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SOURCE ASSIGNMENT BASED ON
NETWORK PARTITIONING

CROSS REFERENCTETO TR
APPLICATIONS

This application claims priority 1o U.S. Provisional Patent
Application No. 61/697.225 entitled SOURCHE ASSIGN-
MIUNT BASEIDON NETWORK PARTITIONING filed Sep.
5, 2012 which is incorporated herein by reference for all
purposes.

BACKGROUNIDY OLVTTIE INVENTION

Users are increasingly vsing networks such as the Internet
10 access content, such as video files and live streaming/video
on demand content. via client machines. Such comtentisolien
large, time sensitive. or both. As demand for such content
increases, there are ongoing challenges in distrilwting that
content efficiently and with high quality. As one example,
when a client requests content (e.g., a particular television
episode). the conlent may be available in multiple bitrales
[rom multiple sources. Unflortunalely. the client may not
recerve the content trom the most appropriate source, orin the
most appropriate bitrate.

BRI DESCRIPTION OF TTNE DRAWINGS

Various embodiments of the invention are disclosed in the

following detailed description and the accompanying draw- 3

ings.

I'IG 1 illusirales an environmenlt in which content 1s dis-
tributed.

FIG. 2 depicts an example of the performance associated
with three ditferent content delivery networks (CDN3s).

I'IGr. 3 depicts examples ol both uncorrelated and corre-
lated qualily issucs.

FIG. 4 illustrates an environment in which source assign-
ment based on partitioning is performed.

I'IGR. 53A and 513 depict examples of partitioning perlain-
ing to two CIHDNs.

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 Jow used. In some embodiments. o
direct a video plaver 1o a video source.

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

FIG. 10 illustrates an embodiment of a process for direct-
ing a video player o a video source.

I'IG 11 is an llustration of an cnvironment in which stalus
formation is received and processed,

DIFTAILED DESCRIPTTON

The invention can be inplemented in numerous ways,
including as a process; an apparatus; a sy siem; a COMPOsiTion
of matter; a computer program product embodied o0 a com-
puter readable slorage medium; and/or a processor, such as a
processor conligured (o exeeule instructions stored on andfor
provided by a memory coupled 1o the processor, In this speci-
fication, these implementations, or any other form that the
invention may lake, may be relorred (o as lechnigues. In
general, the order ol (he steps ol disclosed processes may be
allered within the scope of the invention. Unless stated oth-
erwise, a component such as a processor or a memory
described as being configured to perform a task may be imple-
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mented as a general component that is temmporarily configured
Lo perform the task al a given time or a specille component
that is manulaciured o perform the task. As used herein. the
lerm “processor” relers o ome ormore devices. cireuits. and/or
processing cores configured to process data, such as computer
program instructions.,

A detailed deseription of one or more cmbodiments ol the
invention is provided below along with accompanying ligures
that illustrate the principles of the invention. The invention is
described in connection with such embodiments, but the
invention is not limited 1o any embodiment. The scope of the
invention s limiled only by the claims and the invention
cncompasscs numerous  allernatives.  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

25 known in the technical fields related to the invention has not

been described in detail so that the invention is nol unneces-
sarily obscured.

FIG. 1 illustrates an environment in which content is dis-
tributed. In the example shown, client devices are used 10
access content, such as sudiovisnal content (e.g., movies,
songs, lelevision shows, sporling evenls. games, images, cle.)
that is owned by conlenl owners. Content is stored {or cap-
tured) at origin servers, then distributed via other servers,
caches, content delivery networks (CDNs), proxies, ete. (col-
lectively, “conlent sources™). lixamples o CDNs include
Akamal. Limelight Networks. and 1evel 3 Communications.
Conlent sources employ a varicly ol lechnologics and include
HTTP, Adobe Flash Media, and Microsoft Internet Intorma-
tion Service servers. Examples of clients include personal
compuiers. laptops. cellular phomes/personal digital assis-
lants, and other types of inlormation appliances such as sel-
lop boxes, game consoles, broadband roulers, (e servers,
video servers, and digital video recorders, as applicable.

In the example shown in FIG. 1, client device 102 is oper-
aled by a user hereinalier referred 1o as Alice. Alice lives in the
Washinglon. 12.C. arca. | ler Internet Service Provider (15P7 is
hereinatier referred to as “ACME Internet.” Suppose Alice
wishes 10 watch a movie, streamed to client device 102 via
ole or more networks (represented as a single network clond
1105, [rom movie video service 112, Client device 102
includes a web browser application. Alice uses the web
browser application 1o Lavigate 1o a portal owned by movie
video service 112, such as “hitp:‘movievideoservice12.com/
welecome™ Her request [or a particular movie is direeted (o a
particular CHN and ultimately Lo a particular CIN node. Iler
client device beging streaming the content [rom the C1ON
node, which is in turn rendered in her browser (e.2., via a
Flash or Silverlight plaver).

