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a second video streaming source 1s processed on the display
device without displaying the second video stream. Display-
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video stream 1s displayed. Supporling operations on a video
stream is also disclosed. Al least one video chunk is received
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Display a first video stream from a first video | _~ 202
streaming source

l

Process a second video stream from a second 204
video streaming source on the display device _
without displaying the second video stream

l

Cease displaying the first video stream and | _~ 206
instead display the second video stream

FIG. 2
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function c:hunk__switchingl {() {
if {chunk[i].switching point -
chunkfi] .pht < alpha) {
chunk[i].stop{):
chunk[i+l].play{)

FIG. 4
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function chunk switching2() {
if {(chunk[i].cuepoint} {
chunk[i+1l] .play{};
}
// estimate pht of chunk[i+1)]
wait for chunk[i+l].pht to change k times to compute
chunk[i+l].est pht;
chunk[i+1] .pause(}:
// chunk{i] and chunk[i+1] almost in sync.
if {chunk{i+l].est pht - chunk{i}.est pht < beta)
// restart chunk[i+l}
chunk[i+l] .resumea () ;
repeat {
/7 make sure that chunk({il] and chunk{i+1] are
raally in gyno.
wait for chunk[i+l].pht te change k times to
compute chunk[i+l].est pht;
if (chunk[i+l].est pht - chunk[i].est pht > delta)
f/ chunfi+i} is stiil a bit ahead of chun/i}
pause chunk{i+l] for one time interwval;
elsea
// compliete the switch
chunk[i] .stop ()

FIG. 5
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farge chunks
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Receive at least one video chunk ata [~ 702
coarse granularity

l

Determine that an operation isto be | ~ 704
performed at a finer granularity

l

Request at least one video chunk atthe | ~ 708
finer granuiarity

FIG.7
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SWITCHING CONTENT

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
patent application Ser. No. 13/767,220 entitled SWITCH-
ING CONTENT filed Feh. 14, 2013, which is a conlinuation
of LS. patent applicalion Ser. No. 1277300056 entitled
SWITCHING CONTENT filed Mar. 23, 2010, now .S,
Pat. No. 8,402,494, which claims prority to U.S. Provi-
sional Patent Application No. 61/210,928 entitled SEAM-
LSS SWITCHING FOR TREAMING CONTENT filed
Mar. 23, 2009. which are incorporaled herein by relerence
for all purposes.

BACKGROUND O TTIE INVENTION

Individuals are increasingly using cliemt machines to
access content, such as video files and live streaming/video-
on-demand content, via the Internet or other networks.
Players lor such conlent are (ypically buill using standard
commercially available platforms such as Adobe llash or
Microsott Silverlight. In some cases, such as where the
client machine is inecluded in an enterprise environment, or
due o parental or other controls, users are restricled in some
ol the actions that they can (ake with respeet o the client
machines. As one example, users may be prohibited [rom
installing sottware applications for security or other policy

reasons. Untortunately, if’ the platform does not natively -

provide cerlain player lunctionalily, it can be diicult (o
provide that lunctiomalily without requiring the installation
ol a plugin or modilying the source ol the conlent.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the sccompanying draw-
ings.

FIG. 1 s an illustration ol an environment in which
content is distributed.

I'IGr. 2 illustrates an embodiment of a process Tor display-
g video on a video display device.

FIG. 3 illustrates an example of two video chunks.

I'IG. 4 illustrates an example ol pseudo code lor implant-
ing chunk switching.

FIG. 5 illustrates an example of pseudo code for inplant-
g chunk switching,

FIG. 6 illustrates an example of a video stream divided
into chunks ol two different sizes.

IIG. 7 illustrates an cmbodiment ol a process Tor sup-
porting fine granularity operations on a video stream.

DIFTATLLED DESCRIPTION

The invention can be implemented in numerous ways,
inecluding as a process; an apparatus; a svstelm; a composi-
tion of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such
as a processor conligured (o cxecule instructions stored on
and/or provided by a memory coupled to the processor. In
this specification, these implementations, or any other form
that the nvention may lake, may be relorred 1o as lech-
niques. In general. the order of the sieps of disclosed
processes may be allered within the scope of the invention.
Unless stated otherwise, a component such as a processor or
a memory described as being configured 1o perform a task

[

1

2

may be implemented as a general component that is tem-
porarily conligured to perlorm the task al a given tme or a
specilic component that is manulactured 1o perform the task.
As used herein, the lerm “processor’ relers 0 one or more
devices, circuits, and/or processing cores configured 1o
process data, such as computer program instructions.

