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FIG. 8

(57) Abstract: Techniques are disclosed for generating preference 
rankings in response to requests for streaming media content re
ceived from client devices. The preference rankings are used to indir
ectly partition streaming media content across different content dis - 
ttibution networks (CDNs). Such partitions may be referred to as a 
"soft" partition, as all of the streaming media content remains avail
able from each CDN. That is, the partitioning of content across 
CDNs is not absolute, and any content item may be requested from 
any CDN. Doing so ensures that content remains available even 
where the preferred CDN for a given content item fails, while at the 
same time increasing the probability of a cache hit at the CDNs, 
without increasing the cost or the actual cache sizes of the content 
caches of different CDNs.
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PARTITIONING STREAMING MEDIA FILES ON MULTIPLE CONTENT

DISTRIBUTION NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of United States patent application serial 

number 13/654,301, filed October 17, 2012, which is herein incorporated by 

reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the invention generally relate to streaming media 

services. More specifically, embodiments of the invention relate to techniques for 

partitioning streaming media files hosted on multiple content distribution networks.

Description of the Related Art

[0003] A streaming media service generally allows users to consume media 

content on-demand over a data communications network. The service provider is 

configured to store (provide access to) media files (or “streams”) made available 

to users. For example, the streaming media service provider may use a variety of 

distribution networks to host a library of streaming media titles. Each stream may 

provide a digital version of a feature length film, a television program, a sporting 

event, a staged or live event captured by recorded video, etc. Streams also 

include media content created specifically for distribution online.

[0004] Media playback by a client device is typically referred as "streaming" 

because one of the distribution networks is used to transmit portions of a media 

file to the client device, which in turn decodes and initiates playback without 

waiting for the complete stream to be received. To account for variable latency 

and bandwidth within the communications network, a content buffer on the client 

device queues incoming portions of the stream ahead of portions actually being 

played. During moments of network congestion (which leads to lower available
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bandwidth) less data is added to the buffer, which may drain down as data is

being de-queued to support playback at a certain playback bit rate. However,

during moments of high network bandwidth, the buffer is replenished and

additional buffer time is added until the buffer is generally full again.

[0005] Streaming encoded audiovisual (AV) programs over the Internet has 

become popular as the availability of high-bandwidth Internet communication has 

increased. From a technical standpoint, a variety of different streaming media 

protocols are available for transmitting media streams to the client. Although 

many of these protocols were designed to transmit media streams from a server 

to a conventional computing system, e.g., a typical desktop PC or laptop 

computer, or home theatre PC (HTPC), the streaming approach is also being 

used to transmit streaming media to a variety of end-user client devices; including 

e.g., mobile telephones, tablet and net-book computing devices, console and 

handheld video game systems, digital video recorders (DVRs), DVD players, 

connected digital TVs, and dedicated media streaming devices, (e.g., the Roku® 

set-top box), etc.

SUMMARY OF THE INVENTION

[0006] One embodiment of the present invention includes a computer- 

implemented method for providing a client device with a streaming media title. 

This method may generally include receiving a request for the streaming media 

title from the client device and generating a content distribution network (CDN) 

preferences list that includes, for each of a plurality of CDNs, one or more links to 

the streaming media title and that ranks the CDNs in the list by order of 

preference for streaming the media title to the client device. A ranking associated 

with at least one of the CDNs is based, at least in part, on one or more 

characteristics of the streaming media title, e.g., based on a title ID associated 

with the streaming media title.

[0007] Other embodiments include, without limitation, a computer-readable 

medium that includes instructions that enable a processing unit to implement one 

or more aspects of the disclosed methods as well as a system configured to 

implement one or more aspects of the disclosed methods.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present 

invention can be understood in detail, a more particular description of the 

invention, briefly summarized above, may be had by reference to embodiments, 

some of which are illustrated in the appended drawings. It is to be noted, 

however, that the appended drawings illustrate only typical embodiments of this 

invention and are therefore not to be considered limiting of its scope, for the 

invention may admit to other equally effective embodiments.

[0009] Figure 1 illustrates a computing infrastructure configured to provide 

streaming media content to client devices using multiple content distribution 

networks (CDNs), according to one embodiment of the invention.

[0010] Figure 2 illustrates an example of a content distribution network 

configured to host streaming media content, according to one embodiment of the 

invention.

[0011] Figure 3 illustrates an example of the streaming media host server, 

according to one embodiment of the invention.

[0012] Figure 4 illustrates an example of a client device used to view streaming 

media content, according to one embodiment of the invention.

[0013] Figure 5 illustrates an example of a computing system used to view 

streaming media content, according to one embodiment of the invention.

[0014] Figure 6 illustrates an example of a preferences list ranking multiple 

CDNs available to stream media content, based in part, on the requested media 

content, according to one embodiment of the invention.

[0015] Figure 7 illustrates a method for a streaming media service provider to 

respond to a client request to stream media content, according to one 

embodiment of the invention
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[0016] Figure 8 illustrates a method for a client to select one of multiple CDNs

to obtain streaming media content from, according to one embodiment of the

invention.

[0017] Figure 9 illustrates a graph of streaming media titles, which includes a 

group of titles assigned to CDN partitions and a group of titles not assigned to 

CDN partitions, according to one embodiment of the invention.

DETAILED DESCRIPTION

[0018] A streaming media client device may be able to select from multiple 

content distribution networks (CDNs) in order to stream media content. For 

example, after subscriber has authenticated an account with the service provider, 

a client device may request to stream a given media title. In response, the service 

provider may send the client a list of links to different CDNs from which the media 

content may be obtained. The list may be sorted, indicating a preference ranking 

for each CDN. For example, the service provider may have arrangements with 

two CDNs that result in 60 percent of the streaming traffic being handled by one 

CDN, with the remaining 40 by the other. In such a case, the provider could 

generate preference rankings that give the first CDN a higher preference for 60 

percent of streaming requests and give the second CDN a higher preference for 

40 percent of streaming requests. The client then selects a CDN based on a 

combination of the preference rankings and measurements by the client of CDN 

performance. In an alternative embodiment, each CDN is associated with a 

weight or probability and the client chooses a CDN according to those 

probabilities.

