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Display a first video stream from a first video | -~ 202
streaming source

|

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

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

FIG. 2
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function chunk switchingl() {
if {(chunk{i].switching point -
chunk{i}] .pht < alpha) {
chunki{i] .stop() ;
chunk{i+l].play()

FIG. 4
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function chunk switching2() {
if {chunk{i].cuepoint} {
chunk{i+l} .play{};
}
// estimate pht of chunki{i+I]
wait for chunk[i+l].pht to change k times to compute
chunk[i+l] .est pht;
chunk[i+l] .pause() ;
[/ chunk{i] and chunk[i+1] almost in syno.
if {(chunk{i+l].est_pht - chunk[i].est pht < beta)
// restart chunk[i+1]
chunk[i+1] .xesume () ;
repeat {
// make sure that chunkli] and chunk[i+1] are
really in svnc.
wait for chunk{i+l].pht to change k times to
compute chunk[i+l].est pht;
if {(chunk[i+l].est pht -~ chunk[i].est pht > delta)
/7 chunli+1] is seill a bit ahead of chunfi]
pause chunk{i+l] for one time intexval;
else
// complete the switch
chunk[i] .stop ()

FIG. §
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large chunks

small chunks 1

604_(606_(608“( —6l0 —6i2

seck

FIG. 6
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Receive at least one video chunk ata | ~ 702
coarse granularity

l

Determine that an operationistobe | ~ 704
performed at a finer granularity

l

Request at least one video chunk atthe | ~ 706
finer granularity

FIG. 7
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SWITCHING CONTENT

CROSS REFERENCTETO TR
APPLICATIONS

This application claims priority 1o U.S. Provisional Patent
Application No. 61/210,928 entitled SEAMLESS SWITCH-
ING TOR STREAMING CONTENT filed Mar. 23, 2004,
which is incorporated herein by relerence lor all purposcs.

BACKGROUND OF THE INVENTION

Individuals are increasingly wsing client machines o
access conlent. such as video [iles and live streaming/video-
on-demand content, via the Internet or other networks. Play-
ers tor such content are typically built vsing standard com-
moerelally  available platlorms such as Adobe Mash or
Microsoli Silverlight. In some cases. such as where the client
machine is included in an enterprise environment, or due to
parental or other controls, users are restricted in some of the
actions that they can take with respect 10 the client machines.
Ay one example. users may be prohibiled rom installing
sollware applications [or securily or other policy reasons.
Unfortunately, if the plarform does not natively provide cer-
tain plaver funetionality, 1t can be difficult to provide that
[unctionality withowt requiring the installation of a plugin or
modilying the source ol the conlent.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments ol the invention are disclosed in the
lollowing detailed description and the accompanying draw-
ings.

FIG. 1is anillustration of an environment in which content
is distributed.

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

FIG. 3 illustrates an example of two video chunks.

FIG. 4illustrates an example of pseudo code for implanting
chunk switching.

I'IGr. 5 illustrates an example ol pseudo code lorimplanting
chunk switching.

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

I'IG. 7 illustrales an embodiment of a process [or support-
ing [ine granularity operations on a video stream.

DETAILED DESCRIPTION

The vention can be implemented in numerous ways. s

including as a process; an apparalus; 4 syslem: a composition
of matter; a computer program product embodied o0 a com-
puter readable storage medivm; and/or a processor, such as a
processor conligured (o exeeule instructions stored on andfor

provided by a memory coupled 10 the processor. In this speci- 5

fication, these implementations, or any other form that the
vention may take, mayv be referred to as techniques. In
general, the order of the steps of disclosed processes may be
allered within the scope of the invention. Unless stated oth-
L‘,l"\ViSC, da compnmcnl such as a Processor Or d4 moemory
described as being configured to perform a task may be imple-
mented as a general commponent that is temporarily configured
1o perlorm the task al a given (ime or a speeilic component
that 1s manulactured wo perform the task. As used herein, the
Lerm ‘processor” relers o one or more devices, circuils, andfor
processing cores configured 1o process data, such as computer
Program instruetions.
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A detailed description of one or more embodiments of the
invention is provided below along with accompanying ligures
that illustrate the principles of the invention. The invention is
described in connection with such embodimenis, but the
invention is not limited 1o any embodiment. The scope of the
invention is limited only by the claims and the invention
cncompasscs numerous  allernatives.  modifications  and
cquivalents. Numerous specilic details are set lorth in the
following description in order 1o provide a thorough under-
standing, of the invention. These details are provided for the
purpose of example and the nvention may be practiced
according 1o the claims withoul some or all of these speciliic
details. lor the purpose ol clarity. lechnical material that is
known in the technical fields related to the invention has not
been described in detail so that the invention is not nnneces-
sarily obscured.