A delailed description of one or more cmbodiments ol the
invention is provided below along with accompanying [ig-
vres that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope ol the invention is Timiled only by (he claims and
the invention encompasses numerous allernatives, modili-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according (o the claims withoul some or all of
these specific details. For the purpose of clarity, technical

2 material that is known in the technical fields related 1o the

[
[y

1

40

45

La

[i1¥]

G5

invention has not been deseribed in detail so that the
invention is not unnecessarily obscured.

FIG. 1 is an illustration of an environment in which
content is distributed. In the example shown, clients 170-184
are used to access content, such as audiovisval content (e.g.,
movies. songs. lelevision shows. sporling eventls. gamoes,
images. ete.y that is owned by conlent owners. The conlent
is stored (or captured) at origin servers 196-198, then
distributed via other servers, caches, content distribution
networks  (CDNs). proxics, cle. {collectively. “conlent
sources”). Conlent sources employ a variely ol technologics
and include ITUTE Adobe lilash Media. and Microsoll
Internet Information Service servers. In some embodiments
content is also distributed by clients (e.2., using peer-to-peer
lechnigues).

Ixamples of clients include personal computers (1707,
laplops (182), cellular phones/personal digital assislants
(178), and other tvpes ot information appliances {(not shown)
such as set-top hoxes, game consoles, broadband routers, file
servers. video servers. and digital video recordoers, as appli-
cable. The clienis shown are used by subscribers o varlous
Internet service providers (ISDPs). For example, clients 170,
172, and 174 are subscribed 10 SPP1 (122), while clients 176,
178, and 180 are subscribed to SI'2 (124), and clients 182
and 184 arc subscribed o SP3 (126).

In the example shown. a movie studio (“Studio™) has
contracted with content distributor 142 to provide down-
loadable copies of its filns in exchange for a fee. Similarly,
4 lelevision network (XY™ has contracted with conlent
distribulors 142-148 10 provide viewers with access o live
streams ol its broadeasts as well as streams ol welevision
show episodes and sporting events. In some cases, the
content distributor is owned/operated by the content owner,

Conlent distributor 142 has a data center thal is provided
with network access by backbone 18P 132, Though repre-
sented here by a single node (also referred to herein as a
“CDN node™), content distributor 142 may typically have
multiple data centers (not shown) and mayv make use of
mulliple backbone or other 18Ps. Content distributor 144 hag
a data center that is provided with network access by
backbone ISP 134,

Suppose a user of client 172 (hereinatter “Alice™) would
like 1o walch a live soccer game owned by XY/, Client 172
includes a web browser application. Alice uses the web
browser applicalion 1o navigale o a portal owned by XY7,
such as “hrtp://xyztvnetwork convlivegames.” Her request
for the game is directed 10 a CDN node that is closest to her,
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3
In this case, CDN 146 is the fewest hops away from her
client. Iler client then beging streaming the conlent [rom
CION 146, which is in turn rendered in her browser (c.g., via
4 lilash or Silverlight player).

In addition to CDN 146, Alice’s client is also in commu-
nieation with content distribution coordinator 102. Content
distribution coordinator 102 periodically exchanges intior-
mation with clienls using messages relerred (0 herein as
heartbeal messages. Conlent distribution coordinator 102
provides instructions lo clients that indicate the node(s) [rom
which they should obtain the appropriate stream data (and/or
as applicable the node(s) 1o which they should send stream
data). Clients send content distribution coordinator 102
information such as current CPU load. available storage. and
geographic location ol the client. Clicnts can also send stalus
information that deseribes (the quality ol the user experience.
such as the length of time it takes for the soccer game video
1o start plaving, the humber of buttering events (if any), the
length of buifering events, and the number of frames per
socond rendered by the video player. Content distribution
center 102 uses the received inlormation to maintain a
global and vp-to-date view of various portions of the envi-
ronment shown in FIG. 1.

