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CLOUD DATA PERSISTENCE ENGINE 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority to Australian Patent Application Serial No. 

2010202782, filed July 1, 2010, entitled "CLOUD DATA PERSISTENCE ENGINE," which is 

5 incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] This disclosure relates in general to cloud-based computer processing and, but not by 

way of limitation, to distribution, storage, and retrieval of data on a cloud networking 

arrangement. 

10 [0003] In a typical data hosting architecture, multiple servers may be spread over a 

geographical area. The data stored on each of these servers may be the same ( or substantially 

similar) data as that stored on each other server. A client attempting to access data hosted on 

such a system may communicate with a particular server, often the server closest to the client's 

physical location. 

15 [0004] While such an arrangement may allow the client to quickly access all data stored on the 

server system, it may not be efficient for all data to be stored on each server. Clients in different 

locations (e.g., different cities, states, countries, and/or continents) may request data that varies 

significantly by location. For example, particular data may frequently be requested by clients in 

Europe, while the same data may be infrequently requested by clients in the Americas. 

20 Therefore, if all of the data is maintained at each server, such a system may result in significant 

quantities of data being stored at servers where the data is infrequently, if at all, accessed. 

Accordingly, such a system may result in a substantial amount of data being stored at servers that 

wastes storage resources and is infrequently accessed. 

25 BRIEF SUMMARY OF THE INVENTION 

[0005] Various cloud data persistence systems and methods are described. In some 

embodiments, a client may request a data object from a server. This data object may contain a 

link to a media asset and other information linked to the video file, such as a title and duration. 

This media asset may be stored in a different location. If this first server does not have the data 

30 object stored locally, it may contact a second server to determine if it has the data object stored. 
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If the second server does not have the data object stored, it may contact a data object origin 

server, which may have all existing data objects stored. This data object origin server may then 

send the data object to the second server, which may in tum transmit the data object to the first 

server. The first server may then transmit the data object to the client. 

5 [0006] In some embodiments, a cloud data persistence system for distribution of data is 

present. The system may include a first server which stores a first plurality of data objects and is 

communicatively coupled with a plurality of cache servers. The first server may be located at a 

first location. Each of the first plurality of data objects may comprise a link to one of a plurality 

of media assets. The plurality of media assets may be stored at a second location separate from 

10 the first location. The system may include a second server that stores a second plurality of data 

objects and is configured to request a data object from the first server if the data object is not 

present in the second plurality of data objects. The second server may be one of the plurality of 

cache servers. The second server may be communicatively coupled with a first plurality of 

application servers. The system may include a third server that stores a third plurality of data 

15 objects and is configured to request the data object from the first server if the data object is not 

present in the third plurality of data objects. The third server may be one of the plurality of 

cache servers. The third server may be communicatively coupled with a second plurality of 

application servers. The system may include a fourth server that stores a fourth plurality of data 

objects and is configured to request the data object from the second server if the data object is 

20 not present in the fourth plurality of data objects. The fourth server may be one of the first 

plurality of application server. The fourth server may be configured to receive a request from a 

first client for the data object. The system may also include a fifth server that stores a fifth 

plurality of data objects and is configured to request the data object from the second server if the 

data object is not present in the fifth plurality of data objects. The fifth server may be one of the 

25 first plurality of application servers. The fifth server may be configured to receive a request 

from a second client for the data object. The system may further include a sixth server that 

stores a sixth plurality of data objects and is configured to request the data object from the third 

server if the data object is not present in the sixth plurality of data objects. The sixth server may 

be one of the second plurality of application servers. The sixth server may be configured to 

30 receive a request from a third client for the data object. The system may include a seventh server 

that stores a seventh plurality of data objects and is configured to request the data object from the 

third server if the data object is not present in the seventh plurality of data objects. The seventh 
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server may be one of the second plurality of application servers. The seventh server may be 

configured to receive a request from a fourth client for the data object. 

[0007] In some embodiments, a method for retrieving data objects using a cloud data 

persistence system configured for distribution of data is presented. The method may include 

5 receiving a first request from a client for a data object. The application center may be one of a 

plurality of application centers that communicate with a plurality of clients. The application 

center may be located at a first location. The data object may comprise a link to a media asset. 

The media asset may be stored at a second location separate from the first location. The method 

may further include determining the data object is not stored among a first plurality of data 

10 objects stored at the application center. The method may include transmitting a second request 

for the data object to a first cache server. The first cache server may be communicatively 

coupled with the plurality of application centers. The first cache server may be one of a plurality 

of cache servers. The method may include receiving the second request for the data object. The 

method may also include determining the data object is not stored among a second plurality of 

15 data objects stored at the cache server. The method may further include transmitting a third 

request for the data object to an origin server. The origin server may be communicatively 

coupled with the plurality of cache servers. The method may also include receiving the third 

request for the data object. The method may include locating the data object among a third 

plurality of data objects. The method may also include transmitting the data object linked to the 

20 third request to the cache server. The method may include receiving the data object linked to the 

third request. The method may include transmitting the data object linked to the second request. 

Also, the method may include receiving the data object linked to the second request. Further, the 

method may include transmitting the data object linked to the first request to the client. 

[0008] In some embodiments, a cloud data persistence system for distribution of data is 

25 present. The system includes a first server which stores a first plurality of data objects and is 

communicatively coupled with a second server and a third server. The first server may be 

located at a first location. Each of the first plurality of data objects may comprise a link to a 

media asset of a plurality of media assets. The plurality of media assets may be located at a 

second location. The second location may be distinct from the first location. The system may 

30 include the second server, which may store a second plurality of data objects and may be 

configured to request a data object from the first server if the data object is not present in the 
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second plurality of data objects. The second server may be communicatively coupled with a 

fourth server and fifth server. The system may include the fourth server that stores a third 

plurality of data objects and may be configured to request the data object from the second server 

if the data object is not present in the third plurality of data objects. The fourth server may be 

5 configured to receive a request from a first client for the data object. 

[0009] In some embodiments, the first plurality of data objects comprises all data objects 

present in the second plurality of data objects and the third plurality of data objects. In some 

embodiments, the third server stores a fourth plurality of data objects and is configured to request 

the data object from the first server if the data object is not present in the fourth plurality of data 

10 objects. The third server and the second server may be data persistence cache servers. The third 

server may be communicatively coupled with a sixth and seventh server. In some embodiments, 

the fifth server stores a fifth plurality of data objects and is configured to request the data object 

from the second server if the data object is not present in the fifth plurality of data objects. The 

fifth server and the fourth servers may be application servers. The fifth server may be 

15 configured to receive requests from a second client for the data object. The fifth server may be 

geographically separated from the fourth server. In some embodiments, the request from the first 

client for the data object comprises a universal resource indicator. In some embodiments, each 

of the first plurality of data objects comprise a universal resource locator and a title linked to a 

media asset of the plurality of media assets. Also, in some embodiments, data objects in the 

20 second plurality of data objects and the third plurality of data objects are at least partially 

determined based on a frequency of requests for those data objects received from clients. In 

some embodiments, data objects in the second plurality of data objects and the third plurality of 

data objects are at least partially determined based on when requests for those data objects were 

last received from clients. Further, in some embodiments, the first plurality of data objects 

25 comprises all data objects in the second plurality of data objects, the third plurality of data 

objects, the fourth plurality of data objects, and the fifth plurality of data objects. 
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PATENT 

Attorney Docket No.: 028406-000710US 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present disclosure is described in conjunction with the appended figures: 

[0011] FIG. 1 illustrates a block diagram of a media servicing system. 

[0012] FIG. 2A illustrates a block diagram of an embodiment of a kernel application center 

5 connected with application centers. 

[0013] FIG. 2B illustrates a block diagram of an alternative embodiment of a kernel 

application center. 

[0014] FIG. 3 illustrates a block diagram of an embodiment of an application center. 

[0015] FIG. 4A illustrates a block diagram of processes and objects utilized by a cloud-hosted 

10 integrated multi-node pipelining system for media ingestion. 

[0016] FIG. 4B illustrates a block diagram of processes and objects utilized by a cloud-hosted 

integrated multi-node pipelining system for media ingestion with a content delivery network. 

[0017] FIG. 4C illustrates another block diagram of processes and objects utilized by a cloud-

hosted integrated multi-node pipelining system for media ingestion with a content delivery 

15 network. 

[0018] FIG. SA illustrates a simplified block diagram of an embodiment of a cloud data 

persistence system. 

[0019] FIG. 5B illustrates another simplified block diagram of an embodiment of a cloud data 

persistence system. 

20 [0020] FIG. 6 illustrates a simplified swim diagram of an embodiment of a method for 

responding to a client request to retrieve a data object from a cloud data persistence system. 

[0021] FIG. 7 illustrates a simplified swim diagram of an embodiment of a method for 

responding to a client request to modify a data object on a cloud data persistence system. 

[0022] FIG. 8 illustrates a simplified block diagram of an embodiment of an asset management 

25 and storage system. 
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[0023] FIG. 9 illustrates another simplified block diagram of an embodiment of an asset 

management and storage system. 

[0024] FIG. 10 illustrates an embodiment of a method for retrieving data from an asset 

management and storage system. 

5 [0025] In the appended figures, similar components and/or features may have the same 

reference label. Further, various components of the same type may be distinguished by 

following the reference label by a dash and a second label that distinguishes among the similar 

components. If only the first reference label is used in the specification, the description is 

applicable to any one of the similar components having the same first reference label irrespective 

10 of the second reference label. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] The ensuing description provides preferred exemplary embodiment(s) only, and is not 

intended to limit the scope, applicability or configuration of the disclosure. Rather, the ensuing 

15 description of the preferred exemplary embodiment(s) will provide those skilled in the art with 

an enabling description for implementing a preferred exemplary embodiment. It is understood 

that various changes may be made in the function and arrangement of elements without departing 

from the spirit and scope as set forth in the appended claims. 