1G5, 1 is an llustration ol an environment in which conient
is distributed. In the example shown. clients 170-184 are used
to access content, such as audiovisval content (e.g., movies,

20 songs, television shows, sporting events, games, inages, €1¢. )

that is owned by conlent owners. The conlent is stored {or
caplured) al origin servers 196-198, then distributed via other
servers, caches, content distribution networks (CDNs), prox-
ies, ete. (collectively, “content sources”). Content sources
employ a variety of technologies and include HTTD, Adobe
IMash Media. and Microsoll Intermet Information Service
servers. [n some embodiments content is also distributed by
clients (e.g., vsing peer-to-peer techniques).

Examples ot clients include personal computers (170), lap-
lops (182). cellular phones/personal digital assistanis (178),
and other types ol information appliances (nol shown ) such asg
sel-lop boxes, game consoles. broadband routers, (ile scrvers,
video servers, and digital video recorders, as applicable. The
clients shown are vsed by subscribers 10 various Internet
service providers (I8Ps). For cxample, clients 1700 172, and
174 arc subscribed to 8P1 (122). while clients 176, 178. and
180 arc subscribed 10 8P2 (124). and clients 182 and 184 are
subscribed to SP3 (124).

In the example shown, a movie studic (“Studio™) has con-
tracled with content distributor 142 (o provide downloadable
copics olits [lms in exchange for a [ee. Similarly, a lelevision
network (“XYZ™) has contracted with content distributors
142-148 w provide viewers with access to live streams of'its
broadcasts as well as streams ot television show episodes and
sporling evenls. In some cases. the content distributor is
owned/operaled by the content owner.

Content distributor 142 has a data center that is provided
with nerwork access by backbone ISP 132, Though repre-
sented here by a single node (also relerred (o herein as a
“CION node™). content distribulor 142 may typically have
mulliple dala centers (notl shown) and may make use ol mul-
tiple backbone or other ISPs. Content distributor 144 has a
data center that is provided with network access by backbone
ISP 134,

Suppose a user ol client 172 (hereinafler “Alice™) would
like 10 watch a live soccer game owned by XYZ. Client 172
includes a web browser application. Alice uses the web
browser application to navigate to a portal owned by XYZ,
such as “hilpiixyvivnetwork.comilivegames.” [ler request
for the game is directed o a CION node that is closest 1o her.
Inthis case, CDN 146 is the tewest hops away from her client.
Her client then begins streaming the content from CDN 146,
which is in tum rendered in her browser {(e.g.. via a lilash or
Silverlight player).

In addition o CION 146, Alicc’s client is also in commu-
nication with content distribution coordinator 102, Content
distribution coordinator 102 periodically exchanges informa-
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tion with clients using messages referred 1o herein as heart-
heat messages. Content distribution coordinator 102 provides
instructions (o clients that indicate the node(s) [rom which
they should obtain the appropriate stream data {(andfor as
applicable the node(s) 1o which they should send stream
data). Clients send content distribution coordinator 102 intor-
mation such as current CPU load, available storage. and geo-
graphic location of the client. Clients can also send stalus
ntormation that describes the quality of the vser experience,
such as the length of time it takes tor the soccer game video to
start playving, the number of buffering events (i’ any), the
length ol bullering events, and the number ol [rames per
socond rendered by the video player. Content distribution
center 102 vses the received information to maintain a global
and vp-to-date view of various portions of the environment
shown in II(. 1.

As other users of clients 170-184 request content, their
respective players similarly oblain conlent [rom content
sources such as CDN 144 and also communicate with content
distribution coordinator 102, Such plavers may be browser-
based as with Alice’s. or they may be standalone applications.
as applicable. Content distribution coordinator 102 collects
and processes the information recerved from Alice's client
along with other clients. The collected information can be
used to detect and remedy problems in the content distribu-
tion. Lixamples of such problems include excessive bullering.
[reering. and frame skipping.