Ag other vsers of clients 170-184 request content, their
respective players similarly obtain content [rom content
sources such as CDN 144 and also communicale with
content distribution coordinator 102, Such plavers may be
browser-based as with Alice’s, or they may be standalone
applications. as applicable. Conlent distribution coordinalor
102 colleets and processes the inlormation received [rom
Alice’s client along with other clients. "The collected infor-
mation can be vsed 1o detect and remedy problems in the
content distribution. Examples of such problems include
excessive bullering. freering. and rame skipping.

In the example shown in FIG. 1. a single content distri-
hution coordinator 102 is used. Portioms of content distri-
bution coordinator 102 may be provided by and/or replicated
across various other modules or intkastrueture depending,
lor example. on [actors such as scalability and availability
(reducing the likelihood ol having a single point ol Failure).
and the techniques described herein may be adapted accord-
ngly. In some embodiments content distribution coordinator
102 is inplemented across a set of machines distributed
among several data conters. A Resilience Service [ayer
(R81.Y can also be used 1o ensure that the monitoring service
is not disrupted when/it'a subset of machines fail or a subset
of data centers hosting the content distribution monitor are
discomnected [rom the Internet.

Swilching Content

Alice’s client (172) is initially assigned CION 146 as a
source of the soccer game. However, as the game progresses,
content distribution coordinator 102 may instruct client 172
o change the source [rom CIDN 146 (o a dilferent source.

(ne reason that client 172 could be so instructed is il the s

content distribution monitor determines that excessive con-
gestion is occurring with respect to CDN 146, while CDN
148 has spare bandwidth. In that case, content distribution
coordinator 102 would instruct client 172 (o obtain the game
[rom CDN 148. As another example, client 172 can be
mstrueted 1o switch for cost reasons. For example, client 172
can be instructed to switch from CDN 146 (which delivers
content via RTMPY o CION 148 (which delivers conlent via
ITTTP). Client 172 can also be instructed (o switch [rom
CION 146 (o client 184 as a source of content il client 184
is configured to act as a peer and vses a peer-to-peer protocol
1o Transfer content.

[

1
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Instead of or in addition 1o assigning new content sources,
content distribution coordinator 102 can also instruct clients
o swilch between different conlent streams provided by the
same source. As one example. suppose a user ol client 180
{hereinatter “Bob”) initially fetches a movie from CDN 142,
in high quality, at a bitrate of 1 Mbps. As Bob watches the
movie, the quality of his viewing experience degrades (e.g.,
due 1o other users ol his DS, connection also walching
movies or due to his CPU being overloaded). Conlent
distribution coordinator 102 is conligured o instruct client
180 to switch from the higher quality video to a lower
quality video (e.g., at a bitrate of 300 kbps). As another
example, Alice may initially receive a low quality video feed
ol the game and (hen be instructed o swileh o a higher
quality leed (either on the same CDN or a dillerent C1DNY
onee il is determined that client 172 is able 0 maintain the
higher quality feed.

In varions embodiments, rather than instructing clients 1o

25 switch sources, content distribution coordinator 102 is con-

figured 1o provide clients with recommendations and the
clients include logic to make an ultimate decision ol whether
to switch.

Az will be explained in more detail below, using the
techniques described herein, when a client switches from
one video leed 10 another, the ability of a user of the client
lo pereeive the swilch is minimived and in some cases nol
present.

Plaver Architecture

Client 172 is a typical commodity desklop compuler
running the Windows 7 operating syslem and, as explained
above, has a web browser application nstalled. Also
installed on client 172 i3 the Adobe Flash platform, which
includes a video plaver, Other platforms can also be installed
on clients (such as Microsol Silverlight) and the (echnigues
desceribed herein adapted o work with them, as applicable.

The video player supporls a scripling language (e,
ActionScript for Flash, and C# for Silverlight) which allows
developers 1o write programs that control the behavior of
instances of the video player. such as instructing the video
player 1o play a particular sircam (e.g., provided by CION
146), to pause or resume plaving a stream, and to control the
audio level of the stream.