[0019] Note, in this context a CDN generally refers to a distributed network of 

computing servers connected locally to the Internet in various locations. That is, a 

CDN refers to a cluster of one or more content servers connected to the Internet 

in a manner so as to have actual or potential differences in connectivity from 

another cluster of content servers, such that using servers from one cluster or the 

other may result in differential performance opportunities for the streaming client. 

The server clusters may be operated by a single entity providing streaming 

services (resulting in multiple virtual CDNs) or operated by multiple service
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providers independently. Further, such a cluster of servers may be operated by a

business entity referred to as a CDN or CDN provider, but need not be.

[0020] One result of using different CDN server clusters is that any given title 

is equally likely to be in the local cache of an edge server of one CDN as it is to be 

in the local cache of an edge server of another CDN. That is, edge servers in 

different CDNs will tend to a cache the same subset of content. Presence of 

content in the local cache of a CDN edge server is advantageous since CDN 

performance for a given client (and hence potentially user quality of experience) is 

higher when the content is already available in the local cache. One way to 

increase the probability of a cache hit is to provide a larger amount of cache 

storage, but this approach implies additional cost (to provide and operate 

additional storage). And further, as CDNs may be operated by third parties, the 

streaming media service provider may not have direct control over the hardware 

managed by a given CDN.

[0021] Embodiments of the invention provide techniques for increasing the 

probability of a cache hit, without increasing the cost or the actual cache sizes of 

the content caches of different CDNs. More specifically, embodiments of the 

invention use the preference rankings for CDNs generated in response to content 

requests to partition streaming media content across different CDNs. For 

example, the streaming media provider may determine a fixed subset of media 

content for which the preference will be set to a given CDN. Such a partition may 

be referred to as a “soft” partition, as it may be the case that all of the streaming 

media content remains available from each CDN. That is, the partitioning of 

content across CDNs may not be absolute such that any content item may be 

requested from any CDN. Doing so ensures that content remains available even 

where the preferred CDN for a given content item fails (or simply suffers from a 

period of degraded performance or performs poorly for a particular user).

Similarly, in cases where the preference rankings provide a probability for each 

CDN, storing the content at each CDN ensures that the client can select a CDN 

according to the probabilities. In other cases, partitioning may also be carried out 

such that some content items are not available on some of the CDNs. For 

example, each content item may be available on exactly two CDNs.
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[0022] When providing a library of streaming content to subscribers, a small 

number of then currently popular titles may account for the majority of streaming 

activity engaged in by subscribers. In one embodiment, a specified number of 

popular content items are not assigned to a CDN partition. That is, popular titles 

are not assigned to the “soft” partition of a specific CDN, as diversity across CDNs 

is valuable for scalability. Doing so allows a given content item to remain 

available from each cluster of servers operating as a distinct CDN (whether 

operated by the streaming media service provider or otherwise). At the same 

time, requests for content items assigned to a particular CDN partition are 

preferentially served from that partition. Note, whether an item is "popular" may 

be determined in a number of ways, for example based on an explicit provisioned 

list of items that are deemed currently popular or based on heuristics measuring 

how frequently a given content item has been requested over a recent period, 

relative to others.

[0023] In the following description, numerous specific details are set forth to 

provide a more thorough understanding of the present invention. However, it will 

be apparent to one of skill in the art that the present invention may be practiced 

without one or more of these specific details. In other instances, well-known 

features have not been described in order to avoid obscuring the present 

invention.

[0024] Further, particular embodiments of the invention are described using an 

example of a web browser running on a personal computer being used to stream 

movies, music, television programming, etc., over a data communications 

network. However, it should be understood that the invention may be adapted to 

for streaming video service accessed using a broad variety of network 

aware/capable consumer electronics devices such as DVD players, Blu-ray® 

players, web-based interfaces, set-top boxes, mobile telephones, game platforms, 

portable music players, home media systems, etc. Accordingly, references to a 

streaming media client executed by a web browser are included to be illustrative 

and not limiting.

6



WO 2014/062581 PCT/US2013/064878

[0025] Figure 1 illustrates a computing infrastructure 100 configured to provide 

streaming media content to client devices 130 using multiple content distribution 

networks (CDNs), according to one embodiment of the invention. As shown, the 

computing infrastructure 100 includes a first CDN 150i, a second CDN 1502, a 

streaming media host server 105, and a client device 130, each connected to a 

data communications network 120.

[0026] The streaming media host server 105 generally responds to user 

requests to subscribe to the streaming media service, search for content available 

using the streaming media service, and provide references (URLs) to access titles 

in the library of streaming media content stored in CDNs 150i, 1502, etc. In one 

embodiment, steaming media host server 105 may include a server computing 

system running database, and application server (as well as other software 

programs) configured to respond to requests for web pages and/or streaming 

media content received from client device 130.

[0027] Each CDN 150 may store a set of copies of the streaming media titles 

available from the streaming media service, where each copy encodes a given 

title at a different bit rate. In one embodiment, the streaming media host server 

105 may also be configured to manage how requests for streaming media content 

are serviced by the CDNs 150i, 1502. For example, in addition to passing client 

device 130 preference information in order to maintain a desired ratio of streaming 

traffic between CDNs 150 (e.g., a 60/40 spilt), the preference information may be 

used to create content partitions in CDN 150i and CDN 1502. Generally each 

content partition may correspond to a discrete set of titles available from the 

streaming media service. Further still, in one embodiment, the streaming media 

host server 105 may dynamically adjust the preferences for a given title in 

response to feedback indicating that a CDN is performing poorly when streaming 

content, e.g., to a given geographical region, to a given ISP, or for other reasons.

[0028] In one embodiment, the client system 130 provides a computer system 

running a web-browser. Accordingly, client system 130i may be a desktop PC, 

laptop computer, home-theater PC (HTPC), tablet computer, gaming console or 

other computing system capable of running a web-browser. In such cases, the
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web-browser is configured to obtain a streaming media interface from the

streaming media host server 105 rendered on a display 140, e.g., an LCD

monitor, as well as stream and decode media content played back on the display

140.