The CIIN {(and/or CDN node) assigned o Alice’s client
device can be seleeled in a variety ol ways. As one example,
a CDN can be selected based on current estimated load, or for
financial reasons (e.g., where tratlic to one CDN is preferred
over another). Further, a given CDN node can be assigned
{c.g.. by the C1INY based on its distance to Alice (Le., with the
CDN node that is (he fewest hops away Trom her client deviee
being selected). As another example, a CDN node may be
assighed based on a load balancing scheme, irrespective of or
in addilion to its distance rom Alice. As will be deseribed in
more detail below, the CIIN node closest o Alice {or that
would be assigned based, c.g., on a round robin load balane-
ing scheme) may or may not offer her the best viewing expe-
rience relative 1o other CDN nodes having been assigned
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(including those belonging to other CDNs). Using the tech-
niques deseribed herein. a decision ol which content source
should be used, and/or whal bitrate should be used. can be
made. As will be deseribed in more detail below. such deci-
sions can be made both at the time Alice initially requests
content, and also as an onpoing decision. Also as will be
deseribed in more detail below, such decisions can be made
lor Alice’™s client based on historical perlormance inflorma-
tion collected trom other client devices that share some com-
monality with her client.

Client device 104 is operated by a user hereinatter reterred
1o a5 13ob. 13ob also lives in Washington. 13.0., and also likes
Lo stream movies from service 112, Bob®s ISP is “Beta Tele-
communications.” Many additional client devices (repre-
sented by client devices 106 and 108) connect to service 112,
[rom a variety ol geographical Tocations {c.g.. Milwaukee and
Albuquerque). via a variely of ISPs. Client devices also con-
nect o olher services. such as sports video service 114,

Quality Issve Examples

FIG. 2 depicts an example of a performance metric asso-
claled with three dilTerent content delivery networks (CHDNs).
In particular. I'IG. 2 depicts the pereentage ol time a given
CDN provides the best performance for a particular combi-
nation of a Designated Market Area (DMA) and an Autono-
mous System Number (ASN). For a given combination, per-
lormance with respeet o cach ol three CINs is shown as a
slack. where CDN 1 s depicled as the black portion ol the
staclk, CDN 2 is depicted as the white portion of the stack, and
CDN 3 is represented as the crosshatched portion of the stack.
A variely ol measures of performance can be used
individually or in combination. lixamples include, but are not
limited 10: (1Y the numberdpercentage of client connection
failures, {2y how quickly a video begins plaving on a client
(e.g., number of seconds vntil plavback starts), (3)the amount

ol time clicnts spend bullering (c.g. as a bullering ratio). and 3

() whether the maximum bandwidth of the client is used. The
example shown depicls an aggregate assessment ol qualily
{e.g., taking into account all four measures by weighting each
equally). Orther aggregation techniques can also be used. For
example, bullering ratio can be weighted more heavily than
other laclors. As another example, not all [actors need be
aggreaated—some can be omitred.

Using bar 202 as an example: approximately 51% of the
time, an arbitrary client located in Washington, D.C. and
serviced by ACMI L will have the best video streaming expe-
ricnce when connected o CIN 1. CIN 2 will provide thebest
experience to the client approximately 16% of the time, and
CDN 3 will provide the best experience to the client approxi-
malely 33% ol the time. Using bar 204 as another example:

approximately 17% ol the time. an arbitrary clicnl also s

located in Washington, 12.C., but serviced by Beta will have
the best video streaming experience when connected to CDN
1. CDN 2 will provide the best expetrience to the client
approximately 76%, ol the time. and CIIN 3 will provide the

hest experience o the client approximalely 3% ol the time. s

Thus, even though Alice and Bob are both located in Wash-
ington, D.C., their respective clients will likely experience
ditferent performance when connecting to the same CDN
(t.g.. CIIN 13 because they have dillerent 1SPs. Speciiically.
Alice’s client is most similar 1o clients represented by bar
202, and Bob’s client is mast similar to clients represented by
bar 204.

I'IGr. 3 depicts examples ol both uncorrelated and corre-
lated quality issues. In particular. 1€, 3 depicts, over a three
month period, the percentage of connection [ailures experi-
enced by clients attempting to conneet o each of the three
CDNs. During period 302, CDN 2 had the worst performance

whether 3
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{i.e., had the most connection tailures). During period 304,
CDN 1 had the worst perlormance, and during period 306,
CDN 3 had the worst performance. Vurther. during period
308. all three CNs experienced a lailure spike (i.c., a corre-
lated failure). One reason for such a spike is a period of high
load (e.g., a holiday weekend or national sporting event when
many people walch videos al the same lme).