When Alice directs her browser to the video portal
provided by XY /. a scripl (lo control the video player) is
dynamically, transparently downloaded. meaning that Alice
is not prompted 1o approve or install the script. The script is
a meta-plaver that controls the vnderlving Flash (or Silver-
light) player.

Swilching Between Two Video Streams

As mentioned above. when Alice lrst indicates interest in
watching the soccer game (e.g., by selecting a “watch now™
button provided by the portal), client 172 is directed 10
stream the content [rom CIDN 146, Content is delivered 1o
Alice as a series o 30 second video chunks. Conlent sources
store the video chunks (which have associated chunk iden-
tiflers), and 10 some cases store mwltple copies of the
content (e.g., encoded with various bitrates and/or as chunks
ol different sizes). The mela-player instructs an instance of
the video player o play the chunks one by one.

It a problem is detected in the playvback (e.g., due to a
change in a network condition or CPU overuse), the meta-
player is conligured 1o retricve (he content (e.g., based on
chunk identifiers) [rom another source. or o choose a
dillerent qualily siream [rom the same source, as applicable.
In some embodiments the meta-player switches content
sources based on an instruction provided by content distri-
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bution coordinator 102. In other embodiments, the meta-
player includes logic that allows il o participale in the
swilching decision.

Starting 1o play a video chunk from a new source in the
video player will likely involve a non-trivial overhead, such
as plaver initialization, establishing a connection to the
source, and [illing a player buller. Accordingly. il the content
meta-player 1s conligured lo display the soccer game using
a single instance of the Flash video plaver, 1t is possible that
Alice will see a potentially lengthy glitch during the time it
takes the plaver 1o switch video chunk sources. In some
embodiments, such glitches are prevented [rom being per-
ceived by Alice through the use ol two {or more) inslances
of'the video player—one of which is shown to Alice, and one
of which is hidden from Alice’s view at any given Time.

I'IGr. 2 illustrates an embodiment of a process Tor display-
ing video om a video display device. In some embodiments
the process shown in UG 2 is perlormed by client 172, The
process begins at 202 when a first video stream from a first
video streaming source is displaved. As one example, at 202,
video chunks of the soccer game are received by client 172
and sequentially rendered by Alice’™s video player.

At 204, a second video stream from a second video
streaming, source is processed on the display device, but not
displaved. As one example of the processing perforimed at
204, supposc that afller rendering several chunks of the
soceer game [or Alice. content distribution coordinator 102
determines that it would be less expensive to deliver the
game to Alice via CDN 148 than to continve delivering it via

CION 146. AL 204. the mela-player seript begins letching 2

chunks ol the soccer game in a second instance ol the video
player. 13olh players are conligured o display the video
game in the same region of Alice’s screen. However, at any
given time, only one plaver will display video in that region.

Initially, the first instance of the player continues (o display 3

the soccer game. while the second player cslablishes a
connoection (o CIIN 148 and begins [elching video chunks of
its owi,

At 206, the first video stream ceases being displaved and
the second video stream is instead displayed. Vor example.
al 206. al an appropriale time, the mela-player seript
nstruets the first instance of the plaver to hide (and mute its
audio) and instructs the second instance of the plaver to
become visible (and vnmute its audio). In this scenario, the
first instance ol the player is streaming contenl using one
protocol (RIMPY and the second inslance of the player is
streaming, content using a second protocol (HTTP). As
another example of the two streams using two different
protocols. suppose C1IN 142 is conligured to provide con-

lent via two protocols. RIMP and RIMPLE. The RIMPILL s

protocol supports encryplion butl does nol scale as well as the
RTMP protocol. Stwdio is concerned that viewers of its
content such as Bob might make vnavthorized copies ot its
movics. While it could exclusively stream ils movies using

RIMPL. Studio could also provide instructions (c.g., vid ils s

owl meta-plaver script) to Boly's client that one out of every
ten video chunks should be obtained via RTMDPE while the
other nine should be obtained via RTMD. In this scenario, the
first video player instance would be conligured o play nine
such chunks in a row, and then hide. while the second video
plaver plays the tenth chunk and then hides. Once the second
plaver instance is finished, the first plaver instance is made
vigible and plays an additional nine video chunks, and so on.