In the example shown in FIG. 1, a single content distribu-
tion coordinator 102 is used. Portions of content distribution

coordinator 102 may be provided by and/or replicaled across 3

various other modules or infrastruclure depending.  lor
example, on factors such as scalability and availability (re-
ducing, the likelihood of having a single point of failure), and
the techniques described herein may be adapted accordingly.

In some embodimenis content distribution coordinator 102 s 3

implemented across a sel of machines distributed among
soveral dala centers. A Resilicnce Service [ayer (RS1) can
also be used 1o ensure that the monitoring service is 0ot
disrupted when/if'a subset of machines tail or a subser of data
centers hosting the content distribution monitor are discon-
nected from the Internet.

Switching Content

Alice’s client (172) is initially assigned CDN 146 as a
source of the soccer game. However, as the game progresses,
content distribution coordinator 102 may instruct client 172
Lo change the source [rom C1IN 146 o adiflerent source. One
reason that client 172 could be so instructed is it the content
distribution monitor determines that excessive congestion 1s
vccurring with respect to CIIN 146. while CIIN 148 has spare

handwidth. In thal case, content disiribulion coordinator 102 5

would instruct client 172 10 oblain the game [rom CDN 148,
Asanother example, client 172 can be instructed to switeh for
cost reasons. For example, client 172 can be instructed to
swilch [rom CIN 146 (which delivers content via RIMP) (o

CION 148 (which delivers content via ITUTP). Client 172 can s

also be instructed to switch trom CDN 146 to client 184 as a
source of content if client 184 is configured to act as a peerand
nses a peer-fo-peer protocol to ranster content.

Instead of or in addition (o assigning new conlent sources.
content distribution coordinator 102 can also instruet clients
10 switch between different content streams provided by the
same source. As one example, suppose a vser of client 180
(hereinalier *Bob™) initially letches a movie [rom CDN 142,
in high qualily. al a bitrale of 1 Mbps. As 13ob walches the
movic. the quality olhis viewing expericnee degrades (e.g..
due 1o other vsers of his DSL connection also watching mov-
ies or due to his CPU being overloaded). Content distribution

[
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coordinator 102 is configured to instruct client 180 1o switch
from the higher quality video (o a lower quality video (e, al
abitrate o[ 300 kbps). Asanother example, Alice may initially
receive a low qualily video leed of the game and then be
instructed to switch to a higher quality feed (either on the
same CDN or a ditterent CDN) once it is determined that
client 172 1s able o maintain the higher quality feed.

In various embodiments. rather than instructing clients 1o
switch sources, content distribution coordinator 102 is con-

;3 figured to provide clients with recommendations and the cli-

ents include logic 1o make an ultimate decision of whether 1o
swilch.

As will be explained in more detail below, using the tech-
niques described herein, when a client switches from one
video feed to another, the ability of a user of the client 10
perecive the swilch s minimived and in some cases nol
presenl.

Player Architeeture

Client 172 is a typical commodity desktop computer run-

20 ning the Windows 7 operating system and, as explained

above. has a web browser application installed. Also installed
on client 172 is the Adobe llash platlorm. which includes a
video plaver. Other platforms can also be installed on clients
{such as Microsott Silverlight) and the techniques described
herein adapted 10 work with them, as applicable.

The video player supporls a scripling language (e,
ActionSeript for Mlash. and C8 [or Silverlight) which allows
developers to write programs that control the behavior of
instances of the video player, such as instructing the video
player o play a particular siream (c.g.. provided by CION
1467, lo pause or resume playing 4 stream. and (o control the
audio level of the stream.

When Alice directs her browser to the video portal pro-
vided by XYZ, a seript (1o control the video plaver) is
dynamically, transparently downloaded, meaning (hat Alice
i not prompled o approve or install the seripl. The seriplis a
mela-player thal comtrols the underlying Lilash (or Silverlighty
plaver.

Switching Between Two Video Streams

As mentioned above, when Alice first indicates interest in
walching the soceer game (e.g.. by sclecting a “walch now™
button provided by the portal), client 172 is directed to stream
the content from CDN 146. Content is delivered to Alice as a
series of 30 second video chunks. Content sources store the
video chunks (which have associaled chunk identifiers), and
in some cases store multiple copies of the content {e.g.,
encoded with various bitrates and/or as chunks of different
sizes). The meta-plaver instructs an instance of the video
player o play the chunks ome by one.