[0027] As opposed to storing copies of a piece of data, such as a data object that contains 

20 information linked to a media object, at each server on a system of multiple servers, it may be 

more efficient to store only data objects that are frequently and/or recently accessed by clients at 

particular servers. Such an arrangement, generally referred to as a cloud data persistence engine 

or system, may allow the data objects stored at each server to vary based on which data objects 

the server's clients are currently and/or have historically requested. Therefore, data objects 

25 stored at a first server in a first location may include some of the same data objects and some 

different data objects than data objects stored at a second server in a second location (possibly 

located in a different city, country or on a different continent than the first server). Storing only 

data objects that are frequently and/or recently accessed by clients at each server may result in 

considerable efficiencies. For example, by storing only data objects that are frequently and/or 

30 recently accessed by clients, the servers may require significantly less storage space because they 

do not need to store a potentially large amount of data objects that are infrequently accessed or 
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have not recently been accessed. A related benefit of this may be that by decreasing the amount 

of storage necessary at each server, the speed of access to the storage at the servers may be 

increased. For example, instead ofrelying on hard drives, solid state drives (which may cost 

significantly more per megabyte, but may offer improved access times) may be used for the 

5 storage at the servers. 

[0028] While a server may infrequently receive a request for a particular data object from a 

client, the server may still need to be able to fulfill such a request. Therefore, if a server is 

contacted by a client for a data object that it does not have stored locally, the server may be able 

to contact another server, which may have the requested data object stored. Such a server may 

10 be configured to satisfy multiple servers with requests for such data objects. 

[0029] While this second cache server may contain the data object requested by the client, it 

may also only store data objects that are frequently and/or recently (albeit less frequently and/or 

recently than the data stored at the first server) accessed by clients. If the second server does not 

have the data object requested by the client stored, the second server may have the ability to 

15 contact yet another server. This server, referred to as the data object origin server, may maintain 

a copy of all data objects stored on the system. Therefore, if the data object is present on the 

server system, the data object origin server is able to fulfill the request for the data. The data 

object origin server may then route the requested data to the client via the second server and the 

first server. 

20 [0030] While the above arrangement may increase efficiencies when a client requests a data 

object, a client (perhaps the same or a different client) may request to modify (including, but not 

limited to changing, adding and/or deleting) a data object. In such instances, the modification to 

the data object (assuming the client has the appropriate access rights) may be routed to the data 

object origin server by a server receiving the request from the client. The modification may be 

25 applied to the relevant data at the data object origin server. The data object origin server may 

then send a notification to other servers, or only the cache servers that have the previous version 

of the data stored, that the previous version of the data is no longer valid. These servers may in 

tum send a notification to other associated servers, or only those servers that have the previous 

version of the data stored, that the previous version of the data object is no longer valid. This 

30 may prevent a client from receiving an out-of-date version of the data no matter which server is 
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accessed by the client. The modified data residing at the origin may then propagate out to the 

other servers as requests are made by clients to those servers for the data object. 

[0031] While the above embodiments may be implemented in a variety of different systems, 

some particular embodiments may be implemented as part of a media service system. FIG. 1 is 

5 a block diagram illustrating a media servicing system 100, according to some embodiments of 

the present invention. The system may deliver media content to the end user 140 ( alternatively 

referred to as a user or a client) through a network such as the Internet 120. A media asset 

provided by a content provider 130 can be processed and indexed by cloud-hosted integrated 

multi-node pipelining system (CHIMPS) 110, and further stored on content delivery network 

10 (CDN) 150. Additionally or alternatively, the CHIMPS 110 may also be adapted to store the 

media asset. 

[0032] The media servicing system further enables a content provider 130 or other entity to 

gather information regarding user behavior during media playback. For example, a content 

provider 130 can be provided with data indicating that end users tend to stop watching a video at 

15 a certain point in playback, or that users tended to follow links associated with certain 

advertisements displayed during playback. With this data, a content provider 130 can adjust 

factors such as media content, advertisement placement and content, etc., to increase revenue 

associated with the media content and provide the end user 140 with a more desirable playback 

expenence. 

20 [0033] End user 140 can request a media asset to hear and/or see with a client program running 

on a personal computer or other electronic device connected to Internet 120. The client program 

can be, for example, a media player, browser, or other application adapted to request and/or play 

media assets. In response to a request for a media asset, the CHIMPS 110 can utilize any 

number of application centers 112 and/or kernel application center(s) 111 to provide the client 

25 program with a data object concerning the requested media asset. The data object can include 

information about the media asset, including where the media asset can be located, such as 

within the CDN 150 or within the CHIMPS 150 itself. Location information may be provided by 

Universal Resource Indicator (URI), a Universal Resource Locator (URL) or other indicator. 

During playback of the media asset, the CHIMPS 150 can collect data regarding the playback 

30 through beaconing provided by a client program executed on a device operated by the end user 

140 and/or indexing service from within the CHIMPS and/or CDN. The CHIMPS 150 can 
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subsequently provide the data and/or any analytics information derived from the data to the 

content provider 130. 

[0034] FIG. 2A is a block diagram illustrating an embodiment of a kernel application 111-1 

center connected with application centers from within the CHIMPS 110-1. The kernel 

5 application center 111-1 and application centers 112 can be geographically distant and can be 

connected via the Internet 120, wide area network (WAN), and/or other data communication 

network. Because application centers can be geographically separated, DNS services (not 

shown) can be used to allow an end user 140 to connect to the nearest available application 

center 112. The kernel application center 111-1 can connect with application centers 112 within 

10 the CHIMPS 110-1 through an internal interface 270, thereby enabling the application centers 

112 access to the various components within the kernel application center 111-1. 

[0035] Components within the kernel application center 111-1 can communicate through 

network 260 such as a local area network (LAN) and can include one or more data object origin 

servers 240 and a storage array 230 with which data objects and/or media assets may be stored 

15 and distributed. The storage array 230 may also be utilized by services running on processing 

server(s) 220 and/or transcoding server(s) 250 that may require temporary or long-term storage. 

Kernel server 210 can utilize processing server(s) 220, transcoding server(s) 250 to provide 

various functional capabilities to the CHIMPS 110. 

[0036] For example, as described in more detail below, the CHIMPS 110-1 can provide 

20 transcoding service for media assets provided by a content provider 130 for syndication. Such a 

service can allow a content provider 130 to upload a media asset to an application center 112, 

after which the application center 112 would notify the kernel server 210 that the media asset has 

been uploaded. The kernel server can then notify services running on the processing server(s) 

220 of the upload. These services can utilize transcoding server(s) to transcode the media asset, 

25 which can then be moved to a CDN and/or stored locally by storage array 230 and data object 

origin server(s) 240. Services running on the processing server(s) 220 can also update the 

associated data object stored by the storage array 230 and data object origin server(s) 240. 

[0037] FIG. 2B is a block diagram illustrating an alternative embodiment of a kernel 

application center 111-2. In addition to the components of the embodiment of FIG. 2A, this 

30 embodiment incorporates an application center 112 within the kernel application center 111-2. 

The application center 112 incorporated within kernel application center 111-2 may be located at 
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or near the other components of the kernel application center 111-2, and can be communicatively 

connected to the other components via network 260. The incorporated application center 112 

can therefore have faster access to kernel application center functionality because it does not 

need to communicate over long distances. In consideration of this advantage, it will be 

5 understood that the CHIMPS 110 can include multiple kernel centers with one or more 

application centers incorporated therein. Additionally or alternatively, components of the kernel 

application center may be incorporated into one or more application centers 112 in the CHIMPS 

110 to provide quicker access to certain functionality. 

[0038] FIG. 3 is a block diagram illustrating an embodiment of an application center 112. The 

10 application center 112 can include caching server(s) 330 and a storage array 310 for storing and 

distributing data objects of media assets requested by end users through end user interface 360. 

Caching server(s) 330 and storage array 310 can also be used to collect, process, and/or store 

metrics information from beaconing data, media chunk requests, and/or other data sources, 

including data collected through end user interface 360. The application center can further 

15 include ingest server(s) 320 for ingesting uploaded media assets from a content provider 130 

through a content provider interface 370. The media assets may be stored on the storage array 

310. As with the kernel application center 111, the components of the application center 112 can 

be communicatively linked through a network 340, such as a LAN. The application center can 

further include an internal interface 350, providing a communication link from the application 

20 center to the rest of the CHIMPS. It is through internal interface 350, for example, that media 

assets stored on storage array 310 can be made available to a kernel application center 111 for 

services such as transcoding. 

[0039] FIG. 4A is a block diagram 400-1 of processes and objects utilized by the CHIMPS 

110 for media ingestion, according to some embodiments. Although FIG. 4A further indicates 

25 the physical systems in which my execute or store these processes and objects, it will be 

understood that the processes and objects disclosed may be executed or stored on more than one 

system, including systems not disclosed in FIG. 4A. In other words, the processes and objects 

shown in FIG. 4 allow for a variety of implementations through one or more of hardware, 

software, firmware, microcode, etc. 

30 [0040] Media can be ingested into the CHIMPS 110 when a content provider 130 uploads a 

media asset to ingestion server(s) 410 in an application center 112 by utilizing a client 405. The 
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client 405 can be a stand-alone application or browser based, for example, and can communicate 

with ingest server(s) 410 through an application programming interface (API) configured for the 

ingestion of media assets. 

[0041] Ingest server(s) 410 can communicate with devices in the kernel application center 111 

5 executing programs such as kernel server 425 and file replication service 430. The kernel server 

425 can be configured to organize the workflow among services such as transcoding 440 file 

system manager 435, and other services 445 (e.g., analytics, dynamic API, etc.) Upon a 

particular event, for example, the kernel server can be configured to notify the relevant services 

of the event, causing the services to process tasks associated with the event. 

10 [0042] The file replication service 430, under direction of the kernel server 425, can coordinate 

the movement of the media assets between services. For example, retrieving the uploaded media 

asset from the ingest server(s) 410 and storing it on the file archive 450, or retrieving transcoded 

media assets from transcoding server(s) 460 and storing them in the media asset origin. 