[0029] Client system 130 could also be a set-top device connected to both 

network 120 and display 140 (e.g., a flat-panel television). Accordingly, client 

system 130 is also representative of digital cable boxes, digital video recorder 

(DVR) systems, video game consoles, and other streaming media devices, as well 

as DVD players capable of connecting to a network 120 and receiving and playing 

back media streams provided by media server 105. Such devices may have built- 

in software/firmware for management (132) and streaming (131), or in some 

cases some or all portions of the software can be downloaded dynamically - for 

example, some Blu-ray® disc players can download and execute BD-live 

applications. Further, display 140 may itself be an integrated device capable of 

connecting to the network 120 playing back media streams supplied by the media 

server 105. For example, some flat-panel television displays include integrated 

components used to connect to a streaming media service, video on demand 

services, or video sharing websites. As another alternative, client system 130 

could be a mobile computing device, such as mobile telephone, tablet or net book, 

which includes either a dedicated application (or “app”) or software dynamically 

loaded into the device’s web browser,

[0030] Regardless of what type of client device 130 is used to access the

streaming media service, the client system 130 communicates with the streaming 

media host server 105 over the network 120 to access the streaming media 

service. For example, the management component 132 may allow a subscriber to 

authenticate themselves (e.g., using a username and password) with the 

streaming media host server 105, and choose a streaming media title. Then, the 

streaming component 131 may be used to stream and decode the streaming 

media title.

[0031] In one embodiment, when a user requests access to a streaming media 

title, the host server 105 may provide the client device 130 with a ranked list of
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CDNs from which the client device 130 should use to access the requested title. 

The list may include a set of links (e.g., http URLs) to encodings of the requested 

title on both CDN 150i and CDN 1502. In response, the streaming component 

131 selects one of the CDNs 150 in the list to use to stream the requested title. 

Thus, while the host server 105 may indicate a preference for one CDN 150 over 

the others, the client device 130 may have the final decision in selecting one of 

the CDNs 150. Doing so allows the client device 130 to select a non-preferred 

CDN when the performance of the preferred CDN falls below an acceptable 

threshold.

[0032] Figure 2 illustrates an example of a CDN 150 configured to host 

streaming media content, according to one embodiment of the invention. As 

shown, the CDN 150 includes an origin server 205 and four edge servers 2101-4. 

The edge servers are deployed so as to be “close” in a network-topology sense to 

different populations of end-users, for efficient delivery of content. Of course, an 

actual deployment for CDN 150 may include many more edge servers 210 and 

could further include additional origin servers 205, and could be constructed in a 

hierarchical fashion.

[0033] In one embodiment, the origin server 205 corresponds to one (or more) 

computing systems which host a streaming media library 207. The files in the 

streaming media library 207 generally correspond to the media titles available 

from a streaming media service. The streaming media library 207 may include 

multiple copies of each title, encoded at different bit rates. From the origin server 

205, titles in the media library 207 are transmitted to any or all of the edge servers 

2IO1-4. In response to a request from any specific client device 130, the CDN 

identifies the best edge server - for example 2102 - which then streams content to 

a requesting client device 130. Choice of edge server within a specific CDN is 

generally determined according to CDN proprietary technology developed by a 

CDN service provider. However, in an additional embodiment, the CDN provider 

may expose several different alternative edge servers 210 for any particular client 

device, and the techniques discussed herein may be used to allow the client 

device to discover and request content from the edge server that is most able to 

deliver the requested content.
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[0034] An operator of the CDN 150 may maintain an origin server 205 at one 

location and edge servers 210 at different geographical locations. For example, 

the CDN 150 may operate an origin server 205 at one central location and operate 

edge servers 215 near different population centers. When a user requests a title 

from media library 207, content is streamed from the origin server 205 to one of 

the edge servers 210. Once transmitted, that media title may be stored by the 

edge server 210 in content cache 215. Thereafter, if another request is made for 

the same media title, it may be streamed form the content cache 215, without 

needing to again obtain it from the origin server 205. By increasing the number of 

cache hits that occur, the edge server 210 will reduce the amount of data it needs 

to pull from the origin server 205, improving both the efficiency of the CDN 150 

and the quality of experience for users.

[0035] In addition to geography, edge servers 210 may be used to provide 

more bandwidth to certain groups of subscribers. For example, the number of 

edge servers 210 operated to stream content to a large subscriber population 

center may be greater than the number of edge servers 210 present near smaller 

subscriber population centers.

[0036] As new titles are stored in cache 215m, other titles may be evicted. In 

one embodiment, titles may be evicted from the content cache 21 5m on a least 

recently used basis. The content in each cache 21 5m may be determined 

independently of one another. However, popular titles are likely to be requested 

by clients that access each edge server 210i_4, content caches 21 5m may 

generally mirror one another. At the same time, some titles from the media library 

207 may be more popular to users near one edge server than another (i.e., some 

content may be popular in certain regions).

[0037] The content of a cache 215i is generally driven by what titles are

requested by users. However, as noted above, while the origin server 205 may 

store the complete media library 207 available from a streaming media service, 

the streaming media service may indirectly create content caches 215 that are 

relatively distinct across two different CDNs 150. For example, by partitioning 

CDN preference by title and sending preference data to requesting client devices
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based on the defined partitions, over time, the resulting caches in the edge

servers 210 of different CDNs 150 may store a largely non-overlapping set of

media titles. At the same time, CDN preferences for streaming “popular” content

(however measured) may be exempt from the partitioning. .

[0038] Figure 3 illustrates an example of the streaming media host server 105, 

according to one embodiment of the invention. As shown, the host server 105 

includes, without limitation, a central processing unit (CPU) 305, a network 

interface 315, an interconnect 320, a memory 325, and storage 330. The host 

server 105 may also include an I/O device interface 310 connecting the host 

server 105 to I/O devices 312. Note, components of host server 105 shown in 

Figure 3 are simplified to facilitate a description of partitioning streaming media 

files on multiple content distribution networks. Of course, one of ordinary skill in 

the art will recognize that in practice server systems and data centers may include 

a variety of additional components including, e.g., server virtualization, 

hierarchical storage including SSD storage systems, monitoring and supervision 

interfaces, etc.

[0039] The CPU 305 retrieves and executes programming instructions stored 

in the memory 325. Similarly, the CPU 305 stores and retrieves application data 

residing in the memory 325. The interconnect 320 facilitates transmission, such 

as of programming instructions and application data, between the CPU 305, I/O 

devices interface 310, storage 330, network interface 315, and memory 325. CPU 

305 is included to be representative of a single CPU, multiple CPUs, a single CPU 

having multiple processing cores, and the like. And the memory 325 is generally 

included to be representative of a random access memory. The storage 330 may 

be a disk drive storage device. Although shown as a single unit, the storage 330 

may be a combination of fixed and/or removable storage devices, such as fixed 

disc drives, removable memory cards, solid state (SSD) storage devices, or 

optical storage, network attached storage (NAS), or a storage area-network (SAN) 

accessed over a network.