IT a problem is delecled in the playback (c.g. due o a
change in a network condition or CPU overuse), the meta-
plaver is confipured to retrieve the content (e.g., based on
chunlk identifiers) from another source, or 1o choose a difter-
enl quality stream from the same source, as applicable. In
some embodiments the meta-player switches content sources
based on an instruction provided by content distribution coor-
dinator 102, In other embodiments, the meta-plaver includes
logic that allows it to participate in the switching decision.

Stlarting (o play a video chunk from a new source in the
video player will likely involve a nom-trivial overhead. such
as plaver initialization, establishing a connection 1o the
source, and filling a plaver butter. Accordingly, it the content
meta-player is conligured 1o display the soceer game using a
single instance of the Mash video player, 1t is possible thal
Alice will see a polentially lengthy glitch during the time it
takes the plaver to switch video chunk sources. In some
embodiments, such glitches are prevented from being per-
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5
ceived by Alice through the use of two (or more) instances of
the video player  one ol which is shown o Alice. and onc ol
which is hidden [rom Alice’s view al any given lime.

I'IGr. 2 illustrates an embodiment of a process Tor display-
g video on a video display device, Insome embodiments the
process shown in FIG. 2 is performed by client 172, The
process beging al 202 when a [irst video stream [rom a (st
video streaming source is displayed. As one example. al 202,
video chunks of the soccer pame are received by client 172
and sequentially rendered by Alice’s video plaver.

At 204, a second video stream from a second video stream-
ing source is processed on the display device, bul nol dis-
played. As one example of the processing performoed al 204,
suppose that after rendering several chunks of the soceer
game for Alice, content distribution coordinator 102 deter-
mines that it would be less expensive 1o deliver the game Lo
Alice via C1ON 148 than (o continue delivering it via CDN
146. AL 204, the meta-player seripl begins letching chunks ol
the soccer game 10 a second instance of the video plaver. Both
plavers are configured 1o display the video game in the same
region ol Alice’s screen. [ owever, al any given lime, only one
player will display video in that region. Initially. the first
stance of the plaver continues 1o display the soccer pame,
while the second plaver establishes a connection to CDN 148
and begins fetching video chunks of'its own.

AL 206, the (irst video stream ceases being displayed and
the second video stream 1s inslead displayed. lor example, at
206, at an appropriate tine, the meta-player script instructs
the first instance of'the player 1o hide (and mute its andio) and

instructs the second mstance of the player o become visible 3

(and unmuie its audio). In this scenario, the (irst instance of
the player is sircaming conlent using one protlocol (RTMP)
and the second instance of the plaver is streaming content
using a second protocol (HTTD). As another example of the

lwo streams using Lwo dillerent protocols. suppose CION 142 3

is configured Lo provide conlent via lwo protocols. RIMP and
RIMPL. The RIMPIL protocol supports eneryption bul docs
1ot scale as well as the RTMD protocol. Studio is concerned
that viewers of its content such as Bob might imake vnautho-
rized copies of its movies. While it could exclusively sircam
its movies using RIMPLL Studio could also provide instruc-
Tions (.., via its own meta-plaver script) to Bob's client that
one out of every ten video chunlks should be obtained via
RTMPE while the other nine should be obtained via RTMD. In
this scenario. the first video player instance would be conlig-
ured to 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 visible and plays an additional nine video
chunks, and so on.

Synechroniving Two Video Streams

Ag mentioned above, starting to play a video chunk can
ineur a non-trivial overhead which may lead to glitches that
vigible o the user. When two player instances are used, such

glitches are minimived when compared Lo a single player s

stance. In some embodiments, glitches are further mini-
mized and in some cases eliminated through the use of svo-
chronization techniques.

Ixample  Using Cue Poinlts

I'IG 3 illusirates an example of two video chunks. In the
example shown, each video chunk shares an overlap with its
subsequent chunk by a time interval referred 1o herein as the
overlap region. For example, chunk 302 {also denoted “chunk
1™y overlaps with chunk 304 {also denoted “chunk i+17) by a
one second lime inlerval (306). The meta-player seripl 1s
configured 10 vse the overlap region 10 synchronize the cur-
rent and the next video chunk, which are to be plaved by the
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respective first and second instances of'the video plaver. Once
the chunks are synchronized, the meta-player initiates the
swilch (e.g. instructing the first instance o hide/mute while
instructing the second instance o become visible/unmule).