[0043] The data object updater 420 keeps the data object origin 415 up to date in response to 

15 any changes in the system. When, for example, a file is uploaded, transcoded, and stored in 

media asset origin 455, the location and other metadata concerning the transcoded media assets 

need to be created or updated in the data object origin 415 to ensure an end user who accesses 

the object in the data object origin 415 has the correct information regarding the related media 

asset. Because the data object updater 420 receives updates from the kernel server 425 (which is 

20 notified when a transcoded media asset is stored in the media asset origin 455, the system 

ensures the data objects in the data object origin are constantly up to date. 

[0044] The upload of a media asset to the ingest server(s) 410, as described above, can provide 

an example of how the kernel server 425 may coordinate workflow. For instance, in response to 

the upload, the ingest server(s) 410 can notify the kernel server 425 that a media asset has been 

25 uploaded. The kernel server 425 informs the file replication service 430 of the uploaded media 

asset, and the file replication service 430 moves the uploaded media asset into the file archive 

450 and notifies the kernel server 425 of the move. In response, the kernel server 425 notifies 

the file replication service 430, the file system manager 435, and the transcoding master 440 of 

the move. The file replication service 430 then will know it can delete the uploaded media asset 

30 from the ingest server(s) 410, the file system manager 435 will update the file system 

accordingly, and the transcoding master 440 will notify transcoding service(s) 460 of different 
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transcoding tasks to be performed. The transcoding service(s) 460 can then retrieve the uploaded 

media asset from the file archive 450 to create transcoded media assets. The transcoding 

service(s) 460 notify the kernel server 425 once transcoding is complete, and the kernel server 

425 relays this information to the file replication service 430. The file replication service 425 

5 then takes the transcoded media assets from the transcoding services 460 and moves them to the 

media asset origin 455. Once the file replication service 430 notifies the kernel server 425 of the 

move, the kernel server 425, in tum, notifies the file replication service 430 and the data object 

updater 420. The data object updater 420, which updates the data object origin 415 accordingly, 

and the file replication service 430 deletes the transcoded media assets from the transcoding 

10 services 460. 

[0045] The modular nature of the system enables all tasks associated with an event to be 

completed quickly. As illustrated in the example above, workflow relating to a particular event, 

such as a media asset upload, can be spread among the various services simultaneously. 

Moreover, because the system's modularity enables it to be scaled to accommodate differing 

15 hardware capacities, and because the system can be configured to dynamically allocate hardware 

to different services according to the needs of the system, the speed of completing tasks relating 

to a particular event can further be increased. 

[0046] FIG. 4B is a block diagram 400-2 of processes and objects utilized by the CHIMPS 

110 for media ingestion, according to some embodiments. Block diagram 400-2 may be 

20 substantially similar to block diagram 400-1 except for the use of a content delivery network in 

place of media asset origin 455. Therefore, in block diagram 400-2, as opposed to the media 

assets being stored at media asset origin 455, they are stored at content data network 150, which 

may be operated and maintained by a third party. 

[0047] FIG. 4C is a block diagram 400-3 of processes and objects utilized by the CHIMPS 

25 110 for media ingestion, according to some embodiments. Block diagram 400-3 may be 

substantially similar to block diagram 400-1 except for the use of a content delivery network in 

conjunction with media asset origin 455. Here, in block diagram 400-3, media assets may reside 

at either media asset origin 455, content delivery network 150, or both. 

[0048] Embodiments of such systems may include other systems that manage various requests 

30 from end users. One such system may be a cloud data persistence system. Referring to FIG. 

SA, a simplified block diagram of an embodiment of a cloud data persistence system 500-1 is 
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illustrated. Such a system may allow for information, such as data objects, to be efficiently 

distributed to multiple of clients. 

[0049] Some embodiments of cloud data persistence systems are used to distribute data objects 

that are linked to media assets. A data object may contain information pertinent to the data 

5 object it is linked to. For example, a data object may include details about a media asset and 

permissions for the media asset. More specifically, a data object may include fields containing: 

a title, keywords linked to the data object, the data object's (and/or associated media asset's) date 

of creation, the duration of the associated media asset, the file formats the associated media asset 

is available in, and what clients are permitted to access and/or edit the data object and/or the 

10 media asset. The data object may also contain a link to its associated media asset. Such a link 

may be in the form of a universal resource indicator, such as a universal resource locator. Other 

information may also be stored as a data object that is linked to a media asset. A media asset 

may represent many different forms of media, such as an audio file (in a variety of different 

formats), a video file, or a flash file, to name only a few examples. 

15 [0050] Important to note, data objects may be stored separate from media assets. For example, 

a data object containing information linked to a particular media asset may not be stored in the 

same location as the media asset. For example, a media asset may reside on multiple servers that 

are part of a content delivery network, while the data object that contains information about the 

media asset is stored in some other location, possibly on some other network. Also, while the 

20 above discusses linked media assets, it should be understood that data objects may also be linked 

to other assets, files or data that do not constitute media. In such embodiments, the data objects 

may contain different fields of data. 

[0051] Such a cloud data persistence system may be used to distribute data objects to one or 

several clients, but also may be used to distribute data objects to thousands of clients 

25 geographically disbursed worldwide. In the embodiment of cloud data persistence system 500-1, 

three levels of servers are present: a data object origin server 510, data persistence cache servers 

520, and application centers 530. These application centers are in contact with one or more 

clients 540. It should be understood that each application center may include one or more 

servers. For example, an application center may be represented by application center 112 of 

30 FIG. 3. Alternatively, an application center may comprise a single server. While three levels of 

servers are present in the illustrated embodiment, it should be understood that greater or fewer 
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levels of servers may be present in other embodiments. Also, various servers may be integrated 

into the same server. For example, one server may serve as both an application center 530 and a 

data persistence cache server 520. It should also be understood that the terms of "application 

center," "data persistence cache server," and "data object origin server" are used to simplify the 

5 nomenclature used to describe the various levels of the cloud data persistence system 500-1, and 

these terms should not be interpreted as limiting the functionality of their respective identified 

servers. 

[0052] Referring to cloud data persistence system 500-1, clients 540 make requests for data 

objects from application centers 530 via one or more networks. In the illustrated embodiment, 

10 only two clients (540-1 and 540-2) are present to maintain simplicity; many more clients 

(possibly representing many end users) may be possible. These clients may communicate with 

the same application center (530-1) or may communicate with different application centers (530-

1 and 530-2). Further, because a client at one time interacts with a particular application center, 

at a different time, the same client may interact with a different application center. For example, 

15 if a particular application center is experiencing a heavy client load, possibly caused by a large 

number of clients attempting to access it, a client may be routed to another application center. 

[0053] The client may make a request for a particular data object to the application center. 

This request may be made via a network, such as the Internet. Other networks may also be 

possible, such as a private intranet. The request for the data object may involve the client 

20 sending a universal resource indicator (URI) to an application center. A URI may take a variety 

of different formats. In particular, the URI may be in the form of a universal resource locator 

(URL). However, it should be understood that other forms ofURis may also be possible. 

[0054] If client 540-1 transmits a URI to application center 530-1, application center 530-1 

may have the data object linked to the URI stored locally. If this is the case, application center 

25 530-1 may respond by sending the data object identified by the URI back to client 540-1. 

However, application center 530-1 may have only a subset of the data objects linked to valid 

URis stored locally. This may be due to space constraints at application center 530-1. For 

example, if clients infrequently request particular data objects, it may be inefficient to distribute 

those data objects to each of application centers 530. 

30 [0055] If the data object requested by client 540-1 is not present at application center 530-1, 

application center 530-1 may contact another server to retrieve it. Application center 530-1 may 
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be located in close proximity to data persistence cache server 520-1, or may be geographically 

separated from data persistence cache server 520-1. Application center 530-1 may communicate 

with data persistence cache server 520-1 directly (such as a direct cable connection) or may 

communicate using a network. This network may be a private network, such as a local area 

5 network or dedicated connection between the servers, or may use a public network, such as the 

Internet. Such a request from application center 530-1 to data persistence cache server 520-1 

may include the URI received by application center 530-1 from client 540-1. In some 

embodiments, data persistence cache servers supply multiple application centers with requested 

data objects. In cloud data persistence system 500-1, data persistence cache server 520-1 serves 

10 two application centers (530-1 and 530-2), while data persistence cache server 520-2 serves two 

different application centers (530-3 and 530-4). It should be understood that a data persistence 

cache may serve a varying number of application centers. For example, a data persistence cache 

may serve 20 application centers. 

[0056] It should also be recognized that the connections between application centers 530 and 

15 data persistence cache servers 520 are dynamic. If a particular data persistence cache is offline, 

busy, or otherwise unavailable, an application center may be able to route requests to a different 

data persistence cache server. For example, referring to cloud data persistence system 500-1, if 

data persistence cache 520 became unavailable, application center 530-1 may be able to route a 

request for the data object to data persistence cache server 520-2. 

20 [0057] While, if application centers 530 and data persistence caches 520 communicate via a 

network ( e.g., the Internet), the servers may be located anywhere a network connection is 

available worldwide. In some embodiments, a data persistence cache is located near a group of 

application centers. For example, if a region, such as New England, contains two application 

centers for each state, a single data persistence cache may be located in or near New England to 

25 serve these twelve scattered application centers. Having the data persistence cache located near 

a group of application centers may decrease communication latency when an application center 

and the data persistence cache communicate. 

