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(57) ABSTRACT

Delivering a video stream 15 disclosed. A request [or the
video stream is recerved. A past portion of the video stream
is delivered to a client. The past portion has a marker time
that precedes a current time by an inlerval thal corresponds
Lo a bufler length in a elient buller. Receiving a video stream
is also disclosed. A request for the video stream is transmit-
ted. A past portion of the video stream is received. The
received past portion has a marker tine that precedes a
current lime by an interval thal corresponds o a buller
lengih in a client buller.

19 Claims, 8 Drawing Sheets
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DELIVERING A VIDEO STREAM

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
patent application Ser. No. 14/097.000, entitled DELIVER-
ING A VIDIHO STREAM fled Dee. 4. 2013 which is a
continuation of ULS. patent application Ser. No. 13/546.983.
now LS. Pat. No. 8,626,941, entitled DELIVERING A
VIDEO STREAM filed Jul. 11, 2012, which is a continua-
tion of U8, patent application Ser. No. 12/4534,563, now
LL8. Pat. No. 8.244.899, catitled DELIVERING A VIDEO
STRIEAM [filed May 19, 2009, All of the alorementioned
applications are incorporated herein by reference for all
purposes.

BACKGROUND O TTIE INVENTION

Typically, viewers of streaming content, such as a sport-
g event teed, wish to view the content in as high a quality
as possible. lor example, viewers do not want the video
stream Lo [reeze or skip [rames. Such viewers (ypically also
wish the video stream to start plaving as quicldy as possible.
For example, viewers do not want to wait several seconds
lor a video leed o appear in a player window alier having
decided 1o walch the feed. And, simultancous viewers of the
same [eed may desire (hat the respective videos they walch
are synchronized with those of other viewers, Tnfortunately,
these goals are in contlict. For example, one way 1o inprove
the quality of a video stream is Tor a client (o make use of
a large buller. As packets are recelved. the elient inserts them
al the end of the buller and plays packets at the Tront of the
buffer. A large buffer gives the client more time to recover

from oceasional network congestions, or even from server

[ailure. However, a large buller takes longer o G11. resulting
in a correspondingly longer startup lime.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
lollowing detailed descriptiom and the accompanying draw-
ings.

FIG. 1 illustrates an example of an environment in which
video is streamed.

IIG. 2 illustrates an example of an cmbodiment of a
client.

FIG. 3 illustrates an example of an embodiment of a
butfer.

I'IG 4 illustrates an example of an environment in which 5

video is distributed.

FIG. § illustrates an example of a process for delivering
a video stream.

I'IGr. 6 lusirales an example of a process [or receiving a
video stream.

IIG. 7 illustrates an embodiment of an environment in
which video is streamed.

FIG. 8 illustrates an example of a process for coordinating
the assignment ol parents.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways.
including as a process: an apparalus: a syslem: a composi-
tion ol matler: a compuler program product embodied on a
computer readable storage medivm; and/or a processor, such
as a processor configured to execute wmstructions stored on
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and/or provided by a memory coupled 1o the processor. In
this speeilication. these implementations, or any other lorm
that the invention may lake. may be referred o as wech-
nigucs. In general, the order ol the sleps ol disclosed
processes may be altered within the scope of the invention.
Unless stated otherwise, a component such as a processor or
a memory described as being configured to perform a task
may be implemented as a general component thal is lem-
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 term “processor” refers 1o 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-
ures that illustrale the principles of the invention. "The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.

2 The scope of the invention is limited only by the claims and

the invention encompasses numerous allernatives, modili-
calions and equivalents. Numerous specilic details are sel
forth in the following description in order to provide a
thorough vnderstanding of the invention. These details are
provided for the purpose of example and the invention may
be practiced according (o the claims withoul some or all of
these speeilic details. or the purpose ol clarity, technical
material that is known in the technical fields related to the
invention has not been described in detail so that the
invention is not unnecessarily obscured.

1G5, 1 illusirates an example ol an environment in which
video is streamed. Source 102 distribules video (o clients
such as nodes 104-114 via one or more networks represented
herein as a single network cloud 118. In the example shown,
the video being distributed is a live sporting evenl. such ag
4 [vothall game. caplured by camera 1200 and encoded by
cncoder 122, In various cmbodiments. other video sources
are distributed and the techniques herein adapted accord-
ingly. For example, in addition 1o live events, source 102 can
be conligured 1o distribute continuous leeds such as sceurily
camoera dala and also feeds of prerecorded content such ag
for a television network channel.