[0040] Illustratively, the memory 325 includes an authentication component 

321, a preference generation component 323 and a licensing component 327.
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And storage 330 includes partitioning rules 332, content library data 334 and CDN 

distribution ratio 336. In one embodiment, the authentication component 321 is 

configured to authenticate a user request for access to content provided by the 

streaming media service. Once a user (and/or individual request) for a media title 

is authenticated, the licensing component 327 may generate a license token 

presented to a CDN. The token authorizes the CDN to stream a media title to a 

given client device.

[0041] In addition to any licensing authorizations or tokens given to a client 

device, the preference generation component 323 may be configured to determine 

a ranked list of CDNs to send to the client in response to a request for a streaming 

media title. The ranked list may include links to the requested media title in two 

(or more) CDNs. In response, the client device may stream the requested title 

from a selected one or more of the CDNs. Typically, the client device selects the 

highest ranked CDN, unless that CDN is measured and/or predicted by the client 

device to perform sub-optimally while streaming content (e.g., due to network 

congestion or the then current streaming load on the highest ranked CDN).

[0042] In one embodiment, the ranked list may be generated according to 

partition rules 332. For example, each streaming media title could be associated 

with a distinct numerical identifier (specified in the content library data 334). In 

such a case, titles having an even-valued identifier could result in a preference 

ranking favoring a first CDN, while titles having an odd-valued identifier could 

result in a preference ranking favoring a second CDN. Doing so results in content 

caches in edge servers of the first and second CDN storing relatively distinct set 

of media titles.

[0043] Of course a variety of other approaches other than a simple 50/50 

distribution could be used. For example, in one embodiment, the CDN distribution 

ratio 336 specifies what percentage of traffic should serviced by the first and 

second (and third, etc.) CDNs. Thus, in the case of a non-equal split, the 

partitioning rules could be configured 332 to preferentially rank one CDN over 

another in the preferences sent to clients (e.g., as in the case of a 60/40 or other 

split).
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[0044] Further, in one embodiment, certain titles may be exempt from the 

partitioning process. That is, not all the titles in a media library need to be 

included in a “soft” partition as defined by the partition rules 332. For example, 

the preference generation component 323 may select a CDN to specify as a 

preferred CDN in a preferences list sent to a client for “popular” titles by a random 

or weighted random process. Doing so ensures that “popular” titles are served by 

each available CDN equally or according to the CDN distribution ratio 336.

[0045] Further still, the preference generation component 323 may be 

configured to adjust the ranking of a given CDN by gathering real-time information 

on CDN performance from streaming clients and using this information to adjust 

the preference instructions provided to client devices. For example, instances of 

clients selecting a "non-preferred" CDN, or failing over during streaming may be 

counted and aggregated on a geographical, ISP or other basis. Evidence of 

falling CDN performance may then be used to adjust CDN preferences provided 

to clients in those same geographic areas or ISPs. Doing so may improve 

performance for streaming clients as it results in the preferred CDN being more 

likely to perform well on the first try. Further, directing traffic away from a poorly 

performing CDN may alleviate those very performance problems (i.e., directing 

traffic away from an oversubscribed CDN may improve performance of that CDN). 

Similarly, the “rankings” may provide a probability or weight used favoring one 

CDN over another. In such a case the client chooses a CDN according to those 

probabilities.

[0046] Figure 4 illustrates an example of a client device 130 used to view 

streaming media content, according to one embodiment ofthe invention. In this 

example, a streaming media client device is connected to both a display screen 

(e.g., a flat panel television) and a network. Accordingly, as shown, the client 

device 130 is connected to both a network 120 and to a display 140. Note, client 

device 130 is included to be representative of a cable-set top box, a digital video 

recorder (DVR), or television with integrated streaming functionality, as well as 

dedicated streaming devices (e.g., a Roku® device) connected to a television 

display. However configured, the client device 130 may be capable of streaming 

media content from a variety of different service providers.
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[0047] As shown, the client device 130 includes firmware/processor 405,

memory 410 and storage 435. The firmware 405 represents operating logic used

to control the client device 130. For example, the firmware 405 may be configured

to allow users to schedule recordings, connect to streaming media services, select

content for playback, etc.

[0048] Illustratively, the memory 410 includes the streaming media component 

131 and a management component 132 as well as a CDN preference list 420. In 

this example, the streaming media component 131 provides software on the client 

device 130 used to access a given streaming media service. As shown, the 

streaming media component 131 includes a content browsing interface 416, a 

media decoder 417 and a CDN selection component 418. The content browsing 

interface 416 allows a user to interact with a streaming media service, e.g., to 

search for titles and select titles for playback. In turn, the media decoder 417 is 

generally configured to decode and data streamed over the network 120 and 

display video and audio to the user. Once a user selects a title, the streaming 

media client 410 may be configured to request that title from the streaming media 

host server. For example, the streaming media client 410 may complete a 

licensing and/or authentication exchange with the streaming media host server as 

well as receive the CDN preference list 420 from the host server. As noted, the 

CDN preference list 420 may provide a list of links to multiple encodings of the 

requested title, ranked by CDN preference. The CDN preference list 420 may 

also include weights used by the streaming media component 131 to evaluate the 

relative performance of different CDNs.

[0049] Once the CDN preference list has been received, the CDN selection 

component 418 may evaluate the networking performance of each CDN and 

select one (or more) from which to stream the requested media title. For example, 

the CDN selection component 418 may be configured to choose the first CDN on 

the preference list, so long as the performance measurements for that CDN 

exceed a minimum threshold. If not, and if the second (or third, etc.) CDN has 

better performance, then the CDN selection component 418 selects the better 

performing CDN. In one embodiment, however, the measured performance of the 

second CDN may need to exceed another threshold before the second CDN is
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selected. That is, if the first CDN does not exceed the minimum threshold, the 

relative performance of the second CDN may need to be improvement of a 

sufficient magnitude before the client selects the non-preferred CDN. This avoids 

the non-preferred CDN from being selected in cases where it offers only 

marginally improved performance. Doing so may help the service provider 

maintain a preferred distribution among the CDNs (e.g., a 60/40 split). In normal 

operation the CDN performance frequently does not differ greatly between CDNs 

and thus the CDN selection component 418 typically selects the CDN with the 

highest preference ranking. However, when congestion or overload is present 

anywhere between the CDN edge server and the client device, CDN performance 

may differ substantially, and high customer value is achieved by routing to a non

primary CDN.