[0058] Upon receiving a request for a data object from application center 530-1, data 

persistence cache server 520-1 may determine if it has the data object stored. If it does, data 

30 persistence cache server 520-1 may send the data object to application center 530-1, which may, 

in tum, send the data object to client 540-1. Upon the application center receiving the data 

15 

Petitioner Disney Ex-1004, 0016



object, it may store the data object to be able to satisfy requests from the same or a different 

client for the same data object at a future time. Application center 530-1 may make a 

determination as to whether the data object should be stored or not. For example, the 

determination may be based on the frequency it is receiving requests for the data object from 

5 clients 540. If the data object is frequently being requested by clients 540, application center 

530-1 may store the data object. This may only occur if the data object is being requested more 

frequently than some other data objects. For example, only the 10,000 most frequently requested 

data objects may be stored by the application center. In some embodiments, application center 

530-1 may store the most recently requested data objects. Therefore, this data object would be 

10 stored at application center 530-1, and possibly some other data object would no longer be stored 

at application center 530-1. In some embodiments, different application centers use different 

mechanisms to determine what data objects to store. Also, in some embodiments, some data 

objects are always stored at application centers 530. This may occur if a particular data object 

has been labeled a "high priority" ( or some equivalent thereof). 

15 [0059] However, if data persistence cache server 520-1 determines that it does not have the 

data object requested by client 540-1 stored, data persistence cache server 520-1 may contact 

another server. Data persistence cache server 520-1 may contact another server called a data 

object origin server 510. Data object origin server 510 may supply data persistence cache 

servers 520 with various data objects. In cloud data persistence system 500-1, data object origin 

20 server 510 is shown as communicating with two data persistence cache servers 520. However, it 

should be understood that data object origin server 510 may communicate with one, three, or 

some other number of data persistence cache servers. For example, data object origin server 510 

may communicate with more, such as 20 data persistence cache servers. 

[0060] Data object origin server 510 may be physically located with one or more data 

25 persistence cache servers. Data object origin server 510 may communicate directly, such as via a 

direct connection, with data persistence cache servers. For example, in cloud data persistence 

system 500-1, data object origin server 510 communicates directly with the data persistence 

cache server 520-2. Data object origin server 510 may also communicate via any of the 

previously mentioned networks with a data persistence cache server. Again, referring to cloud 

30 data persistence system 500-1, data object origin server 510 communicates with data persistence 

cache server 520-1 via a network, possibly the Internet. 
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[0061] While application centers 530 and data persistence cache servers 520 may store only a 

subset of the various data objects that clients 540 may request, data object origin server 510 may 

store all data objects that exist on system 5 00-1. In other words, if a data object requested by a 

client is not present on data object origin server 510, the data object may not exist on system 

5 500-1. 

[0062] Just as a data persistence cache server may be physically located near a group of 

application centers, data object origin server 510 may be located near the group of data 

persistence cache servers 520. Returning to the previous regional example, if a data persistence 

cache server is located in New England, another may be located near New York City, another 

10 near Washington DC, and perhaps yet another near Chicago. If one data object origin server is 

servicing these data persistence cache servers, it may be located in a central location to serve 

them all. In some embodiments, the data object origin server may be co-located with one or 

more data persistence cache servers. Alternatively, a data object origin server may be located at 

a separate physical location from any other database servers. 

15 [0063] A request from the data persistence cache server 520-1 to data object origin server 510 

may comprise a URI. This may be the same URI that was sent from client 540-1 to application 

center 530-1, then from application center 530-1 to data persistence cache server 520-1. In some 

embodiments, the URI transmitted from data persistence cache 520-1 may be in a different 

format than the other URis. Upon receiving the URI, data object origin server 510 may locate 

20 the data object the URI is linked to. The data object origin 510 may then transmit the data object 

to data persistence cache server 520-1. The data persistence cache server 520-1 may make 

determination as to whether to store the data objects as previously described in relation to 

application center 530-1. For example, the determination of whether to store the data object may 

be based on the frequency with which application centers 530 request the data object from data 

25 persistence cache server 520-1. In some embodiments, data persistence cache server 520-1 

stores the most recently requested data objects. Data persistence cache server 520-1 may then 

transmit the data object to application center 530-1. Application center 530-1 may then transmit 

the data object to client 540-1. 

[0064] If the data object was first found at application center 530-1, the latency between client 

30 540-1 's request and client 540-1 receiving the data object may be the shortest. If instead the data 

object is first found at data persistence cache server 520-1, the latency may be longer. Finally, if 
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the data object is only found at data object origin 510, the latency may be the longest. 

Regardless of where the data object is found, client 540-1 may be unaware of whether 

application center 530-1, a data persistence cache server 520-1, or the data object origin server 

510-1, had the data object stored. 

5 [0065] While only one data object origin server 510 is present in cloud data persistence system 

500-1, more than one data object origin server is possible. For example, a data object origin 

server may serve a particular region, such as a country. Other data object origin servers may be 

present in other countries. These data object origin servers may each maintain identical or 

substantially similar data sets. Therefore, a data object found on one data object origin server 

10 would also be found on other data object origin servers. While not illustrated in FIG. 5, it should 

be understood that data object origin server 510 may be in communication with a kernel server 

and/or a data object updater server, such as illustrated in FIGs. 2A, 2B, and 4. Such an 

arrangement may allow multiple different data object origin servers to have the same data objects 

stored. 

15 [0066] While the above deals with the communication flow in cloud data persistence system 

500-1 when a client requests a data object, a client (or, of course, an end user acting through the 

client) may also modify a data object. Depending on the data object, a request for a particular 

data object may be much more frequent than a request to modify a data object. By way of 

example only, consider a video clip posted on an online video sharing website. If the video is 

20 popular, data object information, such as the video owner's name and the video's title may be 

sent to millions of different clients. However, the end user who created the video may only 

infrequently modify (via a client) data linked to the video. 

[0067] In cloud data persistence system 500-1, the request to modify a data object, as opposed 

to a request to retrieve a data object, may be treated differently. If client 540-1 makes a request 

25 to application center 530-1 to modify a data object, application center 530-1 (assuming the end 

user and/or client has the proper permissions to modify the data object) may route the request to 

Kernel application center 111. Kernel application center 111 may then update data object origin 

server 510, and any other data object origin servers requiring updating. Application center 530-1 

may not modify or delete the previous version of the data object if it is stored at application 

30 center 530. The data object may then be updated at data object origin server 510. While the data 

object may now be updated at data object origin server 510, other application centers and data 
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persistence cache servers, such as application center 530-3 and data persistence cache 520-1, 

may still have out-of-date versions of the data object. Therefore, upon receiving the 

modifications to the data object, kernel application center 111 may notify data persistence cache 

servers 520 to no longer use their current version of the data object. This may involve data 

5 persistence cache servers 520 deleting their out-of-date version of the data object. In tum, data 

persistence cache servers 520 may notify application centers 530 to similarly no longer use their 

out-of-date versions of the data object. This may again involve the out-of-date data object being 

deleted from application centers 530. Application centers 530 and data persistence cache servers 

520 may not receive a new version of the data object along with the notification. Rather, 

10 application centers 530 and data persistence cache servers 520 may only receive the new version 

of the data object if a client requests the data object and it is routed through the data persistence 

cache server and the application center. 

[0068] If kernel application center 111 knows what particular data objects are stored at data 

persistence cache servers 520, a notification may only be sent to the data persistence cache server 

15 known to store the data object. Similarly, if data persistence cache servers 520 know what data 

objects are stored at application centers 530, only those application centers that have out-of-date 

versions of the data object may be sent the notification. In some embodiments, whenever a 

modification of a data object is received at kernel application center 111, all data persistence 

cache servers 520 are notified, which in tum notify all application centers 530. In such 

20 embodiments, therefore, kernel application center 111 does not need to be aware of what 

particular data objects are stored at data persistence cache servers 520, and data persistence 

cache servers 520 do not need to be aware of what data objects are stored at application centers 

530. In some embodiments, Kernel application center 111 notifies both data persistence cache 

servers 520 and application centers 530. 

25 [0069] Referring to FIG. SB, a simplified block diagram of an embodiment of a cloud data 

persistence system 500-2 is illustrated. Such a system may be substantially similar to system 

500-1. However, system 500-2 illustrates how various components of system 500-2 may be 

geographically separated. It should be understood that each component of system 500-2 may be 

located at a different physical location. In some embodiments, client 540-1 is at location 5 51 

30 while client 540-2 is at location 552. Locations 551 and 552 may be close together, possibly 

only several miles if both client 540-1 and client 540-2 are using the same application center. 

19 

Petitioner Disney Ex-1004, 0020



Clients 540-1 and 540-2 may be a great distance apart if they are using different application 

centers. 

[0070] Application centers 530-1, 530-2, 530-3, and 530-4 are shown as different locations of 

553, 554, 555, and 556, respectively. Application centers that use the same data persistence 

5 cache server may be closer together than application centers that do not use the same data 

persistence cache servers. Further, as those with skill in the art will recognize, while an 

application server may not be physically closer to a data persistence cache server, due to the state 

of the network, communication between two physically further apart servers may be quicker. In 

such a case, the further servers may be in communication as opposed to the closer servers. 

10 [0071] Data persistence cache server 520-1 is at another location 557. Location 557 may be 

near or in between location 553 and 554. Data persistence cache server 520-2 is at the same 

location 555 as application center 530-3. In some embodiments, data persistence cache server 

520-2 is at some other location from application center 530-3. Finally, data object origin server 

510 may be present at location 558. This location may be at the kernel application center 111, or 

15 may be separate. 

[0072] FIG. 6 illustrates a simplified swim diagram of an embodiment of a method 600 for 

responding to a client request to retrieve a data object. Such a method may use a cloud data 

persistence system, such as cloud data persistence system 500-1 of FIG. SA. Alternatively, 

method 600 may rely on some other cloud data persistence system. The embodiment of FIG. 6 

20 presupposes that the data object requested is not present on either the application center 

contacted or the cache server contacted. As described in relation to FIG. 5, if one of those 

servers has the data object stored, the method would differ. 

[0073] At block 605, a request may be sent from a client to an application center. The client 

may be client 540-1 or 540-2 of FIG. 5, or may represent some other client. Similarly, the 

25 application center of FIG. 6 may represent any of application centers 530 of FIG. 5, or may 

represent some other application center. The request sent by the client at block 605 of FIG. 6 

may contain a URI, possibly a URL, indicating the data object the client is requesting to retrieve. 