Camers 120, encoder 122, and source 102 may be collo-
cated on a single plattorm, or may be physically separate, as
applicable. Additionally, In some embodiments camera 120
and/or encoder 122 are under the control of a dillerent entity
than source 102, In addition to source 102, other nodes, such
as traditional content distribution network (CDIN) nodes are
used 1o distribute conlent in various embodiments.

Network cloud 118 includes the Internet and assorled
intranets. lior example, clients 104 and 108 arc both nodes
ol the same corporate network and are both also connected
to source 102 via the Internet.

Clients 106-112 are typical consumer-oriented compulers
and include components such as a storage drive, RAM. and
ole or more processors. As described in more detail below,
client 104 {also referred to herein as a “boost node™) has a
reliable, high speed connection to network 118 and also has
considerable compuling resources such as mulliple Tast
processors and a large amount ol memory. In contrast, client
110 has a slower connection to network 118 and limited
memaory. Client 114 is a handheld device, such as a web-
cnabled cellular phone. Other examples ol clients (not
shown) such as personal digital assistants, scl-lop boxes,
game consoles, broadband roulers. and digital video record-
ers may also be used in conjunction with the techniques
described herein as applicable.



Us 9,813,475 B1

3

FIG. 2 illustrates an example of an embodiment of a
client. In the example shown. client 110 includes a commu-
nication inlerlace 202 that 15 used by client 110 o commu-
nicate with other devices/syslems thal are accessible via
network cloud 118, For example, client 110 receives video
packets from clients 106 and 104 via communication inter-
[ace 202, Client 110 also transmils video packets o client
12 via communication interlace 202, Buller 206 holds
video information. Whenever client 110 performs a task
(such as requesting a portion of a video stream), either a
single component or a subset of components or all compo-
nents client 110 may cooperale 1o perlomm the Gask.

In the example ol FIG. 1, elient 104 has installed on it an
application that facilitates the streaming of video content.
The application is configured to receive content from source
102 (andior from ome or more other clients) and o redis-
tribule the content o other nodes using peer-lo-peer lech-
niques. When client 104 is distributing video content Lo
other clients, it is also reterred 1o herein acting as a “parent”™
10 those other clients. As vsed herein, “parent” denotes any
node that sends data (o another node and is applicable
irrespective ol whether troe-based protocols (in which a
parent is defined with respect 10 an enfire (sub)stream) or
swarming, protocols (in which a parent is defined with
respect 10 g small granularity data unit such as a data packet
or hlock) arc used 1o distribule the sircam data. Source 102
is also a parent for clients 106, 104, and 108. Client 114 also
has an application installed on it to facilitate the streaming
of video, but 1t is not configured to redistribute the content.

Client 110 does not have a dedicated video streaming 3

application installed. Instead. client 110 has installed on it a
typical commercially available web browser application
such  as  MICROSOFT INTERNET EXPLORER,
MOZILLA FIREFOX, or APPLE SAFARI. Client 110

strecams video contenl and redistribules it 1o other clienls via 3

browser applicalion 204 in conjunclion with a JAVA applel.
ADOBLE FLASIT content, SIIVERLIGHT component or
similar technology.

FIG. 3 illustrates an example of an embodiment of a
buller. Suppose a user ol client 110 (hercinaller relerred Lo
as “Alice™) 1s currenlly viewing a live basketball game with
client 110. Butter 206 is a first-in-first-out butter of size 302
{e.2., 30 seconds) and stores video data received from source
102 {and/or parent nodes such as node 106) by client 110. As
client 110 receives packets. they are inserted at the end ol the
buller (310). The packets al the beginning ol (the buller (304)
are plaved by a video plaver. In the example shown, butter
206 1s approximately 83% full of video data, as indicated by
region 308.