Synchronizing Two Video Streams

A mentioned above, starting 1o play a video chunk can
ineur a non-trivial overhead which may lead to glitches that
vigible to the user. When two plaver instances are used, such
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glitches are minimized when compared 1o a single plaver
instance. In some embodiments, glilches are [urther mini-
mived and in some cases climinated (hrough the use of
synchronization lechnigues.

Example—Using Cue Points

113, 3 illustrales an example ol two video chunks. In the
cxample shown, cach video chunk shares an overlap with its
subsequent chunk by a rime interval referred to herein as the
overlap region. For example, chunk 302 (also denoted
“chunk 1y overlaps with clunk 304 (also denoted “chunk
1#17) by a one sceond Gime Interval (306). The meta-player
seripl is conligured Lo use the overlap region Lo synchronivze
the current and the next video chunk, which are (o be played
by the respective first and second instances of the video
plaver. Once the chunks are synchronized, the meta-plaver
initiates the switch (e.g. instructing the first instance 10

o hide/mute while instructing the second instance (o become

visible/unmule).

In the example shown in PIG. 3. cue point 308 is a
metadata element that contains a timestamp at which the
switching between the two video chunks should occur (also
referred 1o herein as a switching point). In some embodi-
ments (he swilching point corresponds 1o the timestamp of
the first keylrame in the next chunk (e, chunk 304 in the
example shown in FIG. 3). The cue point can be included at
the time the video is encoded, and can also be included by
a lime-stamping device that is downstream ofl the encoder.

1G4 illustrates an example of pseudocode for imple-
menting chunk swilching. When the first player instance
reaches cue point 308, the meta-plaver script begins moni-
toring the difference between the timestamp of the chunk
3025 [rame cwrrently playing and the swilching poinl. When
this dillerence becomes less than a small comstant alpha. the
mela-player instructls (he sccond player inslance o starl
plaving chunk 304. In some embodiments, the meta-plaver
vses the play head time (“pht™) wvariable to monitor the
limestamp ol the [rame currently being played. The alpha
constant caplures the delay between the Gime the play
command is issued and the time it takes for the first frame
of the chunk to actually play.

In some embodiments, to improve the accuracy of the pht
readings, a [itting algorithm such as lincar regression is used
Lo estimale the actual pht value. 111G § illustrales an example
of psendo code for implementing chunk switching. In the
example shown, k pht readings are vsed to compute an
accurdle estimale ol pht (“estphi™).

Similar (o the pseudo code provided in FIG. 4. onee the
first player instance reaches the cue point of chunk 302, the
meta-plaver instructs the second plaver instance to start
plaving chunk 304. The meta-plaver monitors the pht of
chunk 304 for k changes, and uses these k values o compule
a [it for pht. It then uses this it (o estimate the aclual value
of estpht. Next, the meta-plaver instructs the second plaver
instance 1o stop plaving chunk 304 (e.g., to pavse) and wait
vuril the difference between the estimated pht of chunk 304
and the estimated pht of churk 302 is smaller (than a posilive
constant bela, where bela is Lypically cqual with inler-lrame
interval. Further, the meta-plaver continves 1o estimate and
compare the pht of chunk 304 with the estimated pht of
chunk 302. As long as the dillerence is larger than a conslant
delia, where delia is smaller than the inter-lrame inlerval,
chunk 304 is paused lor a very shorl interval ol lime. As
soon as the ditterence becomes smaller than delta, the
meta-plaver completes chunk switching: chunlk 302 is
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stopped and the window controlled by the second plaver
instance. which plays chunk 304, becomes visible.

Example—Fingerprints

In the example shown in LG 3, cue points were added Lo
the chunks by an encoder. Other technigues can also be used
10 assist in svnchronizing 1o video teeds when cue points are
1ot gvailable. For example, a portion of the first video chunk

can be [lingerprinted according 10 one ol the schemes )
)

deseribed below. Once the fingerprint is located in the
second chunk, the svnchronization point can be found by
identifving the offset between the two streams. Techniques
lor identifying the ollset can vary based on faclors such as
which [ingerprint scheme 1s used and whether the swilch is
between chunks having the same or different bit rates.

lingerprint Scheme  Compressed lirame Sives

Typically, the size of a compressed frame is highly
dependent on the video content. One way to implement
(ingerprinting is 10 use a moving window over a sequence ol
N [rames. The lingerprint is delined by the sequence of the
[rame sizes in a given window. Since this method only looks
at the frame sizes, it requires little CTU overhead.