Delermining Assignments

FIG. 4 illustrates an environment in which source assign-
ment based on partitioning is performed. Suppose anoperator
of a client device, such as client device 402, wishes 1o watch
a video using video player application 404. In some embaodi-
menis, the player application is a dedicated application. In
other embodiments, the plaver application is provided by a
web browser application. In the example shown, client device
402 conneets o Conlent Management System (CMS) 406
{c.g.. viaone or more networks 110) and requests the content.
As will be deseribed in more detail below, inlormation aboul
the client device (e.g., its IP address, User Agent string, what

20 type of device it is, what operating system it is running,

lirmware version, browser typefversion, player version. dis-
play size, andfor any other applicable aliribules) 1s used 1o
determine a set of other client devices that are correlated with
client 402, Historical pertormance of devices in that set is
evaluated to deterimine a content source and/or bitrate for
client 402, Instructions for contacting the conlent source and
obtaining the content are then provided to client 402, In some
embodiments, content management system 406 contacts con-
tent distribution coordinator 408 1o determine the set of
instructions o provide o device 402, In other embodiments
{c.g.. deseribed in conjunction with IG. 8), conlenl manage-
ment system 406 redirects client 40275 request (c.g.. via
HTTP redirect).

In some embodiments, content management system 406
and content distribution coordinator 408 are operaled by the
same enlily. lor example. an online movie streaming service
could operate both content management system 406 and con-
tent distribution coordinator 408. Content distribution coor-
dinator can also be operated by other entities. For example,
conlent distribution coordinalor 408 can be operated by an
operator of a CIN. Conlent distribution coordinator 408 can
operate independently of content management syvstem 406
and/or independently of a CDN. As one example, the owner
of content distribution coordinator 408 could provide ser-
vices o mulliple contenl management syslems (c.g. one
associated with movie service 112 and one associaled with
sports video service 114) and/or multiple CDNs.

Az will be described in more detail below, quality experi-
cneed by clients such as clients 414 is measured and stored by
content  distribution  coordinator 408, The  inlormation
obtained romfaboul clients 414 is partitioned (412) and can
be used, e.g., by a video direction engine 410 to predict a
performance quality likely to be experienced by a client
device il is assigned a given conlenl source.

IFIGS. 5A and 513 depict examples ol pariitioning pertain-
ing to two CDNs. In particular, FIG. 84 shows, for clients
located in one of five DMAs, and located within one of three
ASNs, the buttering ratio experienced with respectto CDN 1.
lior example. clients in DMA 502 and in ABN 504 experience
abullering ratio of 0.4 {306, Clients in DMA 508 and in ASN
510 have a worse (higher) buffering ratio—1.8 (512). Clients
in either of DMA 516 or 518, and also in ASN 514 have the
worst bullering ratios 2.5 and 3.0, respectively.

1G5, 513 shows, lor the same ASN/DMA partilioning as
I'I(3. SA. the bullering ratio experienced with respect 1o C1ON
2. For some clients, CDN 2 will provide berter performance
than CDN 1. As one example, compare the values in regions
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520 and 522, For some clients, CDN 2 will provide worse
perlormance than CON 1. As one cxample. compare the
values in regions 524 and 526.

When a client. such as client device 402, requests conlent.
information such as is shown in FIGS. 5A and 5B can bensed
{e.2., by content distribution coordinator 408) 1o determine
whether to assign the client CDN 1 or CDN 2 as a content
source. Other decisions can also be made using similar infor-
mation, such as determining which CDN node to assign and/
or determining which hitrate to assign. Further, once a video
is being plaved oo a client, information such as is shown in
IS, 5A and 513 can be used 1o assess the predicled impact
swilching the client rom one content source 1o another {or
adjusting the bitrate) would have.

The values depicted in FIGS, SA and 5B pertain to a single
quality metric bulfering ratio. Data lor other metrics can
also be used in partitioning (e.g., perlaining Lo lailed connec-
Lion atlempls). Further. the data can combined in a varicly ol
ways. For example, a bitrate dimension can be added (ie.,
further partitioning the clients based on their bitrates). Other
allributes can also be used 10 partition the data, such as client
Lype (c.g., desklop compuler vs. lablel computer), browser
(e.g., lnternet Explorer vs. Firetox), and displav size (e.g., 17"
v, 10"),

FIG. & illustrates a table depicting a selection of the best
CION [or a given DMASASN pair. In particular, cach cell in
I"I¢5. 6 corresponds o whichever ol CION 1 or CDN 2 pro-
vides a better performance quality for the DMA/ASN pair
represented by the cell. For example, compare clients in
DMA S02/ASN 504 pair with respeet o CDN 1 and CION 2.
Such clients have a predicied bullering ratio ol 0.4 il con-
necled o CION 1. and a predicled bullering ratio of 0.2 i
connected to CDN 2. Accordingly, CDN 2 is a better choice
for pertormance reasons (as indicated in cell 602).