The request may be received either directly or via a network (such as the Internet), by the 

application center at block 610. 
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[0074] At block 615, the application center may determine if the data object requested by the 

client is present. This may involve the application center searching a storage device, such as a 

hard drive or solid state drive for the data object. In some embodiments, the application center 

may search an index of all the data objects it has stored. In this embodiment, the application 

5 center does not have the data object stored locally. Therefore, at block 620, a request is sent 

from the application center to a data persistence cache server. This request may contain the same 

URI received in the request from the client at block 610. The cache server contacted may be a 

data persistence cache server 520 of FIG. 5A or may represent some other data persistence cache 

server. The request by the application center may be received by the data persistence cache 

10 server either directly or via a network (such as the Internet) at block 625. 

[0075] At block 630, the data persistence cache server may determine if the data object 

requested by the application center is present. This may involve the data persistence cache 

server searching a storage device, such as a hard drive or solid state drive for the data object. In 

some embodiments, the data persistence cache server may search an index of all the data objects 

15 it has stored. In this embodiment, the data persistence cache server does not have the data object 

stored locally. Therefore, at block 635, a request is sent from the data persistence cache server to 

an data object origin server. This request may contain the same URI received in the request from 

the client at block 610 and the application center at block 625. The data object origin server 

contacted may be the data object origin server 510 of FIG. SA or may represent some other data 

20 object origin server. The request by the data persistence cache server may be received by the 

object origin server either directly or via a network (such as the Internet) at block 640. 

[0076] At block 645, the data object origin server may locate the data object requested. 

Assuming that the URI indicating the data object initially requested by the client is valid, the 

object origin server should have the data object stored. If the data object is not present at the 

25 data object origin server, the data object may be assumed to not exist or that the URI submitted 

by the client is incorrect. To retrieve the data object, the data object origin server may search 

one or more local (or remote) hard drives or solid state drives for the data object. In some 

embodiments, the data object origin server uses an index to locate and retrieve the data object. 

Once the data object has been located, at block 650 it may be transmitted to the data persistence 

30 cache server. 
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[0077] At block 655, the data persistence cache server may receive the data object. The data 

received from the data object origin server may also include the URI sent in the request at block 

635. At block 660, the data persistence cache server may determine whether the data object 

should be stored locally. If the data persistence cache server stores the most recent data objects 

5 requested, the data persistence cache server may always store the data object when it is received 

from the data object origin server. If the data persistence cache server stores only the most 

frequently requested data objects, the data object may not be stored if other data objects are 

requested more frequently. As those with skill in the art will understand, there are other factors 

that may be used to determine whether the data object is stored locally at the data persistence 

10 cache server. As another example, the decision as to whether to store the data object may be 

based partially on frequency of requests for the data object and partially on the data object being 

recently requested. Whether the data object is stored or not, it may be transmitted to the 

application center at block 665. 

[0078] At block 670, the application center may receive the data object. This may be the same 

15 application center that received the request at block 610. The data received from the data 

persistence cache server may also include the URI sent in the request by the application center at 

block 620. At block 675, the application center may determine whether the data object should be 

stored locally. The factors used to consider whether to store the data object may be the same or 

different from the factors used at the data persistence cache server. Again, if the application 

20 center stores the most recent data objects requested, the application center may always store data 

objects received from the data persistence cache server. If the application center stores only the 

most frequently requested data objects, the data object may not be stored if other data objects are 

requested by clients more frequently. As those with skill in the art will understand, there are 

other factors that may be used to determine whether the data object is stored locally at the 

25 application center. As another example, the decision as to whether to store the data object may 

be based partially on the frequency of requests for the data object and partially on the data object 

being recently requested. Whether the data object is stored by the application center or not, it 

may be transmitted to the client at block 680. Further, to be clear, while it is possible that the 

same data objects may be stored at both the application and the data persistence cache server, it 

30 is likely that at least some different data objects would be stored at the application center than the 

data persistence cache server. Also, the amount of storage available at the application center and 

the data persistence cache server may vary. For example, the data persistence cache server may 
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have 50% more storage space than an application center; therefore, it may store roughly 50% 

more data objects. 

[0079] At block 685, the client may receive the data object it requested at block 605. The 

client may be unaware as to whether the data object was present at the application center, the 

5 data persistence cache server, or the data origin cache server. To the client, it may appear as if 

the client is only interacting with the application center. 

[0080] While FIG. 6 illustrates an embodiment of a method of a client requesting a data object, 

assuming the associated end user and/or client has the proper permissions, the end user and/or 

client may also request to modify a data object. FIG. 7 illustrates a swim diagram of a simplified 

10 embodiment of a method 700 of a client modifying a data object. Method 700 may be conducted 

using a cloud data persistence system, such as cloud data persistence system 700 of FIG. 7. 

Alternatively, some other cloud data persistence system may be used. A modification may 

involve changing data within a data object, adding data to a data object, or deleting the data 

object, to name only a few examples. It should be understood that in some embodiments, 

15 modifications to data objects are much less frequent than requests to retrieve a data object. At 

block 705, the client may transmit the request to modify the data object to an application center. 

The client may be the same client as detailed in FIG. 6 or client 540-1 or 540-2 of FIG. 5. 

Alternatively, the client of FIG. 7 may represent some other client. Similarly, the application 

center of FIG. 7 may represent the application center of FIG. 6 or any of application centers 530 

20 of FIG. 5. The application center of FIG. 7 may also represent some other application center. 

[0081] At block 710, the application center may receive the modification request from the 

client. The request may include a URI (such as a URL) indicating the data object the client is 

attempting to modify. The request may also include the changes, additional information, or an 

indication to delete the data object. If the application center determines it has the data object 

25 stored, at block 712, the application center may delete or block access to the data object so that 

other clients do not receive an out-of-date version of the data object. At block 715, a 

modification request may be transmitted from the application center to the data object origin 

server. This transmission may be routed from the application to the data object origin server 

( e.g., not through the data persistence cache server) or may be relayed by the data persistence 

30 cache server. 
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[0082] At block 720, the kernel application center may receive the modification request. The 

kernel application center may be the kernel application center 111 of FIG. 5A and FIG. 5B. 

Kernel application center of FIG. 7 may also represent a data object origin server. After 

receiving the modification request at block 720, the kernel application center may modify the 

5 data object at one or more data object origin servers at block 725. Data object origin servers may 

always have a stored version of the data object because they maintain a stored version of all valid 

data objects. If the data object origin server does not have a version of the data object requested 

to modify, it may be assumed that the data object does not exist or the URI sent by the client at 

block 705 was incorrect. The modification at block 725 may involve the data object being 

10 changed, having data added to it, or the data object being deleted. At block 730, the modified 

data object may be stored at one or more data object origin servers. Obviously, if the data object 

is being deleted, this step may not occur. 

[0083] At block 735, a notification may be sent by the kernel application center that indicates 

that the data object has been modified. Of note, this modification may not contain the modified 

15 data object, but rather may contain only information that indicates that previous versions of the 

data object are no longer valid. This notification may be transmitted to one or more data 

persistence cache servers at block 735. While the swim diagram illustrates the notification being 

sent to only one data persistence cache server, this is for simplicity only. The notification 

transmitted by the data object origin server may be sent to all data persistence cache servers (or 

20 those data persistence cache servers that have the previous version of the data object stored) in 

communication with the data object origin server. The notification may only be sent to those 

data persistence cache servers that have an out-of-date version of the data object if the kernel 

application center is aware of which data persistence cache servers have the data object stored. 

This may be possible if the data persistence cache server informs the kernel application center of 

25 its stored data objects. Alternatively, all data persistence caches may receive the notification 

whether they have the previous version of the data object stored or not. If a data persistence 

cache server does not have the previous version of the data object stored, the data persistence 

cache server may ignore the notification. 

[0084] At block 740, the notification may be received by the data persistence cache server. 

30 The data persistence cache server may be the data persistence cache server of FIG. 6 and/or one 

of the data persistence cache servers 520 of FIG. 5. The data persistence cache server of FIG. 7 

may represent some other data persistence cache server. At block 745, the previous version of 
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the data object may be cleared ( e.g., deleted or otherwise removed) from the data persistence 

cache server. At block 750, a notification that the previous version of the data object is out-of­

date may be transmitted to one or more application centers at block 750. 

[0085] While the swim diagram illustrates the notification being sent to only one application 

5 center, this is for simplicity only. The notification transmitted by the data persistence cache 

server may be sent to all application centers ( or those application centers that have the previous 

version of the data object stored) in communication with the data persistence cache server. The 

notification may only be sent to those application centers that have the previous version of the 

data object if the data persistence cache server is aware of which application centers have the 

10 previous version of the data object stored. This may be possible if the application center informs 

the data persistence cache server (or the kernel application center and/or data object origin 

server) of its stored data objects. Alternatively, all application centers may receive the 

notification whether they have the previous version of the data object stored or not. If an 

application center does not have the previous version of the data object stored, the application 

15 center may ignore a received notification. The notification sent by the data persistence cache 

server at block 740 may represent the same or a similar notification as sent by the kernel 

application center at block 735. For example, the notification may include a URI (possibly a 

URL) indicating the data object that has been modified. At block 760, the previous version of 

the data object may be cleared ( e.g., deleted or otherwise demarked) from the application center. 

20 [0086] While the previous description and figures relate to how a client may retrieve and 

modify a data object, the storage of data objects and other data and/or files may be more 

sophisticated than one server (e.g., an application center, a data persistence cache server, or a 

data object origin server) having one or more storage devices. For example, each application 

center of FIG. 5A may represent a cluster of servers, each connected to one or more storage 

25 devices, such as hard drives or solid state drives. FIG. 8 illustrates a simplified block diagram of 

an embodiment of an asset management and storage system 800 showing how various storage 

devices may be used to store data and accessed. While such a system may be used to store data 

objects, such as those data objects described previously, such a system may be used to store other 

forms of electronic data, such as media assets. A media asset may be a media file, such as a 

30 movie file, audio file, or image file. 
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[0087] In system 800, multiple different storage devices 810 may be present. These storage 

systems may be servers having storage devices such as hard drives and/or solid state drives. 