When a client begins receiving a video stream. the client s

requests a portion of the video that is | soconds behind the
live event, where T is the maximum size of the butter.
Accordingly, the maximum size of the buffer dictates by
how much the video being played 0 a user of a client is

hehind the live event. lor example, il the maximum size ol 3

the butter the client is configured to build is 30 seconds,
then, assuming a tull bufter, the video being plaved is at least
30 seconds behind the live feed.

Suppose the current Gme is 11:05:00 am and that the
hasketball game Alice is walching starled 65 minules ago. al
10:00:00 am. As used herein, the “current™ time in such a
scenario is 11:05:00. In contrast, the portion of the game that
would appear in Alice’s video player at the current Gime 1s
ollset by 1 Gime. ITT is 30 seconds, the video shown by the
player would have been caplured {e.g.. by camera 1200 at
time 11:04:30. The time at which the video that is currently
being plaved on client 110 was captured (or otherwise
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received by source 102) is denoted as the “marker” time. In
the above example, the “marker”™ Gme is 11:04:30-30 see-
onds carlicr than the “current” tme.

In the example shown in FIG 3, line 306 indicates the
current time at source 102 (e.g., 0 seconds in the past). Line
304 indicates the portion of the frame at the head of the
butfer currently being plaved for Alice. As mentioned above,
the video heing played lor Alice was received at the source
30 seconds ago. The dillerence between the lime ol current
lime al source 310 and the time ol [rame at the head ol the
butter 306 is 30 seconds. The data in the buffer represents an
approximately 25 second span of data, the most recent of
which was captured (e.g., by camera 120) approximately 5
seconds ago. The buller does not yet have the most recent 5
seeconds ol the game, as indicaled by the gap belween
segment 308 and point 306.

In some embodiments the amount of buffered video data
required to start plaving a video stream is less than size 308.

2 Instead of waiting for the entire buffer 1o fill up, client 110

i comligured to show video o Alice aller only a subsel of the
buller has been downloaded. This allows for video (o be
displayed quickly. minimizing startup time. The startup ime
is determined by the size of the subset (e.g., 3 seconds),
while the quality of the feed is determined by the entire
buller sive (e.g., 30 sceonds). Once the video 1s playing, the
client tries aggressively o (111 the rest ol the buller, lior
cxample, client 110 may initially recelve video dala [rom
source 102 directly or from a high quality node such as node
104 vntil client 110°s butter is filled. Once the butter is filled,
client 110 may be directed to change the node(s) from which
it receives video data. Vor example. client 110 may he
directed o receive subsequent video data lrom node 106 and
lo stop receiving video data direetly [rom source 102,

FIG. 4 illustrates an example of an environment in which
video is distributed. In the example shown, node A (404) and
node B (406) each receive video data trom source 402,
Nodes C (408) and 13 {(410) receive data [rom node A (4047,
while node 11 (4127 receives video data from node 13 (406).

llach of the nodes maintains a buller. The bullers have a
maximum size (e.g., 30 seconds) and also an operative size,
which can vary thom node to node, and can vary for a
particular node based on tactors such as network conditions.
As explained previously, when a client beging receiving a
video stream. the client requests a portion ol the video thal
is T seconds behind the live event, where T is the maximum
size of the buffer. In the example shown in FIG. 4, each of
nodes A<l would thus be simultancously playing o their
respeclive users the feed ol (the basketball game 30 sceonds
in the pasl.

Typically, the more hops away a client is trom source 102,
the smaller the operative buffer of the client will be. In the
cxample of FIG. 3. node 110 has a maximum bufler ol 30
seconds. and an operalive bullfer of 25 sceonds. In the
example shown in FIG. 4, node D also has a buffer of
maximum size 30 seconds. However, node D's operative
butfer is much smaller—approximately 15 seconds. None-
theless. both node 1D and Alice™s node 110 will display the
same portion ol the basketball game al the same time. Both
clients” plavers will display the game in a synchronized
{(though slightly delaved) fashion.

In the example shown in VG 4. upon joining in the
streaming o a leed, every client (c.g.. A-lD) knows the
current me and requests video [rames (that are '| seconds
behind that current time. As described in more detail below,
a variety of techniques can be used to propagate current time
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tormation to ¢lients, both initially, and, in some embodi-
ments.  periodically while the video conlinues o be
streamed.