One way 1o compne the offset berween two streams based
on (heir fingerprint s 10 use mean absolule orror or cross-
correlation. While the [irst stream is playing {(c.g. streamed
from CDN 144 in the first plaver instance), the second
stream (e.2. streamed from CDN 146) is started. Once the

new stream has plaved for two seconds, data (e.g., bytes per 2

compressed  frame) 15 collected every 30 ms, lor both
strcams, for 8 sceconds. Alier the dala collection, the mean
absolute error is computed between the two streams starting
with an oftset of zero and then shifted for each sample. The

shift is done with both the first stream and the second stream.

Shilting the second stream lorward handles the case where
the sceond stream is ahead of the first stream. Shilting the
first stream forward handles the case where the first stream
is ahead of the second stream. A minimum overlap of 4
soconds is required between the two streams o compule the
mean absolule crror reliably. In the case where the switeh is
hetween wo dillerent bil rates, cross-corrclation is used
instead of mean absolute error since the scale of the values
is difterent. It the average of the mean absolute errors for all
olTsets normalived by bil rate is loo large. then the measure-
ment is repeated up Lo (hree times. The threshold of “looe
large™ can be set by offline experiments or using an online
learning algorithm. For example, anomaly detection can be
performed over a stored history of values across video

sessions and across clients. The ollset between (he two 3

streams is (the value with the minimum mean absolule error.
Once computed the offser is used 1o compensate for the
delav in starting the re-buftering for actnal playback. One
way Lhis can be done is by estimating the round-trip time Lo

the server and adding this o the offset. IT the stream bullers =

in the middle ol this measurcment. the measurement is
repeated from the start up to three times.

In some embodiments, it the video being fingerprinted is
generated by the same encoder. one can use the hash on cach
compressed [rame as a signature. In this case the ollsel 1s
identified by locating the same trame in the two streams by
comparing the hashes.

Additional lingerprint Schemes

Decompressed frame bit maps can also be used 1o fin-
gerprint video. A hash (e.g., MD35) of the decompressed
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video can also be vsed as signature. In vet another embodi-
ment, the histogram of luminance components {or both
luminance and chrominance component) are used lor [in-
gerprinling. Other statistics ol luminance/chrominance com-
ponents, such as the first order (mean), the second order
{variance), and higher order statistics as the sighature of
cach [rame can also be used.

Additiomal Synchronization Techniques

For Live Content

In the case of live video (e.g., the soccer game), it may not
be possible 1o vse “pause™ 1o syuchronize a stream that is
ghead wilth another stream. In some embodiments. this
situation is remedied by modilying the buller length 1o
improve the switch.

When a new live stream is plaved from a Flash RTMD
server. a buller time value (in seconds) is set at the player
that instruets the player o begin playing the video only aller
it has accumulated buller Gme amount of video. ive
streams start buttering at the current live point. Suppose the

20 eurrent live point is 100 seconds and the utter time is set1o

10 seconds. When a player 1s starled. it will buller video
from lime 100 seconds to time 110 sceonds and (then start
plaving. Live video is downloaded at stream rate and will
thus start plaving roughly 10 seconds behind the source (i.e.,
source will be at 110 seconds when the plaver starts plaving
video at 100 sceonds). I a buller time ol 5 seconds is used
instcad. the player is will play roughly 5 scconds behind the
source, With this property, a large buffer time can be vsed
first to force a stream into “paused” state. At the time it
should be resumed, a smaller buller time is used 1o imme-
diately activale the stream into playing stale, and synchro-
nizalion accuracy is improved.

For Video-On-Demand

In some embodiments, once the offset is tound, the stream
i re-bullered {c.g.. using pause and resume) with a buller
lime ol 30 seconds. A timer is sel [or the ofTsetl value. When
the timer clapses. the bulTer me is sel o a value less (han
the current buffer length. This triggers the video to start
plaving immediately. This is more accurate than setting the
buller time 10 the ollsel value since bursty trallic may causc
the playback 1o start belore or alier the offsel lime.