[0050] In addition to selecting an initial CDN, the streaming media component 

131 may monitor the actual streaming performance experienced by client 415 

from the chosen CDN while the selected media title is presented to the viewer. If 

the performance of the chosen CDN degrades, the streaming media client may 

choose to retry other CDNs, and/or begin streaming the selected title from a 

different CDN.

[0051] In an alternative embodiment, the streaming media component 131 may 

be configured to request data from more than one CDN, for example requesting 

data in rotation in substantially non-overlapping chunks from each of several 

different CDNs (the active CDNs) selected from the full list. This provides a 

means for the media client to continuously monitor the performance of each active 

CDN. In this embodiment, selection of a CDN is not an all-or-nothing selection. 

Insetead, the the client could choose to request, e.g., 90% of the chunks from the 

primary CDN, and 5% each from the two next best performing CDNs. In the case 

where the primary CDN is performing sufficiently worse than a secondary, the 

weighting can be shifted. Further, the client could choose to drop the original 

primary CDN from the active list, and introduce a new substitute from the full list in 

order to begin establishing a new performance baseline for possible future use. A 

suitable timeout is used so that if a chunk is not delivered from the CDN from

15



WO 2014/062581 PCT/US2013/064878

which it is requested in a timely fashion, that chunk is requested again from a

different CDN to avoid interruption in the presentation to the user.

[0052] Figure 5 illustrates an example of a client device 130 used to view 

streaming media content, according to one embodiment of the invention. As 

shown, a client computing system 500 includes, without limitation, a central 

processing unit (CPU) 505, a network interface 515, a bus 520, a memory 525, 

and storage 530. The computing system 500 also includes an I/O device and 

display interface 510 connecting I/O devices and a display 512 to the computing 

system 500 (e.g., a keyboard, mouse or remote control, along with a monitor (e.g., 

an LCD panel).

[0053] Like CPU 205 of Figure 2, CPU 505 is included to be representative of a 

single CPU, multiple CPUs, a single CPU having multiple processing cores, etc., 

and the memory 525 is included to be representative of a random access 

memory. The bus 520 connects CPU 505, I/O devices interface 510, storage 530, 

network interface 515 and memory 525. The network interface 515 is configured 

to transmit data via the communications network 120, e.g., to communicate with 

the host server 105 and stream media content from form CDNs 150. Storage 530, 

such as a hard disk drive or solid-state (SSD) storage drive, may store audio 

video data files along with other content.

[0054] Illustratively, the memory 525 includes a web browser 532, which itself 

includes a streaming media client 521, and the storage 530 stores buffered media 

content 535. The browser 532 provides a software application which allows a 

user to access web pages and other content hosted by a server. In context of the 

present disclosure, the streaming media client 521 generally corresponds to 

software components retrieved from a streaming media service in order to 

playback media content from that streaming media service. Content downloaded 

from the streaming media service may be stored in storage 530 as buffered media 

content 535 prior to being decoded and played back by streaming media client 

521.

[0055] The streaming media client 521 may also be configured to provide the 

functionality as described above relative to the streaming media client of the client
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device 130 shown in Figure 3. Accordingly, the streaming media client 521 may

be configured to select a CDN form a preference list 523 to use in streaming a

requested streaming media title. Or alternatively, the preferences list may provide

a "weight" or probability and the client chooses a CDN according to those

probabilities.

[0056] Figure 6 illustrates an example of a preferences list 600 ranking multiple 

CDNs available to stream media content, the requested media content, according 

to one embodiment of the invention. As shown, the list 600 includes links to three 

encodings of a streaming media title available at a first and second CDN (labeled 

as CDNi and CDN2) for three streaming bit rates 605. For example, for the 

slowest available encoding of 500 kbps induces a first link 610 “CDNi-URL,” an 

associated ranking 615 “Ri” and a weight 620 “W.” The preferences list 600 also 

includes a second link 625 “CDN2-URL” for the 500 kbps encoding along with an 

associated ranking 630 “R2” and a weight 635 “W.” The preferences list 600 also 

includes URL links for CDNi and CDN2 for both a 1500 kbps bit rate and 4800 

kbps bit rate encoding of a requested streaming media title.

[0057] In one embodiment, a streaming media client may select a CDN to 

stream a media file from by evaluating preferences list 600. For example, the 

streaming media client may sample the bandwidth available to determine the 

maximum bit rate the client can be expected to support without resulting in buffer 

under runs. Once the client determines the bit rate at which to stream media 

content, the client may then select a CDN from which to stream that content (at 

the selected bit rate). For example, the client may sample the network 

performance of the first and second CDN, and if the latency (or other metric of 

network performance) of the preferred CDN is within a specified threshold, 

indicating that the network performance of the preferred CDN should provide the 

client with a good quality of experience, then the preferred CDN is selected.

[0058] Otherwise, if the metric of network performance of the preferred CDN is 

exceeds the specified threshold, indicating that the network performance of the 

preferred CDN will not provide the client with a good quality of experience, may 

determine whether to stream the media content from the CDN ranked second (or
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third, etc.). In one embodiment, the weights assigned to a secondary CDN in the 

preference list (e.g., weight “W2” 635) may specify how much of an improvement 

in performance is needed before the non-preferred CDN is selected. For 

example, the secondary CDN might be required to provide at least a 20% 

improvement (e.g., in expected latency) before being selected over the highest 

ranked CDN. By setting a minimum amount of expected improvement in 

performance, the client device does not switch to the non-preferred CDN for small 

or marginal improvements in performance. Doing so helps enforce the “soft” 

partitions, as the selected title is not pulled into the content cache of an edge 

server of the secondary CDN. Further, doing so helps maintain an overall 

distribution of traffic to different CDNs. Conversely, when the performance 

difference is sufficiently high, the secondary CDN can be used to ensure a high 

quality of experience for subscribers of the streaming media service.