Since every client plays [rames al the marker Gime. lalency
(e.g., introduced as packets are propagated using peer-to-
peer techniques)y and other delay along the data path does not
influence viewer synchronization.  Instead. such  delays
impact only the sive ol the buller (and thus. potentially.
video quality). For instance, the size of the butter at client D
is T-(d.,+d ), where d., represents the delay between
source 102 and client A, and d,, represents the delay
helween client A (which is the parent of 1D and 1. The size
ol the buller at client 13 is smaller than the sive ol the buller
at the source.

FIG. § illustrates an example of a process for delivering
4 video stream. [n some embodiments the process shown in
I'I¢5. 5 is performed by source 102, The process beging al
502 when a request lor the video stream 1s received. For
example, when Alice instruets client 110 that she would like
1o watch the basketball game (e.g., by clicking on a “watch
live now™ bullon provided on a web page as rendered in her
weh browser), a request 1s recelved [rom client 110 by
source 102 at 502,

At 504, a past portion of the video stream is delivered to
the client. As explained above, the past portion has a marker
time that precedes the current ime by an interval 'IL For
example. onee a request [or the basketball game is received
from client 110, source 102 causes the video stream 10 be
delivered to client 110. In this case, source 102 initiates the

delivery ol video data that begins wilth the [rame having a 3

marker lime 304,

I'IGr. 6 lusirales an example of a process [or receiving a
video stream. In some embodiments the process shown in
FIG. 6 is performed by a client such as client 110. The

process heging al 602 when a request [or the video stream 1s - 3

tramsmitled. lor example, when Alice instructs client 110
that she would like o walch the basketball game {c.g., by
clicking on a “watch live now™ button), a request is trans-
mitted from client 110 to source 102 at 602. Client 110 can
also request content (starting al what client 110 believes 1s
the marker lime) [rom other clients. as applicable. and the
process shown in FIG. 6 adapted accordingly.

At 604, a past portion of the video stream is received. As
explained above, the past portion has a marker tine that
precedes the current time by an inlerval. lior example. in
response Lo the request lransmilled at 602, at 604 client 110
receives—either from source 102 or from another node such
as node 104—video data that begins with the frame having
a4 marker lime 304.

Redistribution of Data

IIG. 7 illustrates an embodiment of an environment in
which video is streamed. In various embodiments source
102, and/or another system working in conjunction with
source 102 {not pictured) coordinates the redistribution ol

dala rom nodes such as clients 106 and 104 (o other nodes

such as clients 110 and 114. In the example shown in FIG.
7. hodes are classified into one of three groups based on
factors such as their current and historic network connection
speeds and reliability. Other groupings may also be used, as
applicable.

Nodes included in the top level of a three-level hierarchy
of nodes (702) include high capacity and stable nodes whose
outpul capacily is larger than the rate of the data being
distributed. Nodes in level 702 are used as “boosC” nodes Lo
assist clients in quickly [illing their bullers. In some cases.
nodes in level 702 are typical end-user-owned computers
that are also vsed 1o view content. Nodes in level 702 can
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also be provided by the entity that controls source 102, or by
# third party. lor the purpose ol improving the distribution of
conlentk

The second level (704) includes nodes conligured both 1o
receive content and 1o redistribute content. Nodes in level
704 tyvpically have fewer resources than nodes in level 702,
but are nomctheless able o simultancously receive and
transmil video stream data.

The bottom level (706) includes mainly low-capaciy

> nodes that are configured to receive but not redistribute

content. Typically, the output capacities of nodes in level
T06 arc lower than the dala raie. owever, in some embodi-
ments clients in level 706 may be physically capable of
redistributing stream data, but are configured not to—such
as due 10 a policy set by a vser of the node, or by an
administralor.

In various embodiments. source 102 is coniigured 1o
conlinually asscss and reassign. on an ongoing basis, the
node(s) from which a client receives data, and also, it

20 applicable, the node(s) to which the client redistributes that

data. The reassessmentireassignment process can oceur with
a very high frequency. such as on sccond-level intervals, 1o
help address the situations such as the distribution of a live
feed in which high availability of a connection may be
paramount. One example way to perform tast reassignment
is as lollows. Clients are organized based on (heir available
uplink capacilics using a priority quenc. When a client loses
obe or more of its parents or the aggregate rate it receives
from its parents is less than the stream rate, the reassignment
algorithm will seleet new parents lor the client by choosing
the clients with the highest available bandwidth from the
priority queue. In some embodiments. source 102 balances
between the parent’s uplink capacity and geographic prox-
imity by first selecting a larger set of potential parents and
then seleeting the parents which are the closest Lo the client
from this sel. A potential parent is a node whose available
bandwidth is larger than the additional required bandwidth
of the child node.

