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(57) ABSTRACT

Delivering a video stream is disclosed. A request forthe video
stream is received. A past portion of the video stream is
delivered 1o a client. The past portion has a marker time that
precedes a cwrent lime by an interval that corresponds (o a
buller length in a client buller. Receiving a video stream is
also disclosed. A request for the video stream is transimitted.
A pagst portion of the video stream is received. The recerved
pasl portion has a marker lime thal procedes a current ime by
an interval that corresponds o a buller lengih in a client

bulTer.
20 Claims, 8 Drawing Sheets
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1
DELIVERING A VIDEO STREAM

CROSS REFERENCTETO TR
APPLICATIONS

This application is a conrinuation of co-pending LS.
patent application Ser. No. 12/454,563, entitled DELIVER-
INGAVIDEOSTREAM [liled May 19, 2009 which is incor-
poraled herein by relerence [or all purposes.

BACKGROUND OF THE INVENTION

Typically, viewers ol streaming conlent, such as a sporting
evenl leed, wish o view the content in as high a quality as
possible. For example, viewers do not want the video stream
10 treeze or skip frames. Such viewers tvpically also wish the
video sircam o starl playing as quickly as possible. lior
example, viewers do nol want (o wall several seconds for a
video teed to appear in a player window after having decided

1o watch the feed. And, simultaneous viewers of the same feed 2

may desire that the respective videos they watch are synchro-
nived with those ol other viewers. Unlorunately. these goals
are in conllicl. Por example, one way lo improve the quality ol
a video stream is tor a client 1o make vse of a large butfer. As
packets are received, the client inserts them at the end of the
buller and plays packets at the font of the buller. A large
buller gives the client more time o recover [rom oceasional
nelwork congestions. or even from server failure. | lowever. a
large butter takes longer to fill, resulting in a correspondingly
longer startup time.

BRI DESCRIPTION OF TTNE DRAWINGS

Various embodiments of the invention are disclosed in the

following detailed description and the accompanying draw- 3

ings.

IIG 1 illustrates an example ol an environment in which
video is streamed.

FIG. 2 illustrates an example of an embodiment of a client.

I'ICr. 3 illustrates an example of an embodiment of a buller.

I'IG. 4 illustrates an example ol an environment in which
video 1s distribuled.

FIG. 5 illustrates an example of a process tor delivering a
video stream.

I'IGr. 6 1llustrates an example of a process lor receiving a
video siream.

FIG. 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 nvention can be implemenied in numerous ways.

including as a process; an apparalus; 4 syslem: a composition s:

of matter; a computer program product embodied o0 a com-
puter readable storage medivm; and/or a processor, such as a
processor confipured to execute instructions stoved on and/or
provided by a memory coupled 1o the processor. In this speci-
flcation, these implementations, or any other [orm 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-
CI"\ViSC, da compnmcnl such as a Processor Or d4 moemory
deseribed as being conligured 1o perform a task may be imple-
mented as a general commponent that is temporarily configured
1o pertorm the task at a given time or a specific component
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that is manufactured to perform the task. As used herein, the
lerm “processor” relers o ome ormore devices. cireuits. and/or
processing cores conligured o process dala, such as compuler
program inslructions.

A detailed description of one or more embodiments of the
inventionis provided below along with accompanying figures
that illustrate the principles of the invention. The invention is
described in connection with such embodimenis, but the
invention is not limited to any embodiment. The scope of the
invention s limiled only by the claims and the invention
encopasses Lumerous alternatives, modifications and
equivalents. Numerous specific details are set forth in the
following description in order 1o provide a thorough under-
standing of the invention. These detalls are provided lor the
purposc ol example and the invention may be practiced
according 1o the claims withoul some or all of these speciliic
details. For the purpose of 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 unneces-
sarily obscured.

115, 1 llugirales an example of an enviromment in which
video is streamed. Scurce 102 distributes videoto 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 disiribuled is a live sporting event. such as a
football game, captured by camera 120 and encoded by
encoder 122, In various embodiments, other video sources are
distributed and the techniques herein adapted accordingly.
lior example, in addition 1o live events, source 102 can he
confligured 10 distribute continuous [eeds such as sccurily
camoera dala and also leeds ol prerecorded content such as lor
a television nerwork channel.