In the examples shown in PIGS. SA and 513, the values 3

included in a given cdll {e.g.. the value ol 0.4 appearing in cell
506) represent the bufTering ratio experienced by the average
client included in the given partition (i.e., the score is deter-
mined as an average of the buttering ratios of all clients in the
sel). Other techniques can alse be used Lo assess the qualily
scores. or example. a distribution ol bullering ratios can be
determined, and only those clients having scores in the sec-
ond/third quartile used as predictors, or of specific percentiles
(e.g., 80% percentile).

In some cases, 4 given partition may have dala on lew orno
clients. Such a scenario is depicled in PIG. 7. Speciiically.
information pertaining to clients in cell 702 is limited. In
some embodiments, when a given partition has insutficient
information to make a reliable prediction, a larger pariition is

used. For example. the quality experienced by all clients inthe s

same ASN can be aggregated, andfor the qualily experienced
by all clientsin the same DMA can be aggregated, and used to
predict which CDN would be best for a client having the
allributes of cell 702,

I'I¢r. 8 depicts a call low used. in some embodiments. (o 3

direct a video player to a video source. The video distribution
depicted in FIG. 8 makes use of HTTT chunking delivery
techniques. In HTTP chunking, content is divided into
chunks {c.g.. with cach chunk being 2-10 seconds ol data) and
then distributed as les via CDNs. Clients download chunks
and stitch them together, such that a viewer of'the content sees
a contimous video stream. A CMS provides metadata asso-
claled with a video stream, including the inlormation required
1o deliver the conlent. c.g., the URIL of a manilest file. In
particular, the manilest (Tle contains the URL names ol the
chunks encoding the content, and can also include the URLY
names of other manifest files. Each chunk is encoded at a
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particular bitrate, and it is stored on a particular CDN or
{origin) server. Manilest files can be themselves distributed
through CINs.

Relerring now o FICG. 8. an appropriate CIDN/bitrale can
be initially selected for a ¢lient such as client 402, and the
selection(s) can also be revised as needed. The call How is as
follows: first, the client sends a request to the CMS (802). In
addition to the video being requested, additional inlormaltion
aboul the usericlicnt is included in the request, or is oltherwise
obtained by the CMS about the client. The additional user!
client information may be limited (e.g., just an II* address, or
an IP address and a User Agent string) but can also include a
variety of attributes (e.g., client tvpe and display size). As one
oxample. the CMS may be publicly accessible, and not
require a user Lo have an sccount o walch videos. lurther, that
CMS may make use ol standard video playback capabilitics
provided by a browser application. [n such a scenario, limited
information about the client may be provided at 802, As

2n another example, access to the CMS may require a user

accounl. and/or may require a customized player applicalion
that can oblain more detalled inlormation aboutl the user?
client and provide it at 802, The CMS replies with metadata,
including a URL 10 g manifest file (804).

To control the selection of'the CDN and bitrate, an indirec-
lion mechanism is used. Specifically. insicad of imcluding a
traditional URI. (o the manifest (ile. the CMS returns a URI.
that points the client o the CDC. This URL is also reterred to
herein as a “Virtual Resource Locator” or VRL. The VRL
{described in more detail in conjunclion with UG 9) includes
the content name, and encodes olher inlormation {c.g.. aboul
the device). When the CDC s accessed via a VRLL (806). the
CDC dvnamically generates and sends 1o the client (808) a
manifest file based on the following information: (1) infor-
mation embedded in the URL; (2) playback quality experi-
cneed by other similar clients walching al the same time: (3)
a (flobal IP address: (4) bitrales al which the conlent is
encoded, and the CDNs or origin servers where the contentis
stored; and (3) Global policies such as the fraction of clients
allowed on cach CDN. or (he maximum arrival raic ol new
clients at a given CON. Inlormation associaled with () can be
communicated off-line by the content provider, embedded in
the VRL, or obtained from existing manitest files of the
content (specitied in VRL) that are already stored at various
CDNs (see dotled Tines 810 and 812).

In the example of UVIG. 8. “similar”™ clients include those
clients sharing a subset of atiributes with the client making the
request. Examples of these attributes include: DMA, ASN,
conlenl. conlent provider. device lype, cle. The higher the
overlap between the values of the atiributes o[ two clients. the
higher the “similarity” ol the elients. The quality experienced
by similar clients is vsed by the CDC to accurately predict the
quality that the requesting client will experience when
slreaming 4l & given bitrate and [rom a given CDNL

Once the client receives the manilest file (808). the client
vses (814) the information in this file 1o download (816) and
start plaving the video chunks. In various embodiments, con-
tent source/bitrate decision-making is performed on an ongo-
ing. periodic basis, and a given client can be provided with
updated mstructions midstream. As one example. aller len
consecotive chunks are received by a client, the client can be
provided with a new VRL 804, or a manifest that includes a
VRI. (Le. causing CDC o re-evaluale the client’s conlent
source/bitrate) and send revised instructions i warranted. As
another example. in some embodimenis, clients run dedicated
video plaver applications and/or applications that otherwise
natively support a feature that allows the client to periodically
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evalvate its performance and request revised instructions,
e.g., when qualily issues are experienced midstream.