Source 102 periodically exchanges intormation with ¢li-
onls using messages referred o herein as heartbeal mes-
sages. Source 102 provides instructions on which nodes the
client should obtain the appropriate stream data from and, as
described in more detail below, can also provide information
such as the current time and the marker time. Clients send
source 102 information such as current CPU load. available
storage.  geographic location, inlormation lor cach data
stream received/sent from/to other clients, and an IP-level
path to other clients. In addition to this information, source
102 has access o 3GP [eeds and the mappings belween [P
addresses and their geographic locations. Source 102 uses
the receivied inlormation (0 maintain a global and up-lo-date
view of the environment shown in FIG. 7. This view
includes the locations of the clients, whether a client is
behind NAT firewall (and il yes, the type ol NAT firewally,
client resource availability. and the level ol network con-
gestion along the paths between various clients.

FIG. 8 illustrates an example of a process for coordinating
the assigniment of parents. In some embodiments the process
shown in IG. 8 is implemented by source 102, The process
begins al 802 when an assignment of one or more parents is
sent 1o a client such as client 110. As one example, source
102 is assigned as a parent at 802, Boost nodes such as node
104 andior other nodes may also be assigned as inilial
parents al 802 instead of or in addition o source 102,

AL 804, a determination is made (c.g.. by source 102) (hat
a modification should be made to the parents assigned at
802. One reason for such a determination is that a client
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could be successtully served by a parent that is currently idle
or oltherwise underutilized. lor example, suppose client
110°s buller 1s (illed completely within a [ew seconds ol the
initial assignment at 802 being made. Al 804, sowrce 102
might determine that client 110 no longer needs the benefit
of boost node 104°s bandwidth and that client 106 would
make an acceplable parent for client 110, Another reason lor
the determination of 804 is (hat a client is being underserved
by its corrent parent {e.g., due to a change in a network
condition), that the parent has dropped off the network, etc.

If it is determined that the parent(s) of a client should be
changed. al 806 the revised assignment is propagaled o the
cliecnt. In some embodiments the revised assignment s
transmitted by source 102 via a heartbeat message.

Propagating Timestamps

As explained above, when clients initially request a video
stream, they are conligured 1o play the feed as ol the marker
time. rather the current Gme. 1L is possible that. due to the
peer-to-peer distribution techniques used by clients in envi-

ronment FIG, 1, frames may be received (and possibly out 2

ol chronological order) rom different parents. And. a client
such as a grandchild {the child ol a child) ol client 112 may
receive a frame only after it has been propagated through
many clients, with the corresponding latency introduced.
Accordingly, in some embodiments clients need to know a
time at the source {e.g. the current or marker (ime) so that
they can correctly play the appropriate [rames al the appro-
priate Time.

In some embodiments ¢lients are continuously aware of
the eurrent {and/or marker) lime 4t the source, and not just
when the client initially requests the feed. Such reoccwring
time synchronization can be used. Tor example. 1o address
the different clock skew times that different clients might
have,

One way ol maintaiming knowledge of the time atl source 3

102 1 for all clients in the environment shown in UGG 1 Lo
use a prolocol such as the Nelwork Time Protocol (NTP)Y (o
synchronize their times. [n this case, a client needs only to
know by how much is the marker behind the synchronized
global time. IT the synchronized global time is (5 and the
marker 15 1 seconds behind. then the marker is (=10