[0059] Figure 7 illustrates a method 700 for a streaming media service provider 

to respond to a client request to stream media content, according to one 

embodiment of the invention. As shown, method 700 begins at step 705 where a 

streaming media host receives a request for a streaming media title. As 

discussed above, such a request may be generated by a client interacting with a 

streaming media interface on a web browser or interface generated by a 

dedicated client device. Once received, the streaming media host may determine 

an identifier associated with the requested media content. For example, each title 

may be associated with a distinct numerical value. Once determined, the 

streaming media host may generate a CDN preferences list, based in part, on the 

ID corresponding to the requested content. The CDN preferences list is then 

transmitted to the client, which selects a CDN to stream the requested media 

content from, based in part, on the ranked preferences indicated in the CDN 

preferences list. As noted, in addition to the title ID, the streaming media host 

may specify the CDN preferences to maintain a certain ratio of traffic between the 

first and second (and third, etc.) CDN.

[0060] Figure 8 illustrates a method 800 for a streaming media client device to 

select one of multiple CDNs to obtain streaming media content from, according to 

one embodiment of the invention. As shown, the method 800 begins at step 805,
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where the client device sends a request for streaming media content to a 

streaming media host server. Following any needed client authentication, the 

client receives a list of links to the requested content at two (or more) CDNs, 

where the CDNs are ranked by preference. At step 810, the client identifies the 

highest ranked CDN from the preferences list. At step 815, the client determines 

an expected streaming performance of the highest ranked CDN in the preferences 

list (e.g., based on available bandwidth and network latency or other factors). If 

the expected streaming performance exceeds a minimum quality threshold, then 

at step 825, the client streams content from the highest ranked CDN, e.g., using a 

URL for the requested media title specified in the CDN preferences list.

[0061] Otherwise, if the expected streaming performance of the highest ranked 

CDN does not exceed the minimum requirements, then at step 830, the streaming 

media client device evaluates the expected networking performance of the 

secondary CDN (or CDNs). At step 835, if the expected streaming performance 

of a secondary CDN will provide a minimum improvement, as determined relative 

to weights specified in the CDN preferences list, then at step 840 the client device 

streams the requested content from a secondary CDN, again, e.g., using a URL 

for the requested media title specified in the CDN preferences list. Otherwise, if 

switching to a secondary CDN does not provide an improvement to the expected 

streaming performance (or the improvement is only marginal), then the client 

streams content from the highest ranked CDN.

[0062] In one embodiment, the streaming media host server may be configured 

to create “soft” partitions of certain titles across different CDNs. For example, 

Figure 9 illustrates a graph 900 of streaming media titles, which includes a group 

of titles assigned to CDN partitions and a group of titles not assigned to CDN 

partitions, according to one embodiment of the invention. As shown, the graph 

900 plots the popularity of titles available from the streaming media service, sorted 

from highest to lowest. As can be seen from the graph 900, the popularity of the 

available titles falls rapidly from the most popular title until stabilizing and 

remaining relatively constant for the majority of titles available from the streaming 

media service. More generally, the number of “popular” titles available from the 

streaming media service may be a small percentage of the overall total number of
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titles. In one embodiment, the streaming media service provider may generate 

CDN preference lists that do not partition the popular titles, represented in Figure 

9 as un-partitioned titles 905. Doing so allows a small number of frequently 

requested streaming media titles to be serviced by multiple CDNs. While at the 

same time, the remaining titles (represented in Figure 9 as partitioned titles 910) 

are partitioned across the multiple CDNs. As described above, doing so indirectly 

creates content caches at different edge servers are relatively distinct across two 

different CDN s 150.

[0063] In an alternative embodiment, three (or more) CDNs are referenced in a 

preference list. In such a case, the most popular content could still be replicated 

at each CDN, allowing for maximum flexibility and load distribution. The next most 

popular tranche of content is replicated at all but one CDN, with each specific title 

being hosted by an independently selected N out of M hosts. Additional tranches 

or tiers of decreasingly popular content are hosted with less replication, but even 

the least popular content is hosted on at least one CDN. As a specific example, 

titles ranked 1-10 are hosted at four CDNs called A, B, C and D. Titles 11-25 are 

hosted at three out of 4 CDNs, where title 11 is hosted at A, B, and C, title 12 at A, 

B and D, title 13 at A, C, and D etc.. Titles 26-50 are hosted at two CDNs, and 

titles 51 -100 are hosted at just one CDN.

[0064] In sum, techniques are disclosed for generating preference rankings in 

response to requests for streaming media content received from client devices. 

The preference rankings are used to indirectly partition streaming media content 

across different content distribution networks (CDNs). Such partitions may be 

referred to as a “soft” partition, as all of the streaming media content remains 

available from each CDN. That is, the partitioning of content across CDNs is not 

absolute, and any content item may be requested from any CDN. Doing so 

ensures that content remains available even where the preferred CDN for a given 

content item fails (or simply suffers from a period of degraded performance), while 

at the same time increasing the probability of a cache hit at the CDNs, without 

increasing the cost or the actual cache sizes of the content caches of different 

CDNs.
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[0065] While the forgoing is directed to embodiments of the present invention, 

other and further embodiments ofthe invention may be devised without departing 

from the basic scope thereof. For example, aspects of the present invention may 

be implemented in hardware or software or in a combination of hardware and 

software. One embodiment ofthe invention may be implemented as a program 

for use with a computer system. The program(s) of the program product define 

functions ofthe embodiments (including the methods described herein) and can 

be contained on a variety of computer-readable storage media. Illustrative 

computer-readable storage media include, but are not limited to: (i) non-writable 

storage media (e.g., read-only memory devices within a computer such as CD- 

ROM disks readable by a CD-ROM drive, flash memory, ROM chips or any type 

of solid-state non-volatile semiconductor memory) on which information is 

permanently stored; and (ii) writable storage media (e.g., floppy disks within a 

diskette drive or hard-disk drive or any type of solid-state random-access 

semiconductor memory) on which alterable information is stored. Such computer 

readable storage media, when carrying computer-readable instructions that direct 

the functions ofthe present invention, are embodiments ofthe present invention.