Storage devices 810-1 and 810-2 may be located in the same location or may be physically in 

different locations. Each of storage devices 810 may be linked to one or more storage servers 

5 820. These storage servers 820 may not be physical servers, but rather logical abstractions of 

servers. Alternatively, they may be physically separate servers. Various storage drives on 

storage servers 820 may be mapped to different storage devices. For example, storage server 

820-1 is linked to one storage drive. The storage drive is present on storage device 810-1. 

Storage server 820-1 and storage device 810-1 may be directly connected, or may be connected 

10 via a network, such as the Internet or a private corporate intranet. In system 800, storage server 

820-2 has two storage drives. A first storage drive of storage server 820-2 maps to storage 

device 810-1. Therefore, in the embodiment of the system 800, storage device 810-1 is mapped 

to two different storage servers. If, for example, storage device 810-1 has storage totaling 1 TB, 

this gross storage space may be divided among the two drives mapped to it. For example, the 

15 storage drive of storage server 820-1 mapped to storage device 810-1 may be 300 GB. And, the 

storage drive of storage device 820-2 mapped to storage device 810-1 may be 700 GB. Storage 

server 820-2 may also have another storage drive. The storage drive is mapped to storage device 

810-2. In this embodiment, storage device 810-2 is only mapped to storage server 820-2. 

Therefore, if storage device 810-2 has total storage of 2 TB, this entire space may be mapped to 

20 the linked storage drive of storage server 820-2. Or, as another example, only 800 GB of storage 

device 810-2 may be mapped to storage server 820-2, with the remaining space being free space. 

[0088] Also, different storage devices may require communication, such as requests for media 

assets, to use varying protocols. For example, storage device 810-1 may be configured to accept 

file requests via FTP. However, storage device 810-2 may use MICROSOFT WINDOWS's file 

25 copy. It should also be understood that other protocols may also be used. Therefore, depending 

on what protocol a storage device accepts, the storage server links to that storage device may be 

configured to communicate in the proper protocol. This may be especially useful if the entity 

operating the storage servers 820 does not control one or more of storage devices 810. For 

example, storage device 810-2 may be maintained by some other entity, such as a client of the 

30 entity operating system 800. 

[0089] Other logical abstractions that may be present are storage systems 830. Each storage 

system, such as storage system 830-1, may contain one or more than one storage servers 820. In 
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system 800, storage system 830-1 includes two storage servers: 820-1 and 820-2. Therefore, a 

request for a particular piece of data, such as a media asset, received at storage system 830-1, 

may not indicate the storage server or the storage device where the media asset is located. 

However, upon receiving the request (possibly in the form of a URL) at storage system 830-1 for 

5 the media asset, it may be able to determine the appropriate storage server to contact. In tum, 

this storage server may be able to determine the appropriate storage drive (linked to a storage 

device) that contains the media asset. The logical abstractions of the storage system 830 and 

storage servers 820 may reside on the same physical servers as storage devices 810. In some 

embodiments, storage server 820 and storage system 830 are present on different servers than 

10 storage device 810. Also, storage systems 830 may be physically separate servers from storage 

servers 820. 

[0090] Yet another logical abstraction may be present as storage cloud 840. Storage cloud 840 

may include one or more storage systems. Storage cloud 840 may be viewed as the entire 

storage system. In system 800, storage cloud 840 includes storage systems: 830-1 and 830-2. 

15 Therefore, storage cloud 840 may contain all storage systems 830 in system 800. In tum, storage 

systems 830 may contain all storage servers 820 in system 800. Further, storage server 820 may 

be linked to all storage devices 810 in system 800. 

[0091] FIG. 9 illustrates another simplified block diagram of an embodiment of a system 900 

showing how various storage devices may be accessed. System 900 of FIG. 9 may represent the 

20 same system as system 800 of FIG. 8, or may represent a different system. In the embodiment 

illustrated, system 900 contains four storage devices: 910-1, 910-2, 910-3, and 910-4. These 

storage devices may represent any of storage devices 810 of FIG. 8. Also, these storage devices 

may represent different storage devices. As will be understood to those with skill in the art, 

fewer or more storage devices may also be possible. In the illustrated embodiment, storage 

25 device 910-1 and storage device 910-2 are illustrated as being operated by first entity 915. First 

entity 915 may be the entity that operates other portions of system 900, or is a client of the entity 

that operates other portions of system 900. These storage devices, 910-1 and 910-2, may be co­

located with one or more storage servers 920, or may be geographically separated. Further, 

storage device 910-1 and storage device 910-2 may be present at the same location, or may be 

30 geographically separated. Storage device 910-3 may be operated by a second entity 916. In 

some embodiments, the second entity 916 may be a client of the first entity. In system 900, 

storage device 910-3 may communicate with other systems 917 of the second entity 916. 
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Therefore, while storage servers 920 may be able to access storage device 910-3, client system 

917 may also access and/or modify data stored on storage device 910-3. Storage device 910-4 is 

illustrated as part of a third entity 918. This entity may be an entity that sells or leases storage on 

their system. While FIG. 9 illustrates four storage devices operated by various entities, those 

5 skilled in the art will recognize that this arrangement is merely for exemplary purposes. Many 

other arrangements of storage devices, operated by one or more entities may be possible. 

[0092] Whether operated by three different entities, as illustrated, or by one entity, storage 

devices 910 may communicate with multiple storage servers 920. System 900 includes four 

storage servers: 920-1, 920-2, 920-3, and 920-4. The storage servers 920, which may be logical 

10 abstractions, may communicate with the various storage devices 910 via a direct connection 

(such as 920-1 to storage device 910-1) or via a network (such as 920-2 to storage device 910-3). 

The network may be a network such as the Internet or a private corporate intranet. One storage 

server may be mapped to one storage device, for example, in FIG. 9, storage server 920-1 only 

has one storage drive mapped to storage device 910-1. A storage device may also be mapped to 

15 multiple storage servers, for example, in FIG. 9, storage servers 920-2 and storage server 920-4 

are both mapped to storage device 910-3. Also, one storage server may be mapped to multiple 

storage devices. For example, storage server 920-4 is mapped to storage device 910-3 and 

storage device and 910-4. 

[0093] Also, storage servers 920 may communicate with storage devices 910 via a variety of 

20 different protocols. For example, the format ofrequests to some storage devices may be FTP, 

while others may be MICROSOFT WINDOWS file copy. Other protocols may also be possible. 

Therefore, any request for data or a media asset that is received by storage servers 920 does not 

need to indicate the appropriate protocol to retrieve the file or media asset from the appropriate 

storage device. 

25 [0094] As in FIG. 8, one or more than one storage servers may be mapped to a storage system 

930. Storage systems 930 may represent the same storage systems as storage systems 830 of 

FIG. 8. Alternatively, storage systems 930 may represent some other storage systems. In system 

900 of FIG. 9, storage servers 920-1 and storage server 920-2 are mapped to storage system 930-

1. Storage system 930-1 may communicate directly with the storage server (such as the 

30 connection between storage system 930-1 and storage server 920-1) or may use a network (such 

as the connection between storage system 930-1 and storage server 920-2). In system 900, 
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storage system 930-2 may communicate with two storage servers: 920-3 and 920-4. While in 

system 900 storage systems 930 are shown as communicating with two storage servers each, 

those with skill in the art will recognize that a storage system may also communicate with one or 

more than two storage servers. 

5 [0095] Storage systems 930 may make up storage cloud 940. Storage cloud 940 may represent 

the same storage cloud as storage cloud 840 of FIG. 8. Alternatively, storage cloud 940 may 

represent some other storage cloud. Therefore, storage cloud 940 may be viewed as including 

storage systems 930, storage servers 920, and storage devices 910. 

[0096] Other systems may interact with various components of storage cloud 940. For 

10 example, a content data network 960 may communicate with storage system 930-1. If the client 

requests the media asset from content data network 960 (CDN) that the CDN does not have 

stored ( a cache miss), the content data network 960 may request the media asset from storage 

system 930-1. Storage system 930-1 may then contact the appropriate storage server 920, which 

may, in tum, retrieve the media asset via the correct protocol from the appropriate storage 

15 device. From the viewpoint of CDN 960, it may appear that the media asset is stored at storage 

system 930-1. While CDN 960 is shown only interacting with storage system 930-1, it should be 

understood that this is for simplicity only. Multiple CDN's may communicate with storage 

system 930-1. Further, CDN's may also communicate with storage system 930-2. 

[0097] While CDN 960 may communicate with storage system 930-1, file replication service 

20 950 may communicate directly with storage servers 920. File replication service 950 may be 

responsible for distributing various media assets to storage server 920 that need to be stored for 

possible future retrieval. While file replication service 950 is shown as connected to only storage 

server 920-1, it should be understood that file replication service 950 may be in communication 

with multiple storage servers 920. Besides file replication service 950, other services may 

25 interact directly with storage server 920. 

[0098] FIG. 10 illustrates a simplified embodiment of a method for retrieving data (such as a 

media asset) from a storage cloud system. Such a method may be used in conjunction with a 

storage cloud system such as system 800 of FIG. 8, or system 900 of FIG. 9. The method 1000 

may also be used in conjunction with some other storage cloud system. At block 1010, a request 

30 may be received for a piece of data, such as a media asset. Such a request may be received from 

an entity such as a content data network or some other entity accessing the storage cloud. 
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[0099] At block 1015, if the storage cloud contains more than one storage system, the 

appropriate storage system that contains the data requested may be identified. At block 1020, a 

request for the data may be sent to the appropriate storage system. At block 1025, the request 

may be received at the appropriate storage system. At block 1030, the storage system may 

5 determine the appropriate storage server that stores the data requested. Such a determination 

may involve an index being searched by the storage system to determine which storage server to 

contact. If the storage system only has one link to a storage server, such a determination may not 

be necessary. At block 1035, the request for the data may be sent to the appropriate storage 

server. This request may be received by the storage server at block 1040. At block 1045, a 

10 storage server may determine the appropriate storage device that stores the requested data. This 

step may not be necessary if only one storage device is linked to the storage server. At block 

1050, the storage server may send a request for the data to the appropriate storage device. This 

request may be formatted using the appropriate protocol for the storage device receiving the 

request. 