An application level protocol can also be vsed 1o distrib-
ute the appropriate time information. For example, when
source 102 receives a packet from encoder 122 (at a time
“0), source 102 can be confligured (0 embed a imestamp in
the packel. When source 102 transmits the packet, it embeds
in the packet an indication that the marker time is t-T (where
T is the maximum butter size). Every client maintains a local
marker time M; that is used o track information about the
marker time al the source. Whenever the client receives a
packel of the stream  whether [rom source 102 or [rom
another client—the client updates its local M, as being the
maximum value of the existing M, and the marker value
included in the packet. In doing so. the client will maintain

a value for the marker time with an accuracy that is bounded s

by the shortest delay path between the source and the client.
Yet another way to propagate Timing information is 1o use
a control plane such as is tormed by the heartbeat messages
exchanged between clients and source 102, As explained
dbove. source 102 periodically sends heartbeal messages (o
clients. Such messages can include the marker time of
source 102 and clients can adjust their M, values as appro-
priate based on (hose messages. In some embodiments the
heartbeats are distribuled by a computer cluster in a well-
connecled datacenter. In such an enviromment. the source
sends its heartheats 1o the computer cluster which in turn
redistributes the heartbeats 1o the appropriate clients.
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In varions embodiments a combination of techniques is
used 10 maintain knowledge ol the ime at source 102, Lor
cxample, clients can be conligured o receive the inlorma-
lion via heartbeal messages and also encoded in stream dala,
and 1o update M; as being the maximum valve received from
either source, accordingly.

Although  the  loregoing  embodiments  have  been
deseribed in some detall Jor purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many alternative ways of iimplementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What is ¢laimed is:

1. A system, comprising:

a sel ol one or more processors conligured (o

transmil a request [or a video stream;

receive a past portion ol the video stream, wherein the
past portion of the video stream is associated with a
marker time that precedes a current time by an
interval, and wherein the inlerval 1s based at least in
part on a buller length in a client buller; and

play the past portion of the video stream based at least
in part on the marker time associated with the past
portion of the video stream; and

a4 memaory coupled to the set of one or more processors

and configured o provide the sel of one or more
processors with instructions.

2. The system of claim 1 wherein the marker time is
indicated al least in part by a timestamp.

3. The system of claim 2, wherein the timestamp is
cncoded in the past portion ol the video stream.

4. The system of claim 1 wherein the past portion of the
video stream includes a frame having the marker tine.

5. The system of claim 4 wherein the past portion of the
video stream beging with the rame having the marker lime.

6. "The system of claim 1 wherein the set ol one or more
processors is configured 1o play the past portion of the video
stream starting, at the marker time.

7. 'The system of claim 1 wherein the marker time s
oblained using a synchronization protocoel.

8. The system of claim 7 wherein the synchronization
protocol comprises the Network Time Protocol (NTP).

9. The system of claim 1 wherein the marker time is
obtained [rom a hearlbeal moessage.

10, The system of claim 1 wherein the set of one or more
processors is further configured to maintain a local marker
time,

11. The system of claim 1 wherein the interval is a
maximum buller length.

12. A method. comprising:

transmitting a request tor a video stream;

receiving a past portion of the video stream, wherein the

past portion ol the video siream 1s associaled with a
marker time thal precedes a current time by an inlerval,
and wherein the interval is based at least in part on a
butter length in a client buiter; and

plaving, vsing a set of one or more processors, the past

portion ol the video stream based al least in part on the
marker lime associated with the past portion ol the
video stream.

13. The method of claim 12 wherein the marker time is
indicated al least in part by a timestamp.

14. The method of claim 13, whercin the limestamp is
cncoded in the past portion ol the video stream.

15. The method of claim 12 wherein the past portion of
the video stream includes a frame having the marker time.
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16. The method of claim 12 wherein the past portion of
the video stream is played starting al the marker time.

17. The method of claim 12 wherein the marker time 1s
obtained using a synchronizalion prolocol.

18. The method of ¢laim 12 torther comprising maintain- 3
g a local marker time.

19. A computer program product, the compuler program
product being embodied in 2 non-transitory compuler read-
able storage medium and comprising computer istructions
for: 10

Transmitting a request for a video stream;

receiving a past porltion of the video stream, wherein the

past portion ol the video stream is assoclaled with a
marker tine that precedes a current time by an interval,
and wherein the interval is based at least in part ona 1
buller length in a client buller: and

playing, using a set ol one or more processors, the past

portion of the video stream based at least in part on the
marker time associated with the past portion of the
video stream.
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