I'IG Y illustrates an example ol a Virlual Resource [ocalor.
Ag explained above. a VRI. is provided by a conlent provid-
er's CMS 10 a client requesting, content, and is used by the
client to invoke the services of the CDC. As shown in FIG. 9,
i some embodiments, a VRL includes six regions. The first
(902} indicales the prolocol being used (o perform the
requesl. One example ol a protocol is TP The sccond
(904) indicates the location o the CDE (e.g., a DNS name ol
the CDC). The third (906) indicates the version of VRL being
used. One example is version “1.” The tourth (908) is a code
that indicates a protocol type associated with the data to be
retricved. A charl of example codes is included in FIG. 9
(914). The [ilth (910} is a request block that specilies required
parameters, such as the assel (contenl) name. customoer 1.
bitrates at 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 optional parameters encoded
as key-value pairs. Vxamples of such parameters include
content metadata (e.g., episode, show, scason), conlent Lype
(e.g., advertiselent, 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 woken generated by the CDC that
is passed out-ot-hand to the video CMS and is validated at
request Time,

an (“asseiName™): 4 human-readable siring deseribing the 3

video assel. Maximum length: 127 byles.

al (Massellype™: a string identilying the tuple ol the con-
tent. May be one of the following values: ON_DEMAND,
LIVE_EVENT, LINEAR LIVE, EVENT_REPLAY,
OTHIER.

dvi (“devied lype™): astring indicating the lorm-laclor type
ol the device. May be one ol the [ollowing: PC, MOBILLL
CONSOLE, SETTOP, SMART_TV, OTHER.

dvb (“deviceBrand™): a string that names the brand of the
device. Maximum length is 64 bytes. Vor example. “Roko.”
“Microsoll”

dvm (“deviceModel™): a string that defines the model of the
device. Maximum length is 64 bvtes. For example, “Xbox
3s07

dvv (“deviceVersion™): a siring representing the lirmware
version number of the device. Maximum length is 64 bytles.

dve (“deviceConnection™): a siring describing the last-mile
access connection the video device has 1o the Internet. May
have ome ol the Tollowing values: T1 CAIBLIL DS WIFL
4¢r, 3¢, OTTIER.

dvid (“deviceld™): a string defining a unigue device iden-
tifier. Must be less than 127 byvtes. For example, UDIDs for
1085 devices.

drm: (“drm Type™): The type of digilal rights management
lechnology  used. May be one ol the
MICROSOFT_PLAY_READY, APPLE _FAIR_PLAY,
ADOBE_ACCESS, MARLIN, ADOBE_PHDS, ADO-
BE_PHLS, OTHER, NONE.

os: a siring naming the operating system in which the video
is playing. Maximum length is 64 byles.

osv (“osVersion™): a string indicating the full version num-
ber of the operating system indicated vnder “0s.” it any.
Maximum length is 64 byles.

vid (“viewerld™): a string identilying the video sessions ol
a gingle viewer, withouwt collecting any persomally identifiable
ntormation. Typically a hashed/obivscated version of'a Sub-
seriber ID. Maximum length is 127 bytes.

lollowing: s:

[
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<ipther customer meta-data> For example:

“servied Type™ “SkyGo™

“show™: “Popldol™

“episode’™ “88:1:57

FIG. 10 illustrates an embodiment of a process for direct-
ing a video plaver 1o a video source. [n some embodiments,
process 100 1s perlormed by content distribution coordina-
lor 408. As explained above, conlent distribution coordinator
408 can be operated independently, but can also be operated
by an operator of a content management system (e.g. CMS
404) or other entity, such as an operator of a CDN. Accord-
ingly. in some embodiments scenarios. other components
may perlorm process 1000, instead ol or in addition 1o C1C
408. Further, multiple components may cooperate 1o perform

3 process 1000,

The process begins al 1002 when an indication that 2 client
requires video slreaming instructions is received. In some
cmbodiments. portion 1002 o the process is performed when
CDC 408 is contacted by client 102 as a result of client 102

20 receiving a VRL from CMS 406 and being directed to CDC

408. In other embodiments. portion 1002 of the process is
performed when a CMS receives a request [or a resource. and
contacts CDC 408 on behalf of the requesting client.

