playback pipeline by acquiring a
different demultiplexer that is applicable to a
content type of the new piece of content.
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12. The method of any one of claims 1 to 11, further

comprising:

based on the first piece of content and the new
piece of content not being the same content
type, releasing the audio decoder; and
creating a new playback pipeline by acquiring a
different audio decoder that is applicable to a
content type of the new piece of content.

13. The method of any one of claims 1 to 12, further

comprising:

based on the first piece of content and the new
piece of content not being the same content
type, releasing the video decoder; and
creating a new playback pipeline by acquiring a
different video decoder that is applicable to a
content type of the new piece of content.

14. A digital receiver (102) comprising:

one or more hardware processors (502); and
a storage device (504) storing instructions that
configure the one or more hardware processors
(502) to carry out the method of any preceding
claim.

15. A machine-readable medium carrying instructions,

that when executed by one or more hardware proc-
essors of a machine, cause the machine to carry out
the method of any one of claims 1 to 13.
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