15 [0100] At block 1055, the request may be received at the appropriate storage device in the 

appropriate protocol. The storage device may then retrieve the appropriate data. At block 1060, 

the requested data may be transmitted from the storage device and received at the storage server 

at block 1065. The storage server may then transmit the requested data at block 1070, the 

requested data is then received by the storage system at block 1075. At block 1080, the 

20 requested data may be transmitted from the storage system to the requesting party, in this case 

the CDN. 

[0101] It should be noted that the methods, systems, and devices discussed above are intended 

merely to be examples. It must be stressed that various embodiments may omit, substitute, or 

add various procedures or components as appropriate. For instance, it should be appreciated 

25 that, in alternative embodiments, the methods may be performed in an order different from that 

described, and that various steps may be added, omitted, or combined. Also, features described 

with respect to certain embodiments may be combined in various other embodiments. Different 

aspects and elements of the embodiments may be combined in a similar manner. Also, it should 

be emphasized that technology evolves and, thus, many of the elements are examples and should 

30 not be interpreted to limit the scope of the invention. 
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[0102] Specific details are given in the description to provide a thorough understanding of the 

embodiments. However, it will be understood by one of ordinary skill in the art that the 

embodiments may be practiced without these specific details. For example, well-known circuits, 

processes, algorithms, structures, and techniques have been shown without unnecessary detail in 

5 order to avoid obscuring the embodiments. This description provides example embodiments 

only, and is not intended to limit the scope, applicability, or configuration of the invention. 

Rather, the preceding description of the embodiments will provide those skilled in the art with an 

enabling description for implementing embodiments of the invention. Various changes may be 

made in the function and arrangement of elements without departing from the spirit and scope of 

10 the invention. 

[0103] Also, it is noted that the embodiments may be described as a process which is depicted 

as a flow diagram or block diagram. Although each may describe the operations as a sequential 

process, many of the operations can be performed in parallel or concurrently. In addition, the 

order of the operations may be rearranged. A process may have additional steps not included in 

15 the figure. Furthermore, embodiments of the methods may be implemented by hardware, 

software, firmware, middleware, microcode, hardware description languages, or any combination 

thereof. When implemented in software, firmware, middleware, or microcode, the program code 

or code segments to perform the necessary tasks may be stored in a computer-readable medium 

such as a storage medium. Processors may perform the necessary tasks. 

20 [0104] Having described several embodiments, it will be recognized by those of skill in the art 

that various modifications, alternative constructions, and equivalents may be used without 

departing from the spirit of the invention. For example, the above elements may merely be a 

component of a larger system, wherein other rules may take precedence over or otherwise 

modify the application of the invention. Also, a number of steps may be undertaken before, 

25 during, or after the above elements are considered. Accordingly, the above description should 

not be taken as limiting the scope of the invention. 
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WHAT IS CLAIMED IS: 

1 1. A cloud data persistence system for distribution of data, the cloud data 

2 persistence system comprising: 

3 a first server which stores a first plurality of data objects and is communicatively 

4 coupled with a plurality of cache servers, wherein: 

5 the first server is located at a first location; 

6 each of the first plurality of data objects comprise a link to one of a 

7 plurality of media assets; and 

8 the plurality of media assets are stored at a second location separate from 

9 the first location; 

10 a second server that stores a second plurality of data objects and is configured to 

11 request a data object from the first server if the data object is not present in the second plurality 

12 of data objects, wherein: 

13 the second server is one of the plurality of cache servers; and 

14 the second server is communicatively coupled with a first plurality of 

15 application servers; 

16 a third server that stores a third plurality of data objects and is configured to 

17 request the data object from the first server if the data object is not present in the third plurality 

18 of data objects, wherein: 

19 the third server is one of the plurality of cache servers; and 

20 the third server is communicatively coupled with a second plurality of 

21 application servers; and 

22 a fourth server that stores a fourth plurality of data objects and is configured to 

23 request the data object from the second server if the data object is not present in the fourth 

24 plurality of data objects, wherein: 

25 the fourth server is one of the first plurality of application server; and 

26 the fourth server is configured to receive a request from a first client for 

27 the data object; 

28 a fifth server that stores a fifth plurality of data objects and is configured to 

29 request the data object from the second server if the data object is not present in the fifth plurality 

30 of data objects, wherein: 

31 the fifth server is one of the first plurality of application servers; and 
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32 the fifth server is configured to receive a request from a second client for 

33 the data object; 

34 a sixth server that stores a sixth plurality of data objects and is configured to 

35 request the data object from the third server if the data object is not present in the sixth plurality 

36 of data objects, wherein: 

3 7 the sixth server is one of the second plurality of application servers; and 

38 the sixth server is configured to receive a request from a third client for the 

39 data object; and 

40 a seventh server that stores a seventh plurality of data objects and is configured to 

41 request the data object from the third server if the data object is not present in the seventh 

42 plurality of data objects, wherein: 

43 the seventh server is one of the second plurality of application servers; and 

44 the seventh server is configured to receive a request from a fourth client 

45 for the data object. 

1 2. The cloud data persistence system of claim 1, wherein the second location 

2 comprises a content delivery network. 

1 3. The cloud data persistence system of claim 1, wherein: 

2 data objects in the second plurality of data objects are at least partially determined 

3 based on when requests for those data objects were last received at the second server; 

4 data objects in the third plurality of data objects are at least partially determined 

5 based on when requests for those data objects were last received at the third server; 

6 data objects in the fourth plurality of data objects are at least partially determined 

7 based on when requests for those data objects were last received at the fourth server; 

8 data objects in the fifth plurality of data objects are at least partially determined 

9 based on when requests for those data objects were last received at the fifth server; 

10 data objects in the sixth plurality of data objects are at least partially determined 

11 based on when requests for those data objects were last received at the sixth server; and 

12 data objects in the seventh plurality of data objects are at least partially 

13 determined based on when requests for those data objects were last received at the seventh 

14 server. 
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1 4. The cloud data persistence system of claim 1, wherein the first plurality of 

2 data objects comprises all data objects in the second plurality of data objects, the third plurality 

3 of data objects, the fourth plurality of data objects, the fifth plurality of data objects, the sixth 

4 plurality of data objects, and the seventh plurality of data objects. 

1 5. A cloud data persistence system for distribution of data, the cloud data 

2 persistence system comprising: 

3 a first server which stores a first plurality of data objects and is communicatively 

4 coupled with a second server and a third server, wherein: 

5 the first server is located at a first location; 

6 each of the first plurality of data objects comprises a link to a media asset 

7 of a plurality of media assets; 

8 the plurality of media assets is located at a second location; and 

9 the second location is distinct from the first location; 

10 the second server stores a second plurality of data objects and is configured to 

11 request a data object from the first server if the data object is not present in the second plurality 

12 of data objects, wherein the second server is communicatively coupled with a fourth server and 

13 fifth server; and 

14 the fourth server stores a third plurality of data objects and is configured to 

15 request the data object from the second server if the data object is not present in the third 

16 plurality of data objects, wherein the fourth server is configured to receive a request from a first 

17 client for the data object. 

1 6. The cloud data persistence system of claim 5 wherein the first plurality of 

2 data objects comprises all data objects present in the second plurality of data objects and the third 

3 plurality of data objects. 

1 7. The cloud data persistence system of claim 5, wherein the third server 

2 stores a fourth plurality of data objects and is configured to request the data object from the first 

3 server if the data object is not present in the fourth plurality of data objects, wherein: 

4 the third server and the second server are data persistence cache servers; 

5 and 
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6 the third server is communicatively coupled with a sixth and seventh 

7 server. 

1 8. The cloud data persistence system of claim 5, wherein the fifth server 

2 stores a fifth plurality of data objects and is configured to request the data object from the second 

3 server if the data object is not present in the fifth plurality of data objects, wherein: 

4 the fifth server and the fourth servers are application servers; and 

5 the fifth server is configured to receive requests from a second client for 

6 the data object; and 

7 the fifth server is geographically separated from the fourth server. 

1 9. The cloud data persistence system of claim 5 wherein the request from the 

2 first client for the data object comprises a universal resource indicator. 

1 10. The cloud data persistence system of claim 5 wherein each of the first 

2 plurality of data objects comprise a universal resource locator and a title linked to a media asset 

3 of the plurality of media assets. 

1 11. The cloud data persistence system of claim 5, wherein data objects in the 

2 second plurality of data objects and the third plurality of data objects are at least partially 

3 determined based on a frequency ofrequests for those data objects received from clients. 

1 12. The cloud data persistence system of claim 5, wherein data objects in the 

2 second plurality of data objects and the third plurality of data objects are at least partially 

3 determined based on when requests for those data objects were last received from clients. 

1 13. The cloud data persistence system of claim 5, wherein the first plurality of 

2 data objects comprises all data objects in the second plurality of data objects, the third plurality 

3 of data objects, the fourth plurality of data objects, and the fifth plurality of data objects. 