At 1004, past performance for a plurality of clients that are
correlated 1o the requiring client is determined. As one
example. portion 1004 ol the process is perlormed when C1C
408 reccives allribules aboul the requesting client, determines
{e.g., from partitions 412) which other clients are most similar
to the requesting client, and evaluates those clients perfor-
mance history. Suppose a determination is made (hat the
requesting client 15 in a particular IDMA and ASN. The per-
formance 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 (b) evaluating their perlormance history. The cli-
ents most similar 1o the requesting client need not be request-
ing (orhave requested) the same content as is requested by the
client. lor example. other clients in the same DMA and ASN
may be (have been) walching other movies [rom movie video
service 112. As a turther example, correlated clients may be
{have been) watching video provided by other services, such
as sports video service 114, CDC 408 can be configured 1o
colleet statistical inlormation [rom a wide variely ol clients,
including clients associaled with multiple services {(e.g. ser-
vices 112 and 114), and can use the collected information 1o
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
inlormation examined at 1004, As one example. the corre-
lated clients’ performance with respect to different CDNs can
be examined (e.g., at 1004}, and a decision that the requesting
client should obtain content [rom a particular CIIN can be
made based on the examination (c.g.. as described in conjune-
tion with FIG. 6). As another example, the current average
bitrate of the correlated clients can be selected for use with the
requesting client. A bitrate selection performed in this way
can have a particularly positive impact on the experience ol a
user viewing shorl video clips. as contrasted with picking a
defaulr bitrate and adjusting the bitrate up or down empini-
cally (either while the video plays, or as part of an initializa-
lion). As yet another example of the processing perlormed al
16, a particular CDN node can be determined lor the client
{c.g.. where an owner of a CIIN network is operatling C1(C
408, or is otherwise nsing CDC 408 10 agsist in CDN node
selection).
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In some embodiments, the decision made at 1006 is based
wholly, or predominantly. on the performance inlormation ol
correlated clients. As one example. in the case ol a video
service that olTers short ¢elips and does not require users o log
i, very little, it' any, information may be known about the
specific requesting client. Further, as explained above, the
requesting client may be running a standard browser applica-
tion that docs not provide details aboul the clientithe client’s
performance 1o other entities such as CMS 406 or CDC 408.
In other embodiments, the performance information of cor-
related clients is one of multiple tactors in deciding a content
source andior bitrale [or the client. For example. 1T CMS has
existing information aboul the client {c.g., because it has
stored historical performance intormation about the client),
or if CDC 408 has information about the client (e.g., because
the client 1s already streaming conlent andior is reporting
slatistical imformation o cither ol CMS 406 or C12C 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 clienl. As
one example. instructions are provided Lo the client at 1008
when a CDC provides a manifest 1o a client (e.g., 808). As
another example, where CMS 406 contacts a CDC 10 obtain
mstruetions on behalt’ of a client, the CMS provides the
obtained instructions 1o the client at 1008,

Additional Detail Regarding I'mbodiments of the Content
Distribution Coordinator

FIG. 11 is anillustration of an environment in which status

informaltion is recelved and processed. In particular, clients 3

included in the environment provide periodic stalus reporls
(also reflerred 1o as “heartbeats™ ) conlaining telemeltry dala to
a content distribution such as CDC 408. In various embodi-
ments, the services provided by the content distribution coor-

dinator are implemented across a scalable inlrastructure, par- 3

ticularly in embodiments where telemetry data s received
[rom many clients. In the example shown. the clements con-
tained within dashed region 1102 collectively provide the
functionality of content distribution coordinator 408, Each of
the layers {e.g.. dispatcher layer 11200 is horlzontally scalable
and their respective components can be implemented on stan-
dard commercially available server hardware (e.g., having a
muli-core processor, 4G+ of RAM, and Gigabit network
tertace adaptors) rmnning a tvpical server-class operating
syslem (e.g., Linux).

Clients 1104-1112 each include a monitoring module that
collects starus information. As one example, performance
intormation associated with video plavback is collected, is
other inlormation about the client {e.g.. information usable

lor partiioning as deseribed above). Note that clients 1104- 5

1112 can represent a subscl of all clients included in an
environment such as is shown in FIG. 1 or FIG. 4, That is, a
client such as client 102 need not include a monitoring mod-
ule. Insicad. in some embodiments, data rom those clients

with monitoring modules is used (0 make predictions about s

other clients (e.g., client 102},

When the monitoring module on a client is activated (e.g,.,
becavse the client has started an instrumented video plaver),
the client 1s mapped Lo a dispatcher server. As one example.
when the monitoring module starts. 1t reads a conliguration
file that includes a list of dispatcher servers. The monitoring
module selects a dispatcher server at random from the list.