Inthe example shownin FIG. 3, cue point 308 is a metadata
element that contains a tinestamp at which the switching
between the two video chunks should oceur (also relerred 1o
herein as a swilching point). In some embodiments the
switching point corresponds to the timestamp of the first
kevirame in the next chunk (e.g., chunk 304 in the example
shownin FIG. 3). The cue point can be incluided at the time the
video 1s encoded, and can also be included by a time-stamp-
ing device that is downstream ol the encoder.

FIG. 4 illustrates an example of psendocode for imple-
menting chunk switching. When the first plaver instance
reaches cue point 308. the meta-player seripl beging monitor-
ing the dilTerence between the imestamp of the chunk 3027
frame currenily playing and the switching point. When this
difference becomes less than a small constant alpha, the meta-

20 plaver nstruets the second plaver instance to start plaving

chunk 304, In some embodiments, the mela-player uses the
play head time (“pht™) variable to monitor the timestamp ol
the trame currently being plaved. The alpha constant captures
the delay between the time the play command is issved and
the time it takes for the first frame of the chunk 10 actally
play.

In some cmbodiments. o improve the accuracy ol the phi
readings, a fiting algorithin such as linear regression is vsed
to estimate the actual pht valve. FIG. 5 illustrates an example
ol pseudoe code lor implementing chunk switching. In the
example shown, k pht readings are used o compule an accu-
rale estimale of pht (“est_ph(”).

Similarto the pseudo code provided in FIG. 4, once the first
plaver instance reaches the cue point of chunk 302, the meta-
player instructs the sceond player instance (o starl playing
chunk 304, The meta-player monitors the phtolchunk 304 [or
k changes. and uses these k values to compute a (it lor pht. I
then vses this fit to estimate the actual value of est_pht. Next,
the meta-plaver instructs the second player instance 1o stop
playing chunk 304 (c.g., 1o pausc) and wail until the diller-
cnee belween the estimated pht ol chunk 304 and the esti-
mated pht of chunk 302 is smaller than a positive constant
beta, where heta is typically equal with inter-frame interval.
Further, the meta-plaver continues 1o estimate and compare
the pht ol chunk 304 with the cstimated pht ol chunk 302. As
long as the dilference 1s larger than a conslant della. where
delta is smaller than the inter-frame interval, chunk 304 is
paused for a very short interval of time. As soon as the dif-
ference becomes smaller than delia, the meta-player com-
pletes chunk switching: chunk 302 is stopped and the window
controlled by the sceond player instance. which plays chunk
304, becomes visible,

Example—Fingerprints

In the example shown in LG 3, cue points were added 1o
the chunks by an encoder. Other technigues can also be used
to assist in synchronizing to video feeds when cue points are
not available. For example, a portion of the first video chunk
can be fingerprinted according to one of the schemes
desceribed below. Onee the lingerprint is located in the second
chunk, the synchronization point can be found by identilying
the otfser between the two streams. Techniques for identify-
ing the offset can vary based on factors such as which finger-
print scheme is used and whether the swilch is belween
chunks having the same or dillTerent bil rates.

Iingerprint Scheme  Compressed Prame Sizes

Twpically, the size of a compressed frame is highly depen-
dent on the video content. One way to implement fingerprint-
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g is o vse a moving window over a sequence of N frames.
The fingerprint is defined by the sequence of the lrame sizes
in a given window. 8ince this method only looks at the frame
slvus. it requires litille CPU overhead.

One way to compute the offset between two streams based
on their fingerprint 1s 10 use mean absolute error or cross-
correlation. While the [irst stream is playing {c.g. streamed
[rom C1ON 144 in the first player instance). the second stream
(e.g. streamed trom CDN 146} is started. Once the new stream
has plaved for two seconds, data (e.g., bvtes per compressed
frame) is collected every 30 ms, for both streams, for 8 sec-
onds. Alter the data collection. (he mean absolule crror 1s
computed belween the two streams starling with an ollset of
zero and then shifted for each sample. The shitt is done with
both the first stream and the second stream. Shitting the
socond stream [orward handles the case where the sceond
stream s ghead ol the (irst stream. Shifling the [irst sirecam
lorward handles (he case where the [irststream is ahead ol the
second stream. A minimum overlap of 4 seconds 1s required
between the two streams 1o compute the mean absolute error
reliably. In the case where the switch is between two different
hil rates, cross-correlation is used insicad of mean absolule
error since the scale ot the values is different. It the sverage of
the mean absolute errors for all offsets normalized by bir rate
is too large, then the measurement is repeated vp 10 three
times. The threshold of “loo large™ can be set by offline
experiments or using an online learning algorithm. lior
example, anomaly detection can be performed over a stored
history of values across video sessions and across clients. The
olTsel between the two streams 1s (he value with the minimum
mean absolule crror. Once compuled the olTset is used Lo
compensale [orthe delay in starting the re-bullering [or actual
plavback. One way this can be done is by estimating the
round-trip time to the server and adding this to the offset, If