1 14. A method for retrieving data objects using a cloud data persistence system 

2 configured for distribution of data, the method comprising: 

3 receiving, by an application center, a first request from a client for a data object, 

4 wherein: 
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5 the application center is one of a plurality of application centers that 

6 communicate with a plurality of clients; 

7 the application center is located at a first location; 

8 the data object comprises a link to a media asset; and 

9 the media asset is stored at a second location separate from the first 

10 location; 

11 determining, by the application center, the data object is not stored among a first 

12 plurality of data objects stored at the application center; 

13 transmitting, by the application center, a second request for the data object to a 

14 first cache server, wherein: 

15 the first cache server is communicatively coupled with the plurality of 

16 application centers; and 

17 the first cache server is one of a plurality of cache servers; 

18 receiving, by the cache server, the second request for the data object; 

19 determining, by the cache server, the data object is not stored among a second 

20 plurality of data objects stored at the cache server; 

21 transmitting, by the cache server, a third request for the data object to an origin 

22 server, wherein the origin server is communicatively coupled with the plurality of cache servers; 

23 receiving, by the origin server, the third request for the data object; 

24 locating, by the origin server, the data object among a third plurality of data 

25 objects; 

26 transmitting, by the origin server, the data object linked to the third request to the 

27 cache server; 

28 receiving, by the cache server, the data object linked to the third request; 

29 transmitting, by the cache server, the data object linked to the second request; 

30 receiving, by the application center, the data object linked to the second request; 

31 and 

32 transmitting, by the application center, the data object linked to the first request to 

33 the client. 

1 15. The method of claim 14 further comprising, after receiving the first data 

2 object from the origin server, storing, by the cache server, the first data object. 
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1 16. The method of claim 14 further comprising, after receiving the first data 

2 object from the cache server, storing, by the application center, the first data object. 

1 17. The method of claim 14 wherein the cache server is located at a third 

2 location. 

1 18. The method of claim 14 wherein the first request for the data object 

2 comprises a universal resource indicator. 

1 19. The method of claim 14, wherein data objects in the first plurality of data 

2 objects and the second plurality of data objects are at least partially determined based on when 

3 requests for those data objects were last received from clients. 

1 20. The method of claim 14, wherein the third plurality of data objects 

2 comprises all data objects in the first and the second pluralities of data objects. 
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PATENT 

Attorney Docket No.: 028406-000710US 

ABSTRACT OF THE DISCLOSURE 

Various cloud data persistence systems and methods are described. In some 

embodiments, a client may request a data object from a server. This data object may contain a 

link to a media asset and other information linked to the video file, such as a title and duration. 

This media asset may be stored in a different location. If this first server does not have the data 

object stored locally, it may contact a second server to determine if it has the data object stored. 

If the second server does not have the data object stored, it may contact a data object origin 

server, which may have all existing data objects stored. This data object origin server may then 

send the data object to the second server, which may in tum transmit the data object to the first 

server. The first server may then transmit the data object to the client. 

63128000 vl 
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WHAT IS CLAIMED rs: 

1. A cloud data persistence system for distribution of data, the cloud data 

2 persistence system comprising: 

3 a first server which stores a first plurality of data objects and is communicatively 

4 coupled ,vith a plurality of cache servers, wherein: 

5 the first server is located at a first location; 

6 each of the first plurality of data objects comprise n link to one of a 

7 plurality of media assets; and 

8 the plurality of media assets are stored at a second location separate from 

9 the first location; 

JO a second server that stores a second plurality of data objects and is configured to 

1 ! request a data object from the first server if the data object is not present in the second plurality 

12 of data objects, wherein: 

13 the second server is one of the plurality of cache servers; and 

14 the second server is communicatively coupled with a first plurality of 

15 appiication servers; 

16 a third server that stores a third plurality of data objects and is configured to 

17 request the data object from the first server if the data object is not present in the third plurality 

18 of data objects, wherein: 

19 the third server is one of the plurality of cache servers; and 

20 the third server is communicatively coupled with a second plurality of 

21 application servers; and 

22 a fourth server that stores a fourth plurality of data objects and is configured to 

23 request the data object from the second server if the data object is not present in the fourth 

24 plurality of data objects, wherein: 

25 the fourth server is one of the first plurality of application server; and 

26 the fourth server is configured to receive a request from a first client for 

27 the data object; 

28 a fifth server that stores a fifth plurality of data objects and is configured to 

29 request the data object from the second server if the data object is not present in the fifth plurality 

30 of data objects, wherein: 

31 the fifth server is one of the first plurality of application servers; and 

32 
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32 the fifth server is configured to receive a request from a second client for 

33 the data object; 

34 a sixth server that stores a sixth plurality of data objects and is configured to 

35 request the data object from the third server if the data object is not present in the sixth plurality 

36 of data objects, wherein: 

37 the sixth server is one of the second plurality of application servers; and 

38 the sixth server is configured Lo receive a request from a third client for the 

39 data object; and 

40 a seventh server that stores a seventh plurality of data objects and is configured to 

41 request the data object from the third server if the data object is not present in the seventh 

42 plurality of data objects, wherein: 

43 the seventh server is one of the second plurality of application servers; and 

44 the seventh server is configured to receive a request from a fourth client 

45 for the data object. 

2. The cloud data persistence system of claim 1, wherein the second location 

2 comprises a content delivery network. 

3. The cloud data persistence system of claim 1, wherein: 

2 data objects in the second pluraiity of data objects are at least partially determined 

3 based on when requests for those data objects were last received at the second server; 

4 data objects in the third plurality of data objects are at least partially determined 

5 based on when requests for those data objects were last received at the third server; 

6 data objects in the fourth plurality of data objects are at least partially determined 

7 based on when requests for those data objects were last received at the fourth server; 

8 data objects in the fifth plurality of data objects are at least partially determined 

9 based on when requests for those data objects were iast received at the fifth server; 

10 data objects in the sixth plurality of data objects are at least partially determined 

l l based on when requests for those data objects were last received at the sixth server; and 

12 data objects in the seventh plurality of data objects are at least partially 

13 determined based on when requests for those data objects were last received at the seventh 

14 server. 
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4. The cloud data persistence system of claim J, wherein the first plurality of 

2 data objects comprises all data objects in the second plurality of data objects, the third plurality 

3 of data objects, the fourth plurality of data objects, the fifth plurality of data objects, the sixth 

4 plurality of data objects, and the seventh plurality of data objects. 

5. A cloud data persistence system for distribution of data, the cloud data 

2 persistence system comprising: 

3 a first server which stores a first plurality of data objects and is communicatively 

4 coupled with a second server and a third server, wherein: 

5 the first server is located at a first location; 

6 each of the first plurality of data objects comprises a link to a media asset 

7 of a plurality of media assets; 

8 the plurality of media assets is located at a second location; and 

9 the second locaLion is distinct from the first location; 

i O the second server stores a second plurality of data objects and is configured to 

11 request a data object from the first server if the data object is not present in the second plurality 

12 of data objects, wherein the second server is communicatively coupled with a fourth server and 

13 fifth server; and 

14 the fourth server stores a third plurality of data objects and is configured to 

15 request the data object from the second server if the data object is not present in the third 

16 plurality of data objects, wherein the fourth server is configured to receive a request from a first 

17 client for the data object 

6. The cloud data persistence system of claim 5 wherein the first plurality of 

2 data objects comprises all data objects present in the second plurality of data objects and the third 

3 plurality of data objects. 

7. The cloud dala persistence system of claim 5, wherein the third server 

2 stores a fourth plurality of data objects and is configured to request the data object from the first 

3 server if the data object is not present in the fourth plurality of data objects, wherein: 

4 the third server and the second server are data persistence cache servers; 

5 and 
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6 the third server is communicatively coupled with a sixth and seventh 

7 server. 

8. The cloud data persistence system of claim 5, wherein the fifth server 

2 stores a fifth plurality of data objects and is configured to request the data object from the second 

3 server if the data object is not present in the fifth plurality of data objects, wherein: 

4 the fifth server and the fourth servers are application servers; and 

5 the fifth server is configured to receive requests from a second client for 

6 the data object; and 

7 the fifth server is geographically separated from the fourth server. 

9. The cloud data persistence system of claim 5 wherein the request from the 

2 first client for the data object comprises a universal resource indicator. 

10. The cloud data persistence system of claim 5 wherein each of the first 

2 plurality of data objects comprise a universal resource locator and a title linked to a media asset 

3 of the plurality of media assets. 

11. The cloud data persistence system of claim 5, wherein data objects in the 

2 second plurality of data objects and the third plurality of data objects are at least partially 

3 determined based on a frequency of requests for those data objects received from chents. 

12. The cloud data persistence system of claim 5, wherein data objects in the 

2 second plurality of data objects and the third plurality of data objects are at least partially 

3 determined based on when requests for those data objects were last received from clients. 

13. The cloud data persistence system of claim 5, wherein the first plurality of 

2 data objects comprises all data objects in the second plurality of data objects, the third plurality 

3 of data objects, the fourth plurality of data objects, and the fi1lh plurality of data objects. 

l 4. • A method for retrieving data objects using a cloud data persistence system 

2 configured for distribution of data, the method comprising: 

3 

4 wherein: 

receiving, by an application center, a first request from a client for a data object, 
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5 the application center is one of a plurality of application centers that 

6 communicate with a plurality of clients; 

7 the application center is located at a first location; 

8 the data object comprises a link to a media asset; and 

9 the media asset is stored at a second location separate from the first 

l O location; 

11 determining, by the application center, the data object is not stored among a first 

12 plurality of data objects stored at the application center; 

13 transmitting, by the application center, a second request for the data object to a 

14 first cache server, wherein: 

15 the first cache server is communicatively coupled with the plurality of 

16 application centers; and 

l 7 the first cache server is one or a plurality of cache servers; 

18 receiving, by the cache server, the second request for the data object; 

19 determining, by the cache server, the data object is not stored among a second 

20 plurality of data objects stored at the cache server; 

21 transmitting, by the cache server, a third request for the data object to an origin 

22 server, wherein the origin server is communicatively coupled with the plurality of cache servers; 

23 receiving, by the origin server, the third request for the data object; 

24 locating, by the origin server, the data object among a third plurality of data 

25 

26 

objects; 

27 cache server; 

transmitting, by the origin server, the data object linked to the third request to the 

28 receiving, by the cache server, the data object linked to the third request; 

29 transmitting, by the cache server, the data object linked to the second request; 