[0066] In view of the foregoing, the scope of the present invention is 

determined by the claims that follow.
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Claims:

1. A computer-implemented method for providing a client device with a 

streaming media title, the method comprising:

receiving a request for the streaming media title from the client device; and 

generating a preferences list that includes, for at least one content

distribution network (CDN), one or more links to the streaming media title and that 

ranks the links in the list by order of preference for streaming the media title to the 

client device, wherein a ranking associated with at least one of the links is based, 

at least in part, on one or more characteristics of the streaming media title.

2. The method of claim 1, wherein the streaming media title is associated with 

a library of streaming media titles and each streaming media title is assigned to a 

partition included in a plurality of partitions, each partition corresponding to a 

different CDN in a plurality of CDNs, and wherein the links in the preference list 

generated for the streaming media title assigns a highest preference to a link 

associated with a first CDN that is included in the plurality of CDNs that 

corresponds to the partition to which the streaming media title corresponds.

3. The method of claim 2, wherein the client device is configured to: 

evaluate an expected streaming performance associated with the first

CDN, and

upon determining that the expected streaming performance exceeds a 

specified threshold, retrieve the streaming media title from the first CDN via one of 

the links included in the preferences list.

4. The method of claim 2, wherein the client device is configured to: 

evaluate an expected streaming performance associated with the first

CDN, and

upon determining the expected streaming performance does not exceed a 

specified threshold, evaluate an expected streaming performance associated with 

at least a second CDN in the plurality of CDNs and identified in the preferences 

list.

5. The method of claim 4, wherein the client device is further configured to:
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upon determining that the expected streaming performance associated with

the second CDN does not exceed a second specified threshold, retrieve the

requested media title from the first CDN via one of the links included in the

preferences list.

6. The method of claim 4, wherein the client device is further configured to: 

upon determining that the expected streaming performance associated with

the second CDN exceeds a second specified threshold, retrieve the requested 

media title from the second CDN via one of the one or more links in the 

preferences list.

7. The method of claim 2, wherein a plurality of partitions includes a first 

partition corresponding to a first CDN included in the plurality of CDNs, a second 

partition corresponding to a second CDN included in the plurality of CDNs, and a 

third partition, and further comprising:

upon determining that the streaming media title is assigned to the 

first, ranking the first in the preferences list as having the highest 

preference for streaming the streaming media title,

upon determining that the streaming media title is assigned to the 

second partition, ranking the second CDN in the presences list as having 

the highest preference for streaming the streaming media title, and

upon determining the requested title is assigned to the third partition, 

ranking either the first CDN or the second CDN as having the highest 

preference for streaming the streaming media title based on a CDN 

distribution ratio.

8. The method of claim 7, wherein the third partition corresponds to a 

specified number of most frequently requested streaming media titles associated 

with the library of streaming media titles.

9. The method of claim 1, wherein each of the one or more links is associated 

with a probability value and the client device selects one of the links from which to 

stream at least a portion of the media title according to the probability values.
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10. A computer-readable storage medium storing instructions that, when 

executed by a processing unit, cause the processing unit to performing an 

operation for providing a client device with a streaming media title, the operation 

comprising:

receiving a request for the streaming media title from the client device; and 

generating a preferences list that includes, for at least one content

distribution network (CDN), one or more links to the streaming media title and that 

ranks the links in the list by order of preference for streaming the media title to the 

client device, wherein a ranking associated with at least one ofthe links is based, 

at least in part, on one or more characteristics ofthe streaming media title

11. The computer-readable storage medium of claim 10, wherein the streaming 

media title is associated with a library of streaming media titles and each 

streaming media title is assigned to a partition included in a plurality of partitions, 

each partition corresponding to a CDN in a plurality of CDNs, and wherein the 

links in the preference list generated for the streaming media title assigns a 

highest preference to a link associated with a first CDN that is included in the 

plurality of CDNs that corresponds to the partition to which the streaming media 

title corresponds.

12. The computer-readable storage medium of claim 11, wherein the client 

device is configured to:

evaluate an expected networking performance for the first CDN and 

upon determining that the expected streaming performance exceeds a

specified threshold, retrieve the streaming media title from the first CDN via one of 

the links included in the preferences list; and

upon determining the expected streaming performance does not exceed 

the specified threshold, evaluate an expected streaming performance associated 

with at least a second CDN in the plurality of CDNs.

13. The computer-readable storage medium of claim 12, wherein the client 

device is further configured to:

upon determining that the expected streaming performance associated with 

the second CDN does not exceed a second specified threshold, retrieve the
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requested media title from the first CDN via one of the links included in the

preferences list;

upon determining that the expected streaming performance associated with

the second CDN exceeds the second specified threshold, retrieve the requested

media title from the second CDN via one of the links in the preferences list.

14. The computer-readable storage medium of claim 11, wherein the plurality 

of partitions includes a first partition of streaming media titles corresponding to a 

first CDN, second first partition of streaming media titles corresponding to a 

second CDN, and a third partition of streaming media titles, and wherein the 

operation further comprises:

upon determining that the streaming media title is assigned to the 

first, ranking the first CDN in the preferences list as having the highest 

preference for streaming the streaming media title,

upon determining that the streaming media title is assigned to the 

second partition, ranking the second CDN in the presences list as having 

the highest preference for streaming the streaming media title, and

upon determining the requested title is assigned to the third partition, 

ranking either the first CDN or the second CDN as having the highest 

preference for streaming the streaming media title based on a CDN 

distribution ratio.

15. The computer-readable storage medium of claim, 14 wherein the third 

partition corresponds to a specified number of most frequently requested 

streaming media titles associated with the library of streaming media titles.

16. The computer-readable storage medium of claim 10, wherein each of the 

one or more links link is associated with a probability value and the client device 

selects one of the links from which to stream at least a portion of the media title 

according to the probability values.

17. A system, comprising: 

a processor,

a memory that includes an application configured to perform an operation

for providing a client device with a streaming media title, the operation comprising:
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receiving a request for the streaming media title from the client

device, and

generating a preferences list that includes, for at least one content 

distribution network (CDN), one or more links to the streaming media title 

and that ranks the links in the list by order of preference for streaming the 

media title to the client device, wherein a ranking associated with at least 

one of the links is based, at least in part, on one or more characteristics of 

the streaming media title.