For Audic

In some embodiments, o make a switch as imperceptible
to a human as possible, the volume of the old stream is
gradually reduced while the audio ol the new stream i
gradually increascd. This climimales popping noiscs that
may happen then the switch is made abruptly.

Multi-Resolution Chunks

As mentioned above. conlent sources can be conligured 1o
store coples of the same content using diflerent sive chunks.
As one example, CDN 142 might slore a complele copy ol
the movie, Robin Hood, in both 30 second and 5 second
chunlks. In selecting which length chunlk should be used, 10
conllicling requirements are al play. On one hand, long
chunks minimize the number of swilches and are generally
preferred by content server software. On the other hand,
shorter chunls allow operations such as “seeld” to be per-
formed more quickly. For example, suppose a user wishes 1o
seek Lo time point 0:26 (twenly six seconds intoe the video).
IT the chunk sixe is 30 sceonds. the user will have Lo wail
vuril all {or virtwally all) of the chunk is downloaded betore
being able 1o seek 1o that point. In contrast, if the chunk size
is 5 seconds, the client can Tetch the chunk that spans lime
0:25-0:30 and seck o point :26 much more quickly. As
another example. smaller chunk sives allow low end-to-end
delay in the context of live streaming and also allow for
taster join operations.
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In variows embodiments, when actions such as seelking
within a video-on-demand stream or starting o watch a live
stream are taken, the mela-player is conligured o request
small chunks {c.g., 5 sccond chunks) and then switch o a
longer chunk (e.g., 30 seconds long) once the streaming
session is successiully underway. In doing so, both fast seeks
and low numbers of swilches can be achieved.

IIG. 6 illustrates an example ol a video stream divided
it chunks of two different sizes. As shown, large chunk
602 contains the same content as chunks 604-612, collec-
tively. Using the techniques herein, when the user performs
a seek operation in the middle of chunk 602, the meta-player
will [irst play the small chunks 3. 4. and 5. When il reaches
the boundary of chunk “b™, the first large chunk, the meta-
plaver will switches 1o chunk “614.”

IIG. 7 illustrates an cmbodiment ol a process Tor sup-
porting [ine granularity operations on a video stream. In
some embodiments the process shown in PIG. 7 is per-
formed by client 180. The process shown in FI1G. 7 can also
be performed by other clients, including clients which use a
single player instance instead of the mulli-instance player
deseribed above.

The process begins at 702 when at least one video chunk
is received at a coarse granularity. For example, at 702,
client 180 requests from CDN 142 the Robin Hood movie,
in chunks of length 30 scconds.

ALT04. a determination is made that an operation is o be
performed at a finer granularity and at 706 the video chunk
having a finer pranularity is requested. One example of such
an operation is a sock operalion. described above. Other
example operations include adjusting a bitrate and swilching
Lo & new source. While these oplions can be performed at the
boundary of the 30 second chunk boundaries, by switching,
10 a 5 second chunk, the actions can be taken more quickly.

Typically, once the processing shown in FIG. 7 1s com- 3

plete. the client will request and revert back 10 receiving
content in larger chunks.

Althovgh  the foregoing embodiments have been
described in some detail for purposes of clarity of under-
standing. (he invention is not limited to the details provided.
There are many allernative ways ol implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive,

What is claimed is:

1. A syslem. comprising:

one or more compuler processors conligured o

receive, from a first source comprising a first node in a
content delivery network, at least one video chunk
associated with a conlent item, wherein the received

al least one video chunk is of a [irst predetermined =

lengih of time. wherein a {irst copy of the conlent
item is stored vsing video chunks of the first prede-
termined length of time, and wherein a second copy
of the content ilem is stored using video chunks of a

sceond predetermined length of time that is different s:

from the first predetermined length of time;

subsequent to recerving the at least one video chunk of
the first predetermined length of time, determine,
based al least in parl on an operation o be per-
lormed, that a video chunk ol the sceond predeter-
mined length of time should be requested;

request at least one video chunk of the second prede-
termined length of time:

perform the operation al least in part by swilching [rom
4 video chunk of the first predetermined length ol
Time to the requested at least one video chunk of the
second predetermined length of tine; and
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subsequent to performing the operation, revert 1o
receiving video chunks of the [lirst predetermined
length of time. wherein the reverling comprises
swilching al a position in (he conlent lem atl which
an end of a video chunk ot the second predetermined
length of time corresponds to a start of a video chunk
of the first predetermined length of time; and

a memory coupled 1o the one or more compuler proces-

sors and conligured 10 provide the one or more com-

puler processors wilh instructions.