the sircam buffers in the middle ol this measurement. the 3

measurement is repeated Trom the start up (o three times.

In some embodiments. il the video being lingerprinted is
generated by the same encoder, one can use the hash on each
compressed frame as a sighature. In this case the offset is
identified by localing the same [rame in the two streams by
comparing the hashes.

Additional Fingerprint Schemes

Decompressed frame bit maps can also be vsed 1o finger-
print video. A hash (e.g., MD35) of the decompressed video
can also be used as signature. [n yel another embodiment, the
histogram of Tuminance components {or both luminance and
chrominance component) are used for fingerprinting. Other
statistics of luminance/chrominance components, such as the
first order (mean), the sceond order (variance), and higher

order statistics as the signaturc olcach [rame canalsobeused. s

Additional Synchronization lechnigues

For Live Content

In the case of live video (e.g., the soccer game), it may not
he possible (o use “pause™ Lo synchronize a stream thal is

ahcad wilh another stream. In some embodiments, this silu- 3

ation is remedied by moditving the butter length to improve
the switch.

When a new live stream is plaved from a Flash RTMD
server. a buller time value (in seconds) is sel al the player that
instructs the player 1o begin playing the video only aller it has
accumulated butfer time amount of video. Live streams start
butfering at the current live point. Suppose the current live
point is 100 scconds and the bulTer time is sel 1o 10 sceonds.
When a player is started. i will buller video [rom Gime 100
sccomds 10 lime 110 seconds and (hen start playing. Live
video is downloaded at stream rate and will thus start playing
roughly 10 seconds behind the source (1.e., source will be at
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110 seconds when the plaver starts plaving video at 100
sceonds). I a buller time ol 5 scconds is used instead, the
player is will play roughly 5 seconds behind the source. With
this property, a large buller time can be used lirst (o loree a
stream into “pansed™ state. At the time it should be resumed,
a smaller butfer time is vsed 10 Lumediately activate the
stream inte playing stale, and synchronization accuracy is
improved.

For Video-On-Demand

In some embodiments, once the offset is found, the stream
is re-buttered (e.2., using pavse and resume) with a buffer
lime ol 30 scconds. A timer is set [or the oflset value. When
the timer elapses, the buller Lime is sel Lo a value less than the
current butter length. This tripgers the video to start plaving
immediately. This is more accurate than setting the buffer
lime o the offsel value since bursty traflic may cause the
playback (o start belore or aller the oflsel time.

I'or Audio

In some embodiments, o make a switch as imperceptible

20 0 a human as possible, the volume of the old stream is

gradually reduced while the audio ol the new stream is gradu-
ally increased. This eliminales popping noiscs that may hap-
pen then the switch is made abruptly.

Multi-Resolution Chunks

As mentioned above, content sources can be configured 1o
store coples ol the same content using dillerent sive chunks.
As one example. CDN 142 might store a complete copy of the
movie, Robin Hood, in both 30 second and 5 second chunks.
In selecting which lengath chunk should be used, 1o conflicting
requirements are al play. On one hand. long chunks minimive
the number olswitches and are generally prelerred by conlent
server sollware. On the other hand, shorter chunks allow
operations such as “seel’” 10 be pertormed more quickly. For
example, suppose a user wishes to seek to time point 0:26
{lwenly six sceonds into the video). I the chunk sive 1s 30
seconds. the user will have (o wail until all {or virtually ally ol
the chunk is downloaded belore being able Lo seek o thal
point. In contrast, it the chunk size is 5 seconds, the client can
tetch the chunk that spans time 0:25-0:30 and seek 1o point
0:26 much more quickly. As another example, smaller chunk
sizes allow low end-lo-end delay in the context of Tive stream-
ing and also allow for faster join operations.