18. The system of claim 17, wherein the streaming media title is associated 

with a library of streaming media titles and each streaming media title is assigned 

to a partition included in a plurality of partitions, each partition corresponding to a 

different CDN in a plurality of CDNs, and wherein the links in the preference list 

generated for the streaming media title assigns a highest preference to a link 

associated with a first CDN that is included in the plurality of CDNs that 

corresponds to the partition to which the streaming media title corresponds.

19. The system of claim 18, wherein the client device is configured to: 

evaluate an expected networking performance for the first CDN and 

upon determining that the expected streaming performance exceeds a

specified threshold, retrieve the streaming media title from the first CDN via one of 

the links included in the preferences list; and

upon determining the expected streaming performance does not exceed 

the specified threshold, evaluate an expected streaming performance associated 

with at least a second CDN in the plurality of CDNs and identified in the 

preferences list.

20. The system of claim 19, wherein the client device is further configured to: 

upon determining that the expected streaming performance associated with

the second CDN does not exceed a second specified threshold, retrieve the 

requested media title from the first CDN via one of the links included in the 

preferences list;

upon determining that the expected streaming performance associated with 

the second CDN exceeds the second specified threshold, retrieve the requested 

media title from the second CDN via one of the links in the preferences list.
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21. The system of claim 18, wherein the plurality of partitions includes a first 

partition of streaming media titles corresponding to a first CDN, second first 

partition of streaming media titles corresponding to a second CDN, and a third 

partition of streaming media titles, and wherein the operation further comprises:

upon determining that the streaming media title is assigned to the 

first, ranking the first CDN in the preferences list as having the highest 

preference for streaming the streaming media title,

upon determining that the streaming media title is assigned to the 

second partition, ranking the second CDN in the presences list as having 

the highest preference for streaming the streaming media title, and

upon determining the requested title is assigned to the third partition 

ranking either the first CDN or the second CDN as having the highest 

preference for streaming the streaming media title based on a CDN 

distribution ratio.

22. The system of claim 21, wherein the third partition corresponds to a 

specified number of most frequently requested streaming media titles associated 

with the library of streaming media titles.

23. A computer-implemented method for a client device to stream a media title 

associated with a library of streaming media titles, the method comprising:

sending a request for the streaming media title to a streaming media host 

server; and

receiving, from the streaming media host server, a content distribution 

network (CDN) preferences list that includes, for each of a plurality of CDNs, one 

or more links to the streaming media title and that ranks the CDNs in the list by 

order of preference for streaming the media title to the client device, wherein a 

ranking associated with at least one of the CDNs is based, at least in part, on one 

or more characteristics of the streaming media title.

24. The method of claim 23, wherein the streaming media title is associated 

with a library of streaming media titles and each streaming media title is assigned 

to a partition included in a plurality of partitions, each partition corresponding to a 

different CDN in the plurality of CDNs, and wherein the CDN preference list 

generated from the streaming media title assigns a highest preference to a first
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CDN that is included in the plurality of CDNs that corresponds to the partition to

which the streaming media title corresponds.

25. The method of claim 24, further comprising:

evaluating an expected streaming performance associated with the first

CDN;

upon determining that the expected streaming performance ofthe first CDN 

exceeds a specified threshold, retrieving the requested media title from the first 

CDN via one ofthe links included in the CDN preferences list; and

upon determining that the expected streaming performance ofthe first CDN 

does not exceed the specified threshold, evaluating an expected streaming 

performance for at least a second CDN included in the preferences list.

26. The method of claim 25, further comprising:

upon determining that the expected streaming performance ofthe second 

CDN does not exceed a second specified threshold, streaming the requested 

media title from the first CDN via one of the links included in the CDN preferences 

list;

upon determining that the expected streaming performance ofthe second 

CDN exceeds the second specified threshold, streaming the requested media title 

from the second CDN via one ofthe links included in the CDN preferences list.

27. The method of claim 23, wherein the ranking of each CDN in the 

preference list provides a probability value, and wherein the client device selects a 

CDN according to the probability values.

28



WO 2014/062581 PCT/US2013/064878

1/9



WO 2014/062581 PCT/US2013/064878

2/9

co
ο ο

Οιο

FI
G

. 2



WO 2014/062581 PCT/US2013/064878

3/9

CPU

312

-305

I/O DEVICE
TO DATA

COMMUNICATIONS 
NETWORK 120

^310 /=315

I/O DEVICE 
INTERFACE

NETWORK
INTERFACE

INTERCONNECT (BUS) 320

AUTHENTICATION 
COMPONENT 321

PREF. GENERATION 
COMPONENT 323

PARTITIONING 332

RULES

CONTENT
LIBRARY DATA 334

LICENSING
COMPONENT 327

CDN DISTRIBUTION 
RATIO 336

MEMORY 325 STORAGE 330

STREAMING MEDIA HOST SERVER

FIG. 3 105



WO 2014/062581 PCT/US2013/064878

4/9

FI
G

. 4



WO 2014/062581 PCT/US2013/064878

CPU(S)

5/9

512

505

I/O DEVICE AND DISPLAY
TO DATA

COMMUNICATIONS 
NETWORK 120

^510 /=515

I/O AND DISPLAY 
DEVICE INTERFACES

NETWORK
INTERFACE

INTERCONNECT (BUS) 520

STREAMING MEDIA 
CLIENT 521

BUFFERED MEDIA 535 

CONTENT

WEB-BROWSER 532

CDN PREFERENCE 
LIST 523

MEMORY 525 STORAGE 530

CLIENT COMPUTER SYSTEM

FIG. 5 500



WO 2014/062581 PCT/US2013/064878

6/9

605 ,600

r

STREAM
RATES

500

610^ r615^_620

CDN1 -URL1 R1 W1 

cdn2-url1 r2w2
625630^ 635

1500
CDN1 -URL1 R1 W1 

cdn2-url1 r2w2

4800
CDN1 -URL1 R1 W1 

cdn2-url1 r2w2

CDN - PREFERENCES

FIG. 6



WO 2014/062581 PCT/US2013/064878

7/9

700

START

<L^END~^)

FIG. 7



WO 2014/062581 PCT/US2013/064878

8/9

FIG. 8



WO 2014/062581 PCT/US2013/064878

9/9

TITLE
POPULARITY

UNPARTITIONED
TITLES

905

PARTITIONED
TITLES

910

TITLE IDS SORTED BY 
CURRENT TITLE POPULARITY

FIG. 9