2. The svstem of claim 1 wherein the requested at least
one video chunk of the second length of time is also
requested trom the first source.

3. "The system ol claim 1 wherein the requested at least
one video chunk of the second length of time is requested
from a sccond source comprising a sceomd node that is
different from the first node.

4. The system of claim 1 wherein the operation includes

2 adjusting a bitrate,

5. The sysiem ol ¢laim 1 wherein the operation includes
performing a swilch rom the lirst source Lo another source.

6. The svstem of ¢claim 1 wherein the video chunk of the
first length of time includes a same content as a plurality of
chunlks of the second length of time.

7. The system ol claim 1 wherein the operation 1o be
performed comprises seeking (o a lime point in the conlent
item.

8. A method, comprising:

receiving, from a (irst source comprising a [irst node na

content delivery network, al leasl one video chunk
associated with a conlent ilem, wherein the received al
least one video chunk is of a first predetermined length
of time, wherein a first copy of the content item is
stored using video chunks of the [first predetermined
length ol time. and wherein a second copy of the
content item 1s slored using video chunks ol a second
predetermined length of time that is different from the
first predetermined length of time;

subscquent Lo receiving the at Teast ome video chunk of the

first predetermined length of time, delermining, based
at least o part on an operation to be performed and
using one or more computer processors, that a video
chunk of the second predetermined length of time
should be requested;

requesting at Teast one video chunk of the second prede-

termined length of time;

performing the operation at least in part by switching

[rom a video chunk ol the first predetermined length of
time 1o the requested at least one video chunk of the
second predetermined length of time; and

subsequent to performing the operation, reverting to

receiving video chunks of the first predetermined
length of time, wherein the reverling comprises swilch-
ing at & position in the content item al which an end of
a video clmnk of the second predetermined length of
Time corresponds to a start of a video clhunk of the first
predetermined length of time.

9. The method of claim 8 wherein the requested at least
one video chunk of the second length of time is requested
trom the first source.

10. The method of claim 8 wherein the requested at least
one video chunk of the second length of time is requested
from a sccond source comprising a sceomd node that is
dillerent [rom ihe first node.

11. The method of claim 8 wherein the operation includes
adjusting a bitrate,
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12. The method of claim 8 wherein the operation includes
perlorming a switch [rom the first source (o another source.

13. The method ol ¢laim 8 wherein the video chunk ol the
first length of time includes a same content as a plurality of
chunks of the second length of time.

14. The method of claim 8 wherein the operation 1o be
perlormed comprises sceking 1o a time point in the content
ilem.

15. A computer program product embodied in a non-
Transitory computer readable storage medivm and compris-
ing instructions lor:

receiving. from a [first source comprising a (irst node in a

conlent delivery nelwork. at least one video chunk
associated with a content item, wherein the received at
least one video chunk is of a first predetermined length
ol time, wherein a [irst copy of the conlent item is
stored using video chunks ol (he first predetermined
length of time, and wherein a second copy of the
content item is stored using video chunks of a second
predetermined length of tine that is different from the
first predetermined length of time:

[

12

subsequent to recerving the at least one video chunk of the
first predetermined length of time, delermining, based
al least in part on a type ol operation o be performed
and using one or more compuler processors. that a
video chunk of the second predetermined length of time
should be requested;

requesting a1 least one video chunk of the second prede-
termined length ol lime;

perlorming the operation al least in parl by swilching
[rom a video chunk ol the first predetermined length of
time 1o the requested at least one video chunk of the
second predetermined length of time; and

subscquent o performing the operation, reverling 1o
receiving video chunks of the [irst predetermined
length of time, wherein the reverling comprises swilch-
g 4t a position i the content item at which an end of
a video clmnk of the second predetermined length of
time corresponds o a start of a video chunk of the first
predetermined length of time.
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