Camers 120, encoder 122, and source 102 may be collo-
caled on a single platform, or may be physically separale, as
applicable. Additionally, In some embodiments camera 120
andi/or encoder 122 are under the control of a diflerent entity
than source 102, In addition to source 102, other nodes, such
as traditional content distribution nerwork (CDN) nodes are
used Lo distribule conlent in various embodimenis.

Network cloud 118 includes the Internet and assorted intra-
nets. For example, clients 104 and 108 are both nodes on 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 slorage 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 1o network 118 and also has
considerable computing resources such as mulliple st pro-
cessors and a large amount of memory. In contrast, client 110
has a slower connection to network 118 and limited memory.
Client 114 is a handheld device, such as a web-enabled cel-
lular phone. Other examples ol clients (mol shown) such asg
personal digital assistants. scl-lop hoxes. game consoles,
broadband routers, and digital video recorders may also be
vsed i conjunction with the techniques described herein as
applicable.

I"1(3. 2 illustraies an example ol an embodiment ol a client.
In the example shown. client THY includes 2 communicalion
interface 202 that is vsed by client 110 1o communicate with
other devices/systems that are accessible via network clond
118. lior example. client 110 receives video packels [rom
clients 106 and 104 via communication interface 202, Client
110 also (ransmits video packets o client 112 via communi-
cation interface 202, Butfer 206 holds video information.
Whenever client 110 performs a task (such as requesting a
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portion of a video stream), either a single component or a
subscl ol components or all components client 1T may coop-
crale 1o perlorm the task.

In the example of FIG. 1, client 104 has installed on it an
application that facilitates the streaming, of video content. The
application is configured to receive content trom source 102
(and/or [rom one or more other elicnts) and 1o redistribule the
content o other nodes using peer-lo-peer lechniques. When
client 104 is distributing video content to other clients, it is
also referred 1o herein acting as a “parent” 1o those other
clients. As vsed herein, “parent” denotes any node that sends
data to another node and is applicable irrespective o whether
tree-based protocols (in which a parent is defined with respect
10 a0 entire (sub)stream) or swaring protocols (in which a
parent is defined with respect 10 a small granularity data unit
such as a dala packel or block) are used o distribute the
stream data. Source 102 is also a parent for clients 106, 104.
and 108. Client 114 also has an application installed on il o
facilitate the streaming of video, but it is not configured to
redistribute the content.

Client 110 does not have a dedicated video streaming
application installed. Instead, client 110 has installed on it a
tvpical commercially available web browser application sueh
as MICROSOFT INTERNET EXPLORER, MOZILLA
FIREFOX, or APPLE SAFARI. Client 110 streams video
content and redistribules it o other clients via browser appli-
catiom 204 in comjunclion with a JAVA applet. ADOBL
FLASH content, SILVERLIGHT component or similar tech-
nology.

I'IGr. 3 illustrales an example of an embodiment ol abuller. 3

Suppose a user of client 110 (hereinaller referred (o as
“Alice™) s currently viewing a live baskelball game with
client 110. Buffer 208 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 3

client 110 receives packels. they are inserted at the end ol the
buller (3100, The packets al the beginning of 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
requests a portion of the video that is T seconds behind the
live event, where T is the maximum size of the butter, Accord-
ingly, the maximum size of the butter dictates by how much
the video being played o a user ol a client is behind the Tive
evenl. Por example. il the maximum sive of the buller the
client is configured to build is 30 seconds, then, assuming a
full butter, the video being plaved is at least 30 seconds
hehind the live leed.

Suppose the current time is 11:05:00 am and that the bas- =

ketball game Alice is walching starled 635 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 al the current Gme 1s

olfset by T time. 1171 is 30 sceonds. (he video shown by the s

plaver would have been caprured (e.g., by camera 120) attime
11:04:30. The time at which the video that is currently being
plaved on client 110 was captured (or otherwise received by
source 1023 is denoted as the “marker”™ time. In the above
example, the “marker™ time 1s 11:04:30=30 sceonds carlier
than the “current™ time.