In various embodiments, when actions such as seeking
within a video-on-demand stream or starting 1o watch a live
stream are laken, the meta-player s conligured o request
small chunks (c.g.. 5 second chunks) and then swilch to a
longer chunk (e.g., 30 seconds long) once the streaming ses-
sion 1s successiully vnderway. Indoing so, both fast seels and
low numbers of switches can be achieved.

1G5, 6 illustrates an example of a video stream divided inlo
chunks ol two dillerent sives. As shown. large chunk 602
contains the same content as chunks 604-612, collectively.
Using the techniques herein, when the user performs a seek
operation in the middle of chunk 602. the meta-player will
first play (he small chunks 3, 4, and 5. When it reaches the
boundary of chunk “b", the first large chunk, the meta-player
will switches to chunl “614.”

FIG. 7 illustrates an embodiment of a process for support-
ing fine granularity operations on a video stream. [n some
cmbodiments the process shown in UG, 7 is perlormed by
client 180. The process shownin FIG. 7 can also be pertformed
by other clients, including, clients which use a single player
instance instead ol the multi-instance player deseribed above.

The process beging al 702 when at least one video chunk is
received al a coarse granularity. For example. at 702, client
180 requests trom CDN 142 the Robin Hood movie, in
chunks of length 30 seconds.
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At 704, a determination is made that an operation is 10 be
perlormed al a (ner granularity and al 706 the video chunk
having a (ner granularity is requested. One example ol such
an operalion is a scek operation, described above. Other
example operations include adjusting a bitrate and switching
10 a new source, While these options can be performed at the
boundary ot the 30 second chunk boundaries, by switching to
4 3 second chunk. the actions can be taken more quickly.

Typically, once the processing shown in 1. 7 1s complete.
the client will request and revert back Lo receiving conlent in
larger chunks.

Although the foregoing embodiments have been described
i some detail for purposes of ¢larity of understanding, the
invention is nol limited 1o the details provided. There are
many allernative ways o implementing the invention. The
disclosed embodiments are lustrative and not resiriciive.

What is claimed is:
1. A system for displaving video on a video display device,
comprising:
4 processor conligured wo:
display a [irst video stream from a first video streaming
souree on the display device, wherein the first video
stream i3 displaved by a first instance of a video
plaver;
process @ sceond video siream from 2 sccond video
streaming source on the display device. wherein the
first and second video streams are associaled with a
same content, and wherein the second video stream 1s
processed at least in part by a second instance of the
video plaver that is caused to be hidden while the first
instance of the video player is displaying the first
video stream;
determine a time ollsel between the first video sirecam
and the second video stream, wherein the time offset
is determined at least in part by matching a signature
in the first and second video streams, and wherein the
signalure is based al least in part om a decompressed
[rame bitmap;
cause the first instance of the video plaver to cease
displaving the first video stream; and
cause the second instance of the video plaver to become
vizible and audible, and 10 display the sccond video
strcam, wherein the sceond instance ol the video
plaver is configured 1o display the second video
stream 1n a region of a screen that is the same as a
region in which the (st instance of the video player
displayed the first video stream: and
amemory coupled (o the processor and conligured Lo pro-
vide the processor with instructions.
2. The system of claim 1 wherein the display of the second
video stream is adjusied according 1o the time ofTsel o reduce

any perecived discontinuity that might result rom swilching s

from the first video stream to the second video stream.

3. The system of claim 1 wherein the first video stream is a
live video stream and wherein the processor is configured to
process the second video stream by adjusting a buller length.

4. The system ol claim 1 wherein the (irst video stream is a
video-on-demand video stream and wherein the processor is
configured to process the second video stream by performing
a serics of pause and resume actions.