A dispaicher server (1114) includes two conceplual mod-
ules. The lirst module implements a communicalion inlerface
lor receiving stalus information lrom clients. In some
embodiments the module is implemented wsing an otf-the-
shelf web server, and allows clients to connect over the HTTDP
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protocol (and also allows clients to securely communicate via
8813 Data received by the (irst module is passed o the
second module. The sceond module normalizes the data (lo a
format suitable [or lurther processing) and passes (he normal -
ized data to a real-time stream processing component (1116,

The real-time stream processing (RSP) laver includes an
optimived sollware component (hal processes the lelemetry
data that it receives [rom the dispatcher in real-time. A dis-
patcher sends all heartbeats belonging 1o the same session 1o

3 the same RSI' component.

In some embodiments, the RSP commponentis implemented
as a conlinuously running service that reads and processes the
tlelemetry data received [rom dispatchers via the network over
TCP. Thetelemetry data stream comprises individual records,
each of which represents the telemetry data sent by the moni-
loring module. The REP component reads nelwork data one
record al a lime and parses (he data inte a local data repre-
sentation. The data roceived by the RSP component can he
stored as in-memory hash tables of records allowing fast

20 execution, and very high throughputs. Since the RS compo-

nent does not require old information. it can periodically
purge the im-memory hash tables and increase scalability
accordingly. In other embodiments, optimized in-memory
databases are used.

An example mapping function to map heartbeats having a
session identifier 11D o a particular RSP component “17 ag
Tollows:

1 hash{ID) mod m,

where hash( ) is a hash function and “m” is the total number
ol REP components.

Onee an R8P component parses the data records. it per-
forms two main tasks. irst, it perlorms data (lering. A filter
is a logical expression andisinstalled at each RSP component
instance. As one example, the following filter would identify

viewers localed in 8an 'rancisco, connected to ISP SP1,

streaming [rom C1IN AL one ol two particular shows:
(city="8an  lirancisco™ AN ISP="8P1™  AND

CDN “CDN A" AND  ((show “NewsA1l0™) OR

{show “SundavMagazine™))

lor cach message of incoming lelemetry data, the (key,
value) pairs in the record are matched against the (ilter. IT the
filter is matched, the data is associated with the filter.

The second task performed is to compute snapshots and
ob-line statistics over the telemetry data matching each filter.
One example ol a snapshot is the number ol players thal arc in
a particular slale (c.g., “playing”™). The RSP component gen-
erates sequences of these snapshots (e.g., one every second).
Examples of statistics computed by the RSP component
include: the average number of byles played over all video
streams malching a [iller over a given time interval (c.g., 10
seconds) and the minimum lrames per sceond experienced by
a stream matching a filter over a time interval. Snapshots and
statistics are updated continuonsly, from new telemetry data
received [rom clients.

The REP component provides its compuled snapshots and
statistics 1o a real-time global aggrepation component (1118).
The real-time global aggrepation (RTG A} component aggre-
2ates the information provided by the RS component for
cach [ilter.

A explained above. cach RSP component (1116) receives
{via a dispatcher) telemetry data from a subset of the moni-
toring modules and calenlates snapshots and statistics tor all
[ilters. Tach RGGA component instance is in lwm responsible
for a subset ol the filers. Based on the identifier of the llter,
all REP components send data lor that [ilter 10 a single RGA
component. The RGA component combines the data from all
RSP components for the filters thatit is responsible for, result-
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ing in a global snapshot and statistics based on intormation
[rom all monitoring modules. Lxamples ol ageregation
operations performed by an RGGA component include: count-
ing the total number ol viewers that maich a particular (ilier.
determining the percentage of viewers matching a given filter
that are in buffering state, the join time distribution experi-
enced by viewers joining a given stream. the current number
ol viewers in a given cily, the rank of the most popular live
events, and 50 on.

In some embodiments an RGA component’s functionality
is inplemented as a continuously running service. It reads
records sent by the REPs asynchronously. thus achicving a
high throughpul. The R{GA component stores the records it
receives in in-memaory hash tables allowing optimized access
for real-time processing. Old information is periodically
purged from the hash tables 1o improve elliciency.

Asg shown in UIG. 11, gateway 1122 provides a web service
APIL 1124 [or accessing data. Through the APL RGAs data 1s
available on a per-filter basis. In addition, it also exposes ATTs

10 edit and install new filters and aggrepation functions. In 2

some cmbodiments gateway 1122 is implemented using an
olT-the shell web server (such as Apache) wilh customived
code 1o handle the various web service APl calls. The han-
dlers return data for a given web AT call in various data
formats including XML, ISON, SOAP, and HTML, as appli-
cable. "The handlers serve as middleware [or querying and
interactively controlling the RSPs and RGAs.

Gateway 1122 also provides aceess controls and persis-
tently stores the intormation regarding the AT requests, data

access and presentation policies, and fller deseriptions. The 3

information is maintained in a persistent database. such as
my8QI. or Oracle database.