In the example shown in FIG. 3, line 306 indicates the
current time al source 102 (e.g., O seconds in the past). |ine
304 indicates the portion of the [rame at the head of the buTer
currently being played lor Alice. As mentioned above, the
video being played for Alice was received at the source 30
seconds ago. The difference between the Tine of current time
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at source 310 and the time of trame at the head of the buffer
306 s 30 scconds. ‘The data in the buller represents an
approximalely 25 sccond span of dala, the most recent of
which was caplured {c.g.. by camera 120) approximately 3
seconds ago. The butfer does not yet have the most recent 5
seconds ofthe game, asindicated by the gap between segient
308 and point 306.

In some embodiments the amount of bulfered video data
required to start plaving a video stream is less than size 308.
Instead of waiting for the entire bufter to fill up, client 110 is
configured 1o show video 1o Alice after only a subset of the
buller has been downloaded. This allows lor video o be
displayed quickly. minimizing startup time. The startup ime
is determined by the size of the subset (e.g,., 3 seconds), while

3 the quality ot the teed is determined by the entire butter size

{e.g.. 30 seconds). Once the video is playing. the client tries
aggressively Lo [l the rest of the bulTer. lor example. client
110 may initially receive video data [rom source 102 direetly
or from a high quality node such as node 104 until client 110°s

20 buffer is filled. Once the buffer is filled, client 110 may be

directed to change the nodefs) [rom which it receives video
data. lor example, clicnt 110 may be directed (o receive
subsequent video data from node 106 and to stop receiving
video data directly from source 102,

FIG. 4 illustrates an example of an enviromunent in which
video is distributed. In the example shown. node A (4047 and
node 13 {406) cach receive video data [rom source 402, Nodes
C (408) and D (410) receive data from node A (404), while
node E (412) receives video data from node B (406).

lach of the nodes maintains a buffer. The bullers have a
maximum sive {(e.g. 30 seconds) and also an operalive size,
which can vary [rom node o node. and can vary [or a particu-
lar node based on factors such as network conditions. As
explained previously, when a client beging receiving a video
stream. the client requests a portion of the video that is T
sceonds behind the live event, where 1 is the maximum size ol
the bulTer. In the example shown in 1G4, cach o[nodes A=l
would thus be simultaneously plaving to their respective
vsers the feed of the basketball game 30 seconds in the past.

Typically, the more hops away a client is from source 102,
the smaller the operative buller ol the client will be. In the
example of FIG. 3, node 110 has a maximom buffer of 30
seconds, and an operative butfer of 25 seconds. In the
example shown in FIG. 4, node D also has a butfer of maxi-
mum sixe 30 seconds. owever, node 1375 operative buller is
much smaller  approximalely 15 seconds. Nonctheless,
both node D and Alice’s node 110 will display the same
portion of the basketball game at the same time. Both ¢lients”
players will display the game in a synchronived (though
slightly delayed) lashion.

In the example shown in V1G4, upon joining in the siream-
ing of a feed, every client (e.g., A-E) knows the current time
and requests video frames that are T seconds behind that
current tme. As deseribed in more detail below, a variety of
lechnigues can be used Lo propagate current Uime inlormation
to clients, both indtially, and, in some embodiments, periodi-
cally while the video continves 1o be streamed.

Since every client plays frames at the marker time, latency
{e.g.. introduced as packels are propagated using peer-lo-peer
lechnigques) and other delay along the data path does nol
influence viewer svochronization. Instead, such delavs
impact only the size of the bufter (and thus, potentially, video
quality). lior instance. the sive ol the buffer at clicnt 13 is
T={d. +d ,,5), where . represents the delay belwoeen source
102 and client A. and d ,,, represents the delay belwoeen client
A (which is the parent of D) and D. The size of the butter at
client D is smaller than the size of the buffer at the source.
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FIG. 5 illustrates an example of a process tor delivering a
video stream. In some embodiments the process shown in

I°1¢5. 5 is performed by source 102, The process begins al 502
when arequest [or the video stream is received. For example.
when Alice instructs client 110 that she would like to watch
the basketball game (e.g., by clicking on a “watch live now™
button provided on a web page as rendered in her web
browser), a request is received [rom client 110 by source 102
al 502.

ALS4. a past portion o the video stream is delivered o the
client. As explained above, the past portion has a markertime
that precedes the current time by an interval T. For example,
once a request for the basketball game is received from client
110, source 102 causcs the video sircam o be delivered o
client 110, In this case, source 102 initiates the delivery ol
video data thal beging with the [rame having a marker time
304.

FIG. & illustrates an example of a process for receiving a
video stream. In some embodiments the process shown in
I"1€5. 6 is perlormed by a client such as client 110, The process
hegins al 602 when a request Lor the video stream is lransmil-
ted. For example, when Alice instructs client 110 that she
would like to watch the basketball game (e.g., by clicling on
a “watch live now™ button), a request is transmitted from
client 110 to source 102 at 602, Client 110 can also request
content (slarting al what client 110 belicves is the marker
time) from other clients, as applicable, and the process shown
in FIG. & adapted accordingly.

AL G4, a past portion ol the video stream 1s received. As
explained above, the past portion has 2 marker time that
precedes the current Ume by an inlerval. For example. in
response to the request transmitted at 602, at 604 client 110
receives—either from source 102 or from another node such
as node 104
marker ime 304,

Redistribution of 1Data

FIG. 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 redistribulion of data [rom
nodes such as clients 106 and 104 to other nodes such as
clients 110 and 114. In the example shown in FIG. 7, nodes
are classified into one of three groups based on factors such as
their current and historic network cormmection speeds and
reliability. Other groupings may also be used, as applicable.

Nodes included inthe top level of a three-level hierarchy of
nodes (702) include high capacity and stable nodes whose

oulpul capacity 1s larger than the rale ol the data being dis-

tributed. Nodes inlevel 702 are used as “boost 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
nsed 1o view content. Nodes in level 702 can also be provided
by the entity thal controls source 102, or by a third party, for
the purpose ol improving the distribution of conlent.

The second level (704) includes nodes configured both to
receive content and 1o redistribute content. Nodes in level 704
tvpically have tewer resources than nodes in level 702, but are
nonetheless able 1o simullancously receive and transmil video
stream dala.

The bottom level (706) incluides mainly low-capacity
nodes that are configured 1o receive but not redistribute con-
Lent.Typically. the output capacitics ol nodes in level 706 are
lower than the data rate. However. in some embodiments
clients n level 706 may be physically capable ol redistribut-
g stream data, but are configured not to—such as dve 1o a
policy set by a user of the node, or by an administrator.

video data that beging with the [rame having a3
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In various embodiments, source 102 is configured 10 con-
linually asscss and reassign, on an ongeing basis. the node(s)
from which a client reccives data. and also, iFapplicable. the
node(s) o which the client redistributes that data. The reas-
sessmentreassighment process can oceur with a very high
frequency, such as on second-level intervals, to help address
the situaiions such as the distribuiion of a live feed In which
high availability of a conneelion may be paramount. One
example way 10 perform 1ast reassignment is as follows.
Clients are organized based on their available uplink capaci-
ties using a priority queue. When a client loses one or more of
ils parents or the aggregale rale il recelves [rom its parents is
less than the siream rate. the reassignment algorithm will
select new parents for the client by choosing the clients with
the highest available bandwidth from the priority queve. In
some embodiments. source 102 balances between the par-
ent’s uplink capacily and geographic proximity by [irst
selecting a larger sel of potential parents and then sclecling
the parents which are the closest to the client from this ser. A

20 potential parent is a node whose available bandwidth is larger

than the additional required bandwidth of the c¢hild node.

Source 102 periodically exchanges information with cli-
ents nsing messages referred 1o herein as heartbeat messages.
Source 102 provides instruetions on which nodes the client
should obtain the appropriate stream data from and, as
desceribed in more detail below, can also provide inlormalion
such as the current time and the marker time. Clients send
source 102 information such as current CPU load, available
storage, geographic location, information for each data
stream received/sent romfo other clients. and an IP-level
path 1o other clients. In addition o this information. source
102 has access 10 13GP [eeds and the mappings belween [P
addresses and their geographic locations. Source 102 uses the
received intormationto maintaina global and up-to-date view
ol the environment shown in 1G. 7. This view includes the
locations of the clients. whether a client is behind NATY
firewall (and il yes, the type of NAT Tirewall). clicnt resource
availability, and the level of network congestion along the
paths between various clients.

I"1(3. 8 illustrales an example ol a process lor coordinaling
the assignment ol parents. In some embodiments the process
shown in FIG. 8 is implemented by source 102, The process
begins at 802 when an assigniment of one or more parents is
sentto a client such as client 110, As one example, source 102
15 assigned as a parent at 802, 13oost nodes such as node 104
andi/or other nodes may also be assigned as initial parents al
802 instead of or in addition to source 102,

At 804, a determination is made (e.g., by source 102) that
amodification should be made (o the parents assigned at 802,
One reason [or such a delermination is that a client could be
successully served by a parent that is cwrently idle or oth-
erwise underutilized. For example, suppose client 110°s
bufter is filled completely within a few seconds of the initial
assignment al 802 being made. AL 804, source 102 might
determine that client 110 no longer needs the henelit o boost
nade 104”5 bandwidth and that client 106 would make an
acceptable parent for client 110. Another reason for the deter-
mination of 804 is that a client is being underserved by its
current pareni (e.g., due Lo a change in a network condition),
that the parent has dropped olT the network. ele.

It it is determined that the parent(s) of a ¢lient should be
changed, at 806 the revised assighment is propagated to the
client. In some embodiments (he revised assignment 1s rans-
mitied by source 102 via a heartbeal message.

Propagaling Timestamps

Asg explained above, when clients initially request a video
stream, they are confipured to play the feed as of the marker
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time, rather the current time. It is possible that, due 10 the
peer-to-peer distribulion technigques used by clients in cnvi-
ronment F1G 1. [rames may be reccived (and possibly out ol
chromological order) from different parents. And. a client
such as a grandehild (the child of a child) of client 112 may
receive a frame only atter it has been propagated through
many clients, with the corresponding latency introduced.
Accordingly. in some embodiments clients need 1o know a
time al the source (e.g. the current or marker lime) so that they
can correetly play the appropriale [rames al the appropriale
time.

In some embodiments clients are continnously aware of the
current (and/or marker) time at the source, and not just when
the elient initially requests the leed. Such reoceurring time
synchromization can be used. lor example, (o address the
different clock skew limes that dillerent elients might have.

One way of maintaining knowledge of the time at source
102is for all clients in the environment shown in FIG. 1 touse
4 prolocol such as the Network Time Protocol (N'TP) o syn-
chromize their times. In this case, a cliont needs only o know
by how much 1s the marker behind the synchronived global
time. I the synchronized global time is G and the marker is T
seconds behind, then the marker is G-T.

An application level protocol can also be used Lo distribule
the appropriate lime information. Vor example, when source
102 receives a packet from encoder 122 (ata time “t”), source
102 can be configured 10 embed a timestamyp in the pacler.
When source 102 transmits the packet, it embeds in the packet

an indication (hat the marker Gme is (=1 {(where "I is the

maximum buller size). lvery client maintains a local marker
time M, that is used to track intormation about the marker
time at the source. Whenever the client receives a packet of
the stream  whether from source 102 or [rom another cli-
enl  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 by the shortest
delay path between the source and the client.

Yol another way o propagale iming inlormaltion is Lo use
a control plane such as is tormed by the heartbeat messages
exchanged between clients and source 102, As explained
above, source 102 periodically sends heartbeat messages to
clients. Such messages can include the marker lime of source
102 and clients can adjust their M, values as appropriate
based on those messages. In some embodiments the heart-
beats are distributed by a computer cluster in a well-con-
nected datacenter. In such an environment, the source sends
its heartbeats o the compulter cluster which in turn redistrib-
ules the heartbeats to the appropriale clients.

In various embodiments a combination of techniques is
used to maintain knowledge of the time at source 102, For
example, clients can be conligured to recelve the information
via heartbeal messages and also encoded n stream data, and
1o update M, as being the maximuwm value received [rom
either source, accordingly.

Although the foregoing embodiments have been described
in some detail lor purposes of clarity of understanding, the
invention is nol limited 1o the details provided. There are
many alternative ways of implementing the invention. The
disclosed embodiments are illustrative and not restrictive,

What is claimed is:
1. A syslem. comprising:
al leasl one or more inlerfaces conligured to:
transmit a request for a video stream; and
receive a past portion of the requested video stream;
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a processor configured to:

dynamically determine an operative buller size based al
least in part on a lunction of a propagation delay in
receiving the past portion of the requested video
strea;

fill a ¢lient buifer with at least a portion of the received
past portion of the requested video stream;

determine that the client bulfer has been [filled 10 the
dynamically determined operative bulTer size: and

cause the past portion of therequesied video stream (o be
plaved in response to the determination that the client
butter has been filled to the operative butter size; and

a memory coupled 10 the processor and configured to pro-

vide the processor with instructions.

2. The system ol claim 1 wherein the delay is associated
with a data path used (o receive the past portion of the video
stream, and wherein the data path includes one or more hops
between the system and a source of the video stream.

3. The system of claim 1 wherein the operative butter size
is Tess (han a maximum size ol the client bulTer.

4. The system ol claim 1 wherein the sysiem comprises a
first client and wherein the past portion is received from a
second client.

5. The swvstem of claim 4 wherein the first and second
clients are associaled with dilferent operative buller sizes.

6. The system ol claim 1 wherein the past portion has a
marker time.

7. The system of claim & wherein the svstem is configured
to play a trame stamped with the marker time.

8. The system of claim 1 wherein the past portion of the
video stream is caused 1o be played while (illing the client
bulTer.

9. The system ol claim 1 wherein the past portion is
received trom a first source and wherein a subsequent portion
of the video stream is received trom a second source.

10. The svstem of claim 1 wherein the processor is turther
conligured to:

receive a [irst portion of the video stream, including a first

marker lime. [rom a (irst node:

receive a second portion of the video stream, including a

second marker time, trom a second node; and
determine whether the first marker tine or the second
marker lime is more recent.

11. The system ol ¢laim 1 wherein the processor is Turther
configured to receive a timestamp associated with a frame of
the past portion.

12, The system ol ¢laim 1 wherein the processor is Turther
conligured Lo receive asubsequent portion ol the video stream
from a [irstnode and receive a imestamp rom a sceond node.

13. The system of clain 12 wherein the tinestamp is
received with a heartbeat message.

14. The system ol ¢laim 1 wherein the processor is Turther
conligured 10 synchronize a local time with a source of the
video stream.

15. A method, comprising:

Transmitting, via an interface on a client, a request for a

video siream:

receiving a past portion ol the requested video stream:

dynamically determining an operative butter size based at

least in part on a funection of a propagation delay in
receiving the past portion ol the requested video stream;

(illing a client bulTer with al least a portion of the received

past portion ol the requested video stream,
determining that the client buifer has been filled 1o the
dyvnamically determined operative bufter size; and
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cavsing the past portion of the requested video stream to be
played in response o the determination that the client
buller has been [illed 10 the operative bulTer size.

16. The method ol claim 15 wherein the delay s associated
with a data path used 1o receive the past portion of the video
stream, and wherein the data path includes one or more hops
helween the client and a source of the video stream.

17. The method claim 15 wherein the operative buller size
is less than a maximum size of the client butter.

18. The method of claim 15 wherein the client comprises a
first client and wherein the past portion is received from a
second client.

19. "The method ol ¢claim 18 wherein the (irst and sceond
clients are associated with different operative butfer sizes.

20. A computer program product, the computer program
product being embodied in 2 non-transitory compuler read-
able storage medium and comprising compuler instructions
lor:

Transmitting a request for a video stream;

receiving a past portion of the requested video stream;

dynamically determining an operative buller sive based at

least n part on a lunction ol a propagation delay in
receiving the past portion ot the requested video stream;
filling a client butter with at least a portion of the received
past portion of the requested video stream;
determining that the client buffer has been [illed o the
dynamically determined operative buller sive: and
cavsing the past portion of the requested video stream to be
plaved in response to the determination that the client
buller has been [illed 10 the operative bulTer size.
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