5. The system of claim 1 wherein the first video stream is
received via a (irst protocol and wherein the second video
stream is received via a second protocol and wherein the first
and second protocols are different.
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6. The system of claim 1 wherein one of the first video
stream and second video stream is unenerypled and wherein
the other of the st video stream and sceond video stream is
cnerypled.
7. The svstem of'claim 1 wherein the first video stream and
second video stream are both provided by a single network
node.
8. The system ol'claim 1 wherein the [irst video stream and
second video stream are respectively provided by two differ-
ent networl nodes.
9. The system of claim 1 wherein the first video stream is
streamed al a {irst bitrate and the second video stream is
streamed al a sceond bitrale and wherein the [irst and the
second bitrate are different.
10. A method for displaving video on a video display
device, comprising:
displaying a first video stream [rom a first video streaming
source on the display device, wherein the first video
stream is displaved by a first instance of a video plaver;

processing a second video stream trom a second video
streaming source on the display device, wherein the first
and second video streams are associaled with a same
content, and wherein the second video stream is pro-
cessed at least in part by a second instance of the video
plaver that is caused to be hidden while the first instance
ol the video player is displaying the first video stream;

determining a time offsel between the [irst video stream
and the second video stream, wherein the time otfset is
determined at least in part by matching a signature in the
first and sceond video streams, and wherein the signa-
lure is based al least in part on a decompressed [rame
bitmap:

causing the first instance of the video plaver to cease dis-

plaving the first video stream; and

causing the second instance of the video player (0 become

visible and audible. and to display the sccond video
stream, wherein the sceond instance of the video player
is configured to display the second video stream in a
region of a screen that is the same as a region in which
the 1irst instance of the video player displayed the first
video stream.

11. The method of claim 10 wherein the display of the
second video stream is adjusted according to the tine offset 1o
reduce any perceived discontinuvity that might result from
swilching from the [irst video stream Lo the second video
sirearm.

12, The method ot claim 10 wherein the first video stream
is a live video stream and wherein processing the second
video stream includes adjusting a buller length.

13. The method of claim 10 wherein the first video stream
i a video-on-demand video stream and wherein processing
the second video stream includes performing a series of pavse
and resume actions.

14. The method of claim 10 wherein the first video stream
is received via a [irst prolocol and wherein the seeond video
stream is received via a second protocol and wherein the first
and second protocols are different.

15. The method of claim 10 wherein one of the first video
stream and second video stream is unenerypled and wherein
the other of the st video stream and sceond video stream is
encrypted.

16. The method ot claim 10 wherein the first video stream
and sceond video stream are both provided by a single net-
work node.

17. The method of claim 10 wherein the first video stream
and second video stream are respectively provided by two
different network nodes.
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18. The method of claim 10 wherein the first video stream
is streamod at a first bitrate and the second video stream is
streamed al a second bitrate and wherein the first and the
socond bitrate are dillerent.
19. A computer program product for displaving video on a
video display device, the computer program product being
embodied in a non-transitory compuler readable slorage
medium and comprising compuler instructions [or:
displaving a first video stream trom a first video streaming
source o the display device, wherein the first video
stream is displaved by a first instance of a video plaver;

processing a sceond video stream [rom a second video
streaming source om the display device. wherein the first
and second video streams are associated with a same
content, and wherein the second video stream is pro-
cessed at Teast in part by a sceond instance ol the video
player that is caused 1o be hidden while the first instance
ol the video player is displaying the first video stream:

determining a time offset between the first video stream
and the second video stream, wherein the time offset is
determined al least in part by matching a signature in the
first and second video streams. and wherein the signa-
ture is based at least in part on a decompressed trame
bitmap;

cavsing the first instance of the video plaver to cease dis-

playing the first video stream; and

causing the second instance ol the video player 1o become

visible and audible, and to display the second video

12

strean, wherein the second instance of the video player
is configured to display the sceond video stream in a
region ol a screen thal is the same as a region in which
the 1irst instance of the video player displayed the first
video stream.

20. The computer program produet of claim 19 wherein the
display of the second video stream 1s adjusted according 1o
the time olTset 10 reduce any perecived discontinuity thal
might result from switching from the first video stream to the
second video stream.

21. The computer program produet of claim 19 wherein the
[irst video stream is a live video stream and wherein process-
ing ithe second video stream includes adjusting a buller
length.

22, The computer program produet of claim 19 wherein the
first video stream is a video-on-demand video stream and
wherein processing the sceond video stream includes per-
forming a serics ol pause and resume actions.

23, The computer program produet of claim 19 wherein the
first video stream is received via a first protocol and wherein
the second video stream is received via asceond protlocol and
wherein (he (irst and sceond protocols are dilferent.

24, The computer program produet of claim 19 wherein the
first video strean is streamed at a first bitrate and the second
video stream is streamed at a second bitrate and wherein the
first and the second bitrale are different.
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