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1

SOURCE ASSIGNMENT BASED ON
NETWORK PARTITIONING

CROSS REFERENCE: 10O (TR
APPLICATIONS

This application is a continmation of TS, patent applica-
tion Ser. No. 13/752.232. entitled SOURCH ASSIGNMIIN'T
BASID ON NITTWORK PARTTTIONING filed Jan. 28.
2013 which is incorporated herein by reference for all
purposes, which claims priority 1o U.S, Provisional Patent
Application No., 61/697,225 entitled SOUURCE ASSIGN-
MIUNT BASHD ON NITTWORK PARTITIONING filed
Sep. 5. 2012 which is incorporated herein by relerence lor

all purposes.
BACKGROUNIY O TTIE INVENTION

Users are increasingly nsing networks such as the Internet
10 access content, such as video files and live streaming/
video on demand content, via client machines. Such content
is oflen large, time sensitive, or both, As demand lor such
content Increases, there are ongoing challenges in distribut-
ing that content efliciently and with high quality. As one
example, when a client requests content (e.g., a particular
Lelevision episode). the content may be available in multiple
bilrales from multiple sources. Unflortunalely, the client may
not receive the content [rom the most appropriale source, or
in the most appropriate bitrate,

BRIV DESCRIPTION OF TTIE DRAWINGS

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

IIG. 1 illustrates an environment in which conlent is
distributed.

FIG. 2 depicts an example of the performance associated
with three different content delivery networks (CDNs).

I'IG. 3 depicts examples ol both uncorrelated and corre-
lated quality issues.

I'IG. 4 illustrates san environmenlt in which source assign-
ment based on partitioning is performed.

FIGS. 54 and 5B depict examples of partitioning pertain-
ing to two CINs.

I'IGr. 6 illustrates a table depicting a sclection ol the best
CDN for a given DMA/ASN pair.

FIG. 7 depicts an example of a partition that includes
limited information.

I'I(r. 8 depicts a call flow used. in some embodiments, o 5

direet a video player 1o a video source.

FIG. 9 illustrates an example of a Virtwal Resource
Locator.

IIG 10 llustrales an embodiment ol a process [or direct-
ing a video player o a video source.

FIG. 1 s an illustration of an environment in which
statug information is received and processed.

DIFTATLLED DESCRIPTION

The invention can be implemented in numerous ways,
inecluding as a process; an apparatus; a svstelm; a composi-
tion ol matler: a compuler program product embodied on a
computer readable storage medium; and/or a processor, such
as a processor conligured (o cxecule instructions stored on
and/or provided by a memory coupled to the processor. In
this specification, these implementations, or any other form
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that the invention may take, may be referred to as tech-
nigucs. In general, the order ol the sleps ol disclosed
processes may be allered within the scope ol the invention.
Unless staled otherwise. 1 component such as a processor or
a memory described as being configured to perform a task
may be implemented as a general component that is tem-
porarily conligured to perlorm the task al a given tme or a
specilic component that is manulactured 1o perform the task.
As used herein, the 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-
vres that illustrate the principles of the invention. The
invention is described in connection with such embodi-
menis, but the invention is not limited 1o any embodiment.
The scope ol the invention is Timiled only by (he claims and
the invention encompasses numerous allernatives, modili-
cations and equivalents. Numerous specific details are set

20 tforth in the tollowing description in order to provide a

thorough understanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not heen deseribed in detail so that the
invention is not unnecessarily obscured.

FIG. 1 illustrates an environment in which content is
distributed. In the example shown, client devices are used 10
access conlent, such as audiovisual conlent (c.g.. movies,
songs, lelevision shows, sporting cvenls, games. images,
cle.) that is owned by conlent owners. Content is slored {or
captured) at origin servers, then distributed via other servers,
caches, content delivery networks (CDNs), proxies, ete.
{collectively, “content sources™). lixamples ol CIONsg
include Akamali. [imelight Networks. and [ evel 3 Commu-
nications. Contlent sources employ a variely ol wechnologices
and inclvde HTTP, Adobe Flash Media, and Microsoft
Internet Information Service servers. Examples of clients
include personal computers, laplops, cellular phones/per-
sonal digital assistants. and other types ol inlormation
appliances such as set-top boxes, game consoles, broadband
routers, file servers, video servers, and digital video record-
ers, as applicable,

In the example shown in FIG. 1, client deviee 102 is
operated by a user hereinaller relerred (o as Alice. Alice
lives in the Washington, D.C. area. Her Ioternet Service
Provider (ISP) is hereinafter referred to as “ACME Inter-
nel.” Suppose Alice wishes 1o walch a movie, streamed 1o
client device 102 via one or more networks (represented as
4 single network cloud 110), rom movie video service 112,
Client device 102 includes a web browser application. Alice
vses the web browser application to navigate to a portal
owned by movie video service 112, such as “hilpd
movievideoservicel2.comfwelcome.™ Ter request for a par-
ticular movie is directed to a particular CDN and vltimately
to a particular CDN node. Her client device begins stream-
ing the content from the CDN node, which is in tum
rendered in her browser {c.g.. via a lilash or Silverlight
player).

The CDN (and/or CDN node) assigned to Alice’s client
device can be selected in a variety of wavs. As one example,
4 CIIN can be selected based on current estimated load. or
for fnancial reasons (eg., where trallic 0 one CION g
preferred over another). Lurther, a given CIIN node can be
assigned (e.g., by the CDN) based on its distance 1o Alice
{i.e., with the CDN node that is the fewest hops away from
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her client device being selected). As another example, a
CION node may be assigned based om a load balancing
scheme, irrespective of or in addition 1o its distance [rom
Alice. As will be desceribed in more detail below, the CHDN
node closest to Alice (or that would be assigned based, e.g.,
on a round robin load balancing, scheme) may or may not
oller her the best viewing cxperience relative 10 other CDN
nodes having been assigned (including those belonging (o
other CDNsg). Using the teclniques described herein, a
decision of which content source should be used, andfor
what bitrate should be used, can be made. As will be
deseribed in more detail below, such decisions can be made
hoth at the time Alice inltially requests conlent. and also as
anongoing decision. Also as will be described in more detail
below, such decisions can be made for Alice’s client based
on historical perlormance information collected from other
client devices thal share some commonality with her client.

Client device 104 is operated by a user hereinalier
referred to as Bob. Bob also lives in Washington, D.C., and
also likes to stream movies from service 112, Bob's ISP is
“I3eta lelecommunications.” Many additional elient devices
(represented by client devices 106 and 108} comnect Lo
service 112, from a variety of geographical locations (e.g.,
Milwaukee and Albuquerque), via a variety of ISPs. Client
devices also connect to other services, such as sports video
service 114,

Quality Issue Ixamples

FIG. 2 depicts an example of a performance metric
associated with three different content delivery networks

(CDNs). In particular. IFI¢. 2 depicts (he pereentage ol time 3

a given CION provides the best performance lor a particular
combinalion ol a Designated Market Area (1IMA) and an
Avtonomous System Number (ASN). For a given combi-
hation, performance with respect 10 each of three CDNs is

shown as a slack, where CDN 1 s depicted as the black 3

portion of the stack, CDN 2 is depicted as (he while portion
ol the stack. and CIIN 3 is represented as the crosshatched
portion of the stack. A variety of measures of performance
can be used—whether individually or in combination.
Iixamples include, but are not limited to: {17 the number/
pereentage ol client connection [ailures, (2 how quickly a
video begins plaving on a client {e.g., tumber of seconds
until playback starts), (3) the amount of time clients spend
buffering (e.g. as a buffering ratio), and (4) whether the
maximum bandwidth ol the client is used. The example
shown depicls an aggregate assessment ol quality {(c.g.
taking into account all four measures by weighting each
equally). Other aggregation techniques can also he used. For
example. bullering ratio can be weighted more heavily than

other laclors. As another example, not all [actors need be s

aggregaled  some can be omilted.

Using bar 202 as an example: approximately 51% of the
time, an arbitrary clienr located in Washington, D.C. and
serviced by ACMIL will have the best video streaming

experience when connecled o CDN 1L CIN 2 will provide s

the best experience to the client approximately 16% of the
time, and CDN 3 will provide the best experience 1o the
client approximately 33% of the time. Using bar 204 as
another example: approximately 17% ol the time. an arbi-
trary client also located in Washinglon, 12.C., but serviced by
Beta will have the best video streaming experience when
connected to CDN 1. CDN 2 will provide the best experi-
ence Lo the client approximately 76% of the time, and CDN
3 will provide the best experience 1o the clienl approxi-
malely S ol the time. "Thus, even though Alice and Bob are
both located in Washington, D.C., their respective clients
will likely experience different performance when connect-
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ing 1o the same CDN (e.g., CDN 1), because they have
dillerent 18Ps. Specifically, Alice™s client is most similar 1o
clients represented by har 202, and Bob's client is most
similar (o clients represented by bar 204,

FIG. 3 depicts examples of both vncorrelated and corre-
lated quality issves. In particular, FIG. 3 depicts, over a three
month period, the pereentage of commection [ailures expe-
ricniced by clients atlempling o conneet o cach of the three
CDNs. During period 302, CDN 2 had the worst perfor-
mance (i.e., had the most connection failures). During period
304, CDN 1 had the worst performance, and during period
306. CION 3 had the worst perlormance. Further. during
period 308. all three CIONg expericnceed a lailure spike (i.e.,
a correlated thilure). One reason for such a spike is a period
of high load (e.g., a holiday weekend or national sporting
cvenl when many people walch videos at the same Ume).

Delermining Assignments

I"1G. 4 illusirales an environment in which source assign-
ment based on partitioning is performed. Suppose an opera-

20 tor of a client device, such as client device 402, wishes 10

walch a video wsing video player application 404, In some
cmbodiments. the player application is a dedicated applica-
tion. In other embodiments, the plaver application is pro-
vided by a web browser application. In the example shown,
client device 402 connects to Content Management System
{CMB) 406 {cg.. via one or more nelworks 1107 and
requests the content. As will be deseribed in more detail
below, information about the client device (e.g., its I
address, User Agent string, what tvpe of device it is, what
operating system il 1s running. ([irmware version, browser
Lypedversion, player version, display size. andfor any other
applicable atiributes) s used o delermine a sel of other
client devices that are correlated with client 402. Historical
performance of devices in that set is evaluated 10 determine
a conlent source andior bitrale for client 402, Instructioms [or
conlacting the content source and oblaining the conlent are
then provided Lo client 402, In some embodiments, conlent
management system 406 contacts content distribution coor-
dinator 408 to determine the set of instructions to provide 1o
device 402, In other embodiments (c.g.. deseribed in con-
junction with UI¢r. 8), conlenl management sysiem 406
redirects client 402°s request (e.g., via HT'TD redirect).

In some embodiments, content management system 406
and content distribution coordinator 408 are operated by the
same enlity. For example. an online movic streaming service
could operaie both contenl management system 406 and
content distribution coordinator 408. Content distribution
coordinator can also be operated by other entities. For
cxample, content distribution coordinator 408 can be oper-
aled by an operator of a CDN. Conlent distribution coordi-
nator 408 can operale independently of content management
svstem 406 and/or independemtly of a CDN. As one
example, the owner of content distribution coordinator 408
could provide services (0 mulliple conlent management
systems (c.g.. ome associated with movie service 112 and one
associated with sports video service 114) and/or multiple
CDNs.

Az will be described in more detail below, quality expe-
ricniced by clients such as clients 414 is measured and stored
by content digiribution coordinator 408. “The inlormalion
obtained tromabout clients 414 is partitioned (412) and can
be used, e.g., by a video direction engine 410 to predict a
performance quality likely o be experienced by a client
device i€l is assigned a given conlent source.

IIGS. 5A and 513 depiet examples of pariitioning perlain-
ing to two CDNs. In particular, FIG. SA shows, for clients
located in one of five DMAs, and located within one of three
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ASNs, the buffering ratio experienced with respect to CDN
1. For example. clients in DMA 302 and in ABN 504
experience a bullering ratio ol 0.4 (306). Clienis in DMA
508 and in ASN 510 have a worse (higher) buflering
ratio—I1 .8 (512). Clients in either of DMA 516 or 518, and
also i1 ASN 514 have the worst buffering ratios—2.5 and
3.0, respectively.

I'IGr. 813 shows, for the same ASNIIMA partitioning as
FIG. S5A, the buffering ratio experienced with respect to
CDN 2. For some clients, CDN 2 will provide better
performance than CDN 1. As one example, compare the
values in regions 520 and 522, For some clients. CDN 2 will
provide worse perlormance than CDN 1. As one example.
compare the values in regions 524 and 526.

When a client, such as client device 402, requests content,
information such as is shown in UIGS. 5A and 513 can be
used (e.g.. by conlenl distribulion coordinator 408) (o deler-
mine whether o assign the client CDN 1 or CION 2 as a
content source. Other decisions can also be made vsing
similar information, such as determining which CDN node
Lo assign andf/or determining which bitrale o assign. urther.
once 4 video is being played on a client, informaltion such as
is shown in FIGS. 5A and 5B can be used 1o assess the
predicted impact switching the client from one content
source 10 another (or adjusting the hitrate) would have.

The values depicted in UIGS. 5A and 513 pertain 10 a
single quality meiric bullering ratio. 1Jala [or other metrics
can also be uvsed in partitioning (e.g., pertaining to tfailed
connection attempts). Further, the data can combined in a

varicly ol ways. or example. a bitrale dimension can be 3

added (i.c., [urther partitioning the clients based on their
bilrales). Other aliribules can also be used o partition the
data, such as client tvpe (e.g., desktop computer vs. tablet
computer), browser (e.g., Internet Explorer vs. Firefox), and
display sive (cg., 17" vs. 10™),

I'IGr. 6 illustrates a table depicting a sclection ol the best
CION Tor a given DMAYASN pair. In particular, cach cell in
FIG. & corresponds to whichever of CDN 1 or CDN 2
provides a better performance quality for the DMA/ASN
pair represented by the cell. For example, compare clienls in
DMA 502/ ASN 504 pair with respeet 1o CION 1 and CIIN 2.
Such clients have a predicted buffering ratio of 0.4 if
connected to CDN 1, and a predicted buttering ratio of 0.2
if connected to CDN 2. Accordingly, CDN 2 is a better
choice [or perlormance reasons (as indicated in cell 602).

In the examples shown n VIGS. 5A and 513, the values
included in a given cell (e.g., the valve of 0.4 appearing in
cell 506) represent the buifering ratio experienced by the
average client included in the given partition {i.c., the score

is determined as an average ol the bullering ratios of all s

clients in the sel). Other lechnigques can also be used Lo
assess the quality scores. For example, a distribution of
buffering ratios can be determined, and only those clients
having scores in the second/third quartile used as prediclors.
or ol specific percentiles (e.g.. 80 percentile).

In somme cases, a given partition may have data on few or
1o clients. Such a scenario is depicted In FIG. 7. Specifically,
information pertaining to clients in cell 702 is limited. In
some cmbodiments. when a given partition has insuflicient
information 10 make a reliable prediction. a larger parlition
is vsed. For example, the quality experienced by all clients
in the same ASN can be apgrepated, and/or the quality
experienced by all clients in the same 1IMA can be aggre-
galed. and used o predict which CION would be best lor a
client having the altributes of cell 702.

FIG. 8 depicts a call low uvsed, in some embodiments, to
direct a video plaver to a video source. The video distribu-
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tion depicted in FIG. 8 makes use of HTTDP chunking

delivery techniques. In [TTTP chunking. conlent is divided
inte chunks {e.g.. with cach chunk being 2-10 scconds ol
data) and then distributed as files via CIONs. Clienis down-
load chunks and stitch them together, such that a viewer of
the content sees a continuous video stream. A CMS provides
metadala associaled with a video stream. including the
inlormation required (o deliver the content, e.g.. the URL ol
a manifest file. In particular, the manitest file contains the
URL names of the chunks encoding the content, and can also
include the URL/names of other manitest files. Each chunk
s cncoded al a particular bitrate. and il 1s stored on a
particular CDN or {origin} server. Manilest (Tles can be
themselves distributed through CDNs.

Referring now to FIG. 8, an appropriate CDN/bitrate can
be imitially selected [or a client such as client 402, and the
selection{s) can also be revised as needed. The call Mow is
as [ollows: (irst, the client sends a request o the CMS (8023,
In addition 1o the video being requested, additional infor-

20 mation about the user/client is included in the request, or is

otherwise oblained by the CMS aboul the client. The addi-
tlional usericlient inlormation may be limited (e, just an IP
address, or an II* address and a User Agent string) but can
also include a varlety of attributes (e.g., client type and
display size). As one example, the CMS may be publicly
accessible. and nol require a user o have an accounl 1o
walch videos. lurther. that CMS may make use of standard
video plavback capabilities provided by a browser applica-
tion. In such a scenario, limited information about the client
may be provided al 802, As another example. access o the
CMS may require a wser accounl. andior may require a
cuslomized player application that can oblain more detailed
information about the vser/client and provide it at 802, The
CMS replies with metadata, including a URL to a manitest
file (804).

To contrel the selection ol the CION and bilrale, an
indircetion mechanism iy used. Specifically. instead ol
including a traditional URL to the manitest file, the CMS
returns a URL that points the client 1o the CDC. This URL
is also reflerred (o herein as a “Virtual Resource [ocalor”™ or
VRI. The VRI. {desceribed in more detall in conjunclion
with FIG. 9) includes the content name, and encodes other
information (e.g., about the device). When the CDC is
accessed via a VRL (806), the CDC dynamically generates
and sends o the client (BO8) a maniflest fle based on the
ollowing information: (1) information embedded in the
URL; (2) playback quality experienced by other similar
clients watching at the same time; (3) a Global II* address;
{4} bitrales al which the content is encoded. and the CIONg
or origin servers where the comtent is slored: and (3) (Global
policies such as the [raction ol clients allowed on cach CDN,
or the maximum arrival rate of new clients at a given CDN.
Information associated with (4) can be communicated off-
line by the content provider, embedded in the VRI., or
obtained [rom existing manilest [iles ol the conlent {(speci-
fied in VRL) that are already stored at various CDNs (see
dotted lines 810 and 812).

In the example of FIG. 8, “similar” clients include those
clients sharing a subsel ol attribules with the client making
the request. xamples of these altribules include: DMA,
ASN, content, content provider, device tvpe, etc. The higher
the overlap berween the values of the atiributes of two
clients. the higher the “similarity™ ol the clients. The quality
expericnced by similar clients is used by the CDC 10
accuralely predict the quality that the requesting client will
experience when streaning at a given bitrate and from a
aiven CDN.
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Once the client receives the manifest file (808), the client
uses (814) (he information in this file o download (816) and
slarl playing the video chunks. In various embodiments.
content source/bitrate decision-making is performed on an
ongoing, periodic basis, and a given ¢lient can be provided
with vpdated instruetions midstream. As one example, after
ten consecutive chunks are received by a client, the client
can be provided with a new VRI. 804, or a manilest that
includes a VRI. (1.e.. causing CDC 10 re-evaluale the client’s
conlent source/bitrate) and send revised instructions i war-
ranted. As another example, in some embodiments, clients
ron dedicated video plaver applications and/or applications
that otherwise natively support a teature that allows the
client o periodically evaluate its perlormance and request
revised instruciions. c.g., when qualily issucs arc experi-
enced midstream.

FIG. 9 illustrates an example of a Virutal Resource
Locator. As explained above, a VRL is provided by a content
provider's CMS 10 a client requesting content, and is used by
the client o invoke the services of the CDCL As shown In
I'I¢5. 9, in some embodiments, a VRI. includes six regions.
The first (902) indicates the protocol being vsed 1o perform
the request. One example of a protocol is HTTD. The second
(904) indicates the location of the CDC (e.g., a DNS name
of the CDCY. The third (206) indicates the version o VRI.
heing used. One example is version *1.7 The fourth (908) is
a code that indicates a protocol tvpe associated with the data
10 be retrieved. A chart of example codes is included in FIG.
9 (914). "The (ifih (910) 1s a request block that specilies
required paramelers. such as the asscl (conlenl) name.
customer I1). bitrates al which the content is stored. and
CDNs at which the content is stored. The final region
includes the name of what is being requested, and a set of

optiomal parameters cncoded as key-value pairs. lixamples 3

ol such paramelers include content metadala (e, cpisode.
show. season). conlent type (e.g.. advertisement. short video
on demand clip, or live stream).

The following is a list of example optional parameters that
can be embedded in portion 912.

Lok (“sceurity’loken™): A loken generated by the CDC that
is passed out-ot-hand to the video CMS and is validated at
request time,

an (“assetName™): a human-readable string describing the
video assel. Maximum length: 127 byles.

al (MasseClypc”™) a string identilying the type of the
content. May Dbe one of the following valves: ON
DEMAND, LIVE EVENT, LINEAR LIVE, EVENT
RIEPLAY. OTTIER.

dvi (“deviedlypd™): a string indicating the lorm-laclor =

type ol the device. May be one ol the Tollowing: PC.
MOBILE, CONSOLE, SETTOD, SMART TV, OTHER.

dvb (“deviceBrand”): a string that names the brand of the
device. Maximum lengih is 64 bytes. lior example. “Roku,”
“Microsoli.”

dvm (“deviceModel™): a string that defines the model of
the device. Maximum length is 64 bytes. For example,
“Khbox 360

dvv (“deviceYersion™): a siring representing the fimware
version number of the device. Maximum length is 64 byles.

dve (“deviceConnection™): a string describing the last-
mile access connection the video device has to the Internet.
May have one ol the [ollowing values: 11 CAIBLIL D8I
WIIL 4. 3¢, OTHER.

dvid (“deviceld™: a string defining a2 unique device
identifier. Must be less than 127 bytes. For example, UDIDs
for 105 devices.
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dem: (“dem Type™): The tvpe of digital rights management
lechnology  uwsed. May be one ol the Tlollowing:

MICROSOIT_PLAY_READY.
ADORI_ACCHSS,  MARILIN,
BE_PHLS, OTHER, NONE.

0s: @ string haming the operating system in which the
video 1s playing. Maximum length is 64 byles.

sy (“osVorsion™): a string indicating the [ull version
nuber of the operating svstem indicated nnder “os,"” it any.
Maximum length is 64 bytes.

vid (“viewerld™): a string identitying the video sessions of
4 single viewer, without collecling any personally identifi-
able information. Typically a hashed/obluscated version ol a
Subscriber ID. Maximuom length is 127 bytes.

<pther customer meta-data> For example:

“servied lype™ “SkyGo™

“show™: “Popldol™

“episode’™ “88:115"

FIG. 10 illustrates an embodiment of a process for direct-

APPLI_IAIR_PLAY,
ADOBI_PHDS.  ADO-

20 ing a video player 1o a video source. In some embodiments,

process 1000 15 performed by content distribution coordi-
nator 408. As explained above, conlent distribution coordi-
nator 408 can be operated independently, but can also be
operated by an operator of a content management system
fe.n. CMS 406) or other entity, such as an operator of a
CDN. Accordingly, in some embodimenis scenarios. other
componenits may perform process 10, instead ol or in
addition to CDC 408, Further, multiple components may
cooperate to perform process 1000,

The process begins at 102 when an indication thal a
client requires video streaming instructions is received. In
some embodiments. portion 1002 ol the process is per-
formed when CDC 408 is contacted by client 102 as a result
of client 102 receiving a VRL from CMS 406 and being
directed 1o CDC 408, In other embodiments. portion 1002 of
the process is performed when a CMS recelves a request [or
a resource. and contacts CDC 408 on behall of the request-
ing client.

At 1004, past performance for a plurality of clients that
are correlaled o the requiring client is determined. As one
cxample, portion 1004 of the process 1s perlormed when
CDC 408 receives atiributes about the requesting client,
determines (e.g., from partitions 412) which other clients are
most similar to the requesting client, and evaluates those
clients performance history. Suppose g delermination is
made that (he requesting client is in a particular DMA and
ASN. The performance history of other clients in the same
DMA and ASN is examined at 1004,

In some embodiments. a video director engine included in
CDC 408 is conligured (o perlorm the actions of (a) deter-
mining which set ol clients are most similar o the requesling
client, and (1) evalvating their performance history. The
clients most similar to the requesting client need not be
requesting (or have requested) the same conlenl as s
requesied by the client. lor example. other clients n the
same DMA and ASN may be (have been) watching other
movies from movie video service 112, As a further example,
correlated clients may be (have been) watching video pro-
vided by other services, such as sporls video service 114,
CC 408 can be conligured o colleel statistical inlormalion
from a wide variety of clients, including clients associated
with multiple services (e.g. services 112 and 114), and can
use the collected inlormation o aid in decision-making.

AL 006, al Teast one ol a content source. and a biirate. is
determined based at least in part on the past perlormance
information examined at 1004. As one example, the corre-
lated clients” performance with respect 1o differert CDNs
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can be examined (e.g., at 1004), and a decision that the
requesting client should oblain conlent [rom a pariicular
CION can be made based on the examinalion (c.g.. as
deseribed in conjunclion with FIG. 6). As another example.
the current average bitrate of the correlated clients can be
selected tor use with the requesting client. A bitrate selection
perlormed n this way can have a particularly positive
impact on the experience ol a user viewing short video clips.
as contrasted with picking a detaunlt bitrate and adjusting the
bitrate up or down empirically (either while the video plays,
or ag part of an initialization). As vet another example of the
processing perlormed at TG, a particular CDN node can be
determined lor the client {e.g.. where an owner of a CDN
network is operating CDC 408, or is otherwise nsing CDC
408 to assist in CDN node selection).

In some embaodiments, the decision made al 1006 is basced
wholly, or predominantly. on the performance information
ol correlated clients. As one example, in the case ol a video
service that offers short clips and does not require users to
log in, very little, if' any, intormation may be known about
the specilic requesting client. Further, as explained above.
the requesting client may be running a standard browser
application that does not provide details about the client/the
client’s pertormance 1o other entities such as CMS 406 or
CDC 408. In other embodiments, the performance informa-
tion of corrclated clients is one of mulliple [aclors in
deciding a content source andior bitrate lor the client. For
example, if CMS has existing information about the client
{e.2., because it has stored historical performance intorma-

tion about the client), or il C12C 408 has information aboul 3

the client (e.g., because the client 1s already streaming
content andior s reporting statistical inlormation to cither of
CMS 406 or CDC 408), the decision made at 1006 can be
based both on knowledge about the client, as well as
knowledge about clients correlated with the client.

Finally. al 1008. insiructions are provided 1o the clicnl. As
one example. instructions are provided o the client at 1008
when a CDC provides a manitest 1o a client (e.g., 808). As
another example, where CMS 406 contacts a CDC 10 obtain
instructions on hehall of a client, the CMS provides the
obtained instructioms 1o the client at 1008,

Additional Detail Regarding Embodiments ot the Content
Distribution Coordinator

FIG. 11 is an illustration of an enviromment in which
slatus imformation is received and processed. In particular.
clients included in the environment provide periodic stalus
reports (also referred to as “heartbears™) containing telem-
etry data 1o a content distribution such as CDC 408. In
various embodiments, the services provided by the content

distribution coordinator arc implemented across a scalable s

inlrastructure, particularly in embodiments where (elemetry
data is received from many clients. In the example shown,
the elements contained within dashed region 1102 collec-
tively provide the lunctionality of content distribution coor-

dinator 408. 1iach of the layers (c.g.. dispatcher layer 1120) s

is horizontally scalable and their respective commponents can
be implemented on standard commercially available server
hardware (e.g., having a multi-core processor, 4G+ of RAM,
and Gigabil network interlace adaplors) running a Lypical
server-class operating system (e.g.. Linux).

Clients 1104-1112 each include a monitoring module that
collects status information. As one example, performance
information associated with video playback is collected. is
other inlormation about the client {e.g.. information usable
lor partiioning as described above). Nole (hat clients 1104-
1112 can represent a subset of all clients included in an
environment such as is shown in FIG. 1 or FIG. 4. That is,
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a client such as client 102 need not include a monitoring
module. Instead. in some embodimenis, data from those
clients with menitoring modules is used 0 make predictions
aboul other clients {e.g.. client 102).

When the monitoring module on a client is activated (e.g.,
because the client has started an instrumented video playver),
the client is mapped Lo a dispatcher server. As one example,
when the moniloring medule starts, it reads a configuration
file that includes a list of dispatcher servers. The monitoring

3 module selects a dispatcher server at random trom the list.

A dispateher server (1114) includes two conceptial mod-
ules. The first module implements 2 communication inter-
lace lor receiving status information from clients. In some
embodiments the module is implemented vsing an off-the-
shelf’ web server, and allows clients to connect over the
ITI"TP protocol (and also allows clients o seeurcly commu-
nicale via 8813, Data received by the first module is passed
o the sccond module. The scecond module normalizes the
data (10 a tormat suitable for further processing) and passes

20 the normalized data 10 a real-time stream processing com-

ponent (1116).

The real-time stream processing (R8P) layer includes an
optimized sottware component that processes the telemetry
data that it receives from the dispatcher in real-time. A
dispatcher sends all heartbeats belonging 1o the same session
lo the same RSP component.

In some embodiments, the REP component is imple-
mented as a contiwwously running service that reads and
processes the telemetry data received from dispatchers via
the network over TCP. The elemetry dala stream comprises
individual records. cach of which represents the telemetry
data sent by the monitoring module. The REP component
reads network data one record at a 1ime and parses the data
into a local data representation. The data received by the
REP component can be stored as in-memory hash tables ol
records allowing last excculion. and very high (hroughputs.
Since the RSP component does not require old inlormation,
it can periodically purge the in-memory hash tables and
increase scalability accordingly. In other embodiments, opti-
mived in-memory databases are used.

An example mapping lunction o map heartbeats having
a session identifier “ID™ to a particular RS component *17
as tollows:

i=hash{1}rmaod =,

where hash{ Y is a hash [unction and “m™ is the lotal
nuber of RSP components.

Once an RSP component parses the data records, it
performs two main tasks. lirst, il perlorms data Ollering. A
[iller 1s a logical expressiom and 1s installed at cach R8P
component instance. As one example. the lollowing filer
would identify viewers located in San Franeisco, connected
to ISP SP1, streaming from CDN A, one of two particular
shows:

(city="8an  lirancisco™
CDN “CDN A"  AND
{show “SundavMagazine™))

For each message of incoming telemetry data, the (key,
value) pairs in (he record are matched against the (ilter. IT the
filter is maiched, the data is associated with the filier.

The second task performed is to compute snapshots and
ob-line statistics over the telemetry data matching each filter.
One example ol a snapshol is (he number ol players that are
in a particular state (ec.g. “playing™). The RSP component
generales soquences o these snapshols (cg.. one every
second). Examples of statistics computed by the RSI® com-
ponent include: the average number of bytes plaved over all

AND  IBP="5P1
((show “NewsAtrl0™)

AND
OR
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video streams matching a filter over a given time interval
(c.g. 10 scconds) and the minimum [rames per sccond
expericnced by a slrcam malching a (iller over a time
interval. Snapshols and statistics are updated continuously.
from new telemetry data received from clients.

The RSP component provides its computed snapshots and
slatislics 1o a real-lime global aggregation  component
(1118). The real-lime global aggregation (RI'GA) compo-
lent aggregates the information provided by the RSP com-
ponent for each filter.

Ag explained above, each RSI component (1116) receives
(via a dispalcher) wlemetry data [rom a subset of the
moniloring modules and caleulales snapshotls and statistics
for all filters. Each RGA component instance is in turn
responsible for a sulset of the filters. Based on the identifier
of the iilter, all RSP components send data lor that filter (o
4 single RGA component. The RGA component combines
the data from all RSP components lor the (Tlers that il is
responsible for, resulting in a global shapshot and statistics
based on information from all monitoring modules.
Iixamples ol aggregation operalions performed by an RGA
component include: counting the tolal number ol viewoers
that match a particular filter, determining the percentage of
viewers matching a given filter that are in buitering state, the
Jointime distribution experienced by viewers joining a given
stream, the cwrrent number of viewers in a given cily. the
rank ol the most popular live events. and so on.

In some embodiments an RGA component’s functionality
is inplemented as a continuously running service. It reads

records sentl by the R8Ps asynchronously, thus achieving a 2

high throughput. The RGA component stores the records it
receives in in-memory hash lables allowing oplimived
access for real-time processing. Old intormation is periodi-
cally purged trom the hash tables to improve efficiency.

Ag shown in UG 11, gateway 1122 provides a web
service AP 1124 [or accessing data. Through the APL RGAs
dala 1s available on a per-filler basis. In addition. it alse
exposes APIs to edit and install new filters and aggregation
functions. In some embodiments gateway 1122 is imple-
menied using an oll-the shell web server (such as Apache)
with customired code 1o handle the various web service API
calls. The handlers return data for a given web ATT call in
various data formats incliding XML, JSON, SOAD, and
HTML, as applicable. The handlers serve as middleware tor
querying and interaclively controlling the R8Ps and RGGAs.

Galeway 1122 also provides access controls and persis-
tently stores the intormation regarding the ATI requests, data
access and presentation policies, and filter descriptions, The
information is maintained in a persistent database. such as
my8QI. or Oracle database.

Allhough  the foregoing  cmbodiments have  heen
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many allernative ways ol implementing the inven-

tion. The disclosed embodiments are illusirative and not s

restrictive,

What is claimed is:

1. A svstem, comprising:

one or more processors conligured o

reecive. al a conient distribution coordinator, a manilest

request from a client requesting content, wherein the
client is configured 1o access the content distribution
coordinator via a virtual resource localor provided Lo
the client by a conlent management system. wherein
the content management system provided the virtual
resource locator to the client in response to the client
having made a request 1o the content management
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svstem for content, and wherein the virmal resource
locator provided 1o the client by the conlent man-
agement system encodes inlormation including a
plurality ol content delivery networks al which the
requested content is stored;

i1 response 1o the content distribution coordinator
being accessed via the virtual resource locator pro-
vided (o the client by the content management sys-
tem, dvnamically generate a manitest file based at
least in part on: plavback quality experienced by one
or more clients determined 1o be correlated with the
client, and the plurality of content delivery networks
cncoded in the virtual resource locator; and

send, to the client, the manitest file dvhamically gen-
erated based at least in part on: the plavback qualiry
experienced by the one or more elicnts delermined 1o
be correlated with the client. and (he plurality of
comlent delivery networks encoded in the virtual
resonree locator, wherein the client is configured 1o
obtain the requested content according to the
dynamically generated manifest file: and

a4 memory coupled (o the one or more processors and

configured to provide the one or more processors with
wstruetions.

2. The svstem recited in claim 1, wherein the information
cneoded in the virlual resource locator includes an indicalion
ol a protocol type associaled with the requested conlent.

3. The svstem recited in claim 1, wherein the information
encoded in the virtval resource locator includes an identifier
associaled wilh the conlenl management syslem.

4. "The system reciled in claim 1, wherein the inlormaltion
cneoded in the virlual resource locator includes an indicalion
of one or more bitrates at which the content is stored.

5. The svstem recited in claim 1, wherein the information
cncoded in the virlual resource locator includes a name of
the content being requested by the client.

6. "T'he system reciled in claim 1, wherein the inlormaltion
encoded in the virtual resouree locator includes a tvpe of the
content being requested by the client.

7. "The system reciled in claim 1, wherein the inlormalion
cneoded in the virlual resource locator includes an indicalion
of a tvpe of a device associated with the client.

8. The svstem recited in claim 1, wherein the information
encoded in the virtual resource locator includes an indication
ol an access connection associaled with a device associaled
with the client.

9. The svstem recited in claim 1, wherein the information
encoded in the virtual resource locator includes an indication
ol a digital rights management technology used lor the
requesied conlent.

100 The system reclted inelaim 1, wherein the inlormation
encoded in the virtual resource locator includes an indication
of'an operating svstem of a device associated with the client.

11. The system recited in claim 10, wherein the informa-
tion encoded in the virtual resource locator includes an
indication of a version of the operating svstem.

12. The system recited in claim 1, wherein the information
encoded in the virtual resource locator includes an indication
ol a location of the content distribution coordinaior.

13. The system reclted inelaim 1, wherein the inlormation
encoded in the virmal resource locator includes a security
token that was previously generated by the content distri-
bution coordinator and passed 1o the conlenl management
syslem.

14. The syslem reciled in claim 13, wherein the one or
more processors are turther configured to validate the secu-
ity token.
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15. The system recited in claim 1, wherein the information
encoded in ihe virtual resource locator includes an indication
ol a limware version ol a device associaled with the clieni.

16. A method, comprising:

14

17. A computer program product embodied in a non-
transitory compuler readable storage medium and compris-
ing compuler instructions lor:

recelving, at a content distribution coordinalor. a manilest

receiving, at a content distribution coordinator, a manifest
request from a client requesting conlent, wherein the
client 1s conligured (0 access (he content distribution
coordinator via a virtual resource locator provided to
the client by a content management system, wherein
the content management system provided the virtual

request from a client requesting content, wherein the
client is configured to access the content distribution
coordinator via a virtval resource locator provided 1o
the client by a conlenl managemenl syslem, wherein
the contenl management syslem provided the virtual

resource locator to the client in response o the client v fesource locator 1o the client in response to the client
having made a request lo the conlent management baving glade a request to The' comtent nanagement
system for content, and wherein the virmal resource system for conteut, and \f\-‘herem the virtal resource
locator provided to the client by the content manage- locator provided to lh.c ?hcm b) ljnc conlenl manage-
ment system encodes information including a plurality 5 ment system CI:I(_:O(JCS mln'mn—almn |T1c'ludmg a plurality
ol content delivery networks at which the requested ™ of content delivery networks at which the requested
conlent is stored: | content 1s stored; s . .

i response to the courent distribution coordinator being n response (o the content distribution cnmrdmfimr heing
accessed via the virtual resource locator provided to the ac‘ccsscd via the virtual resource locator provided Lo the
client by the content management system, dynamically ., client b}f the contenl l'l'IE.-lI:lélgCl'l'lE:l'll system. d‘ynamlcall)-"
generaling. using ome or more processors. 4 manilost generating, a mamies‘r 'i'lle based at least in part oh:
file based at least in part on: plavback quality experi- playba(_:l( quality experienced b‘ ale of Mare clients
enced by e or mare clients deternined to be corre- dclcm‘unod o be cn)rrt{lalcd with the client, an‘d the
lated with the client, and the plurality of conrent p!umhly ol content delivery networks encoded in the
delivery networks encoded in the virtual resource loca- o5 virtual resource locator; and

lor: and

sending, to the client, the manifest file dynamically gen-
erated based at least in part o the plavback quality
experienced by the one or more clients determined Lo

be correlated with the client. and the plurality ol |

conlent delivery nelworks cncoded in the  virtual
resource locator, wherein the client is configured to
obtain the requested content according to the dvnami-
cally generated manilest file.

sending, 1o the client, the manitest file dynamically gen-

erated based at least in part o the plavback quality
expericneed by the one or more clients determined 1o
be correlated with the client, and the plurality of
content delivery networks encoded in the wvirtual
resource locator, wherein the client is configured 10
obtain the requested content according 1o the dynami-
cally generaled manilest iile.
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