Although the foregoing embodiments have been described
i some detail for purposes of ¢larity of understanding, the

invention is nol limited 10 the details provided. There are 3

many allernative ways o implementing the invention. The
disclosed embodiments are illusiralive and not resiriclive.

What is claimed is:
1. A syslem. comprising:
a sel of one or more processors conligured wo:
receive an indication that a client requires video stream-
g instructions;
access a data store including information associated
with a pluralily of clients;
partition, based on a sel ol one or more attributes. the
plurality of clients to identify a subset of'the plurality
of clients that are correlated with the ¢lient requiring
video streaming instructions:

aggregale past download perlormance lor (the identilied =

subscl ol clients that are correlated 1o the elient requir-
ing video streaming instructions;

vse the aggregated past download performance for the
identified subscl of correlaled clients o predicl. at

least one olt a content source, and a bilrate. for ihe s

client requiring video streaming instructions, wherein
the content source comprises at least one of: a Content
Delivery Network (CDN) and a CDN node; and

provide the client wilh instructions based at least in part
on the prediction: and

amemory coupled to the set of ole or more processors and

configured to provide the set of one or more processors
with instructions.

2. The system ol claim 1 wherein the elient requiring video
streaming instructions and the identified subsel ol clients are
correlated at least in part by sharing a common Autonomous
System Number (ASN).
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3. The system of'claim 1 wherein the client requiring video
streaming instructions and the identilied subscl ol clients arce
correlaled al least in part by sharing a common Designated
Market Area (DMA).

4. The system of'claim 1 wherein the client requiring video
streaming instructions and the identified subset ot clients are
correlated at least in part by sharing a common atiribute.

5. The system of claim 4 wherein the shared atiribute
comprises al least one of a shared operating system and a
shared application version.

6. The system of clain 4 wherein the shared attribute
comprises a shared streaming protocol.

7. The system of clain 4 wherein the shared attribure
comprises 4 shared device network Lype, wherein the shared
device network Lype comprises al least one olf wircless 181,
wired 1381, wired cable, and optical.

8. The system of claim 1 wherein the indication is received
trom the client.

9. The system of claim 1 wherein the indication is received
from a Contenl Management System.

10. The system of claim 1 wherein the indication is
received from a client by a Content Management System.

11. The svstem of claim 1 wherein the indication is asso-
ciated with a new request by the client for content.

12, "The sysiem ol claim 1 wherein the indication is asso-
cialed with a continuing request by the client for comtent.

13. The svstem of ¢claim 12 wherein the continuing request
is associated with HTTD chunling.

14. The system of ¢laim 12 wherein the continuing request
is associated with a manilest.

15. The system of claim 1 wherein the instructions com-
prise an HTTD redirect.

16. The system of claim 1 wherein the instructions are
included in a manilest.

17. The system ol c¢laim 1 wherein the instructions are
cncaded in a Virtual Resource Locator.

18. The svstem of claim 1 wherein the selecting includes
using a percentile to evalvate a predicted pertormance of the
client.

19."The system ol claim 1 wherein instructions provided 1o
the client include at least one change to instructions currently
being vsed by the client.

20. A method, comprising:

receiving an indication that a client requires video stream-

ing instruciions:

accessing a data store weluding information associated

with a plurality of clients;

partilioning. based on a set ol one or more aitributes. the

plurality of clients o identily a subsel ol the plurality of
clients that are correlated with the client requiring video
streaming instructions;

aggregating past download performance for the identified

subselol'clients that are correlated wo the client requiring
video streaming instructions:

using the aggrepated past download performance for the

identified subset of correlated clients to predict, vsing a
set of one or more processors, at least one of’ a content
source. and a bitrale. lor the clienl requiring video
streaming imstructions. wherein the conlent source com-
prises at least one oft a Content Delivery Nerwork
{CDN) and a CDN node; and

providing the client with instructions based al least in part

on the prediction.

21. A compuler program product embodied in 4 non-tran-
sitory computer readable storage medium and comprising
computer instructions for:
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receiving an indication that a client requires video stream-
ing imstructions;

decessing a data store including information associated
with a plurality ol clients;

partitioning, based on a set of one or more artributes, the
plurality of clients to identify a subset ot the plurality of
clients that are correlated with the client requiring video
slreaming instructions:

aggrepating past download performance for the identitied
subset of clients that are correlated to the client requiring
video streaming instructions;

using the aggregated past download performance lor the
identified subsel ol clients to predict, at least one ol a
content source, and a bitrate, for the client requiring
video streaming instructions, wherein the content source
comprises at least one olt a Conlent Delivery Network
{CDN) and a CION node;, and

providing the client with instructions based at least in part
ol the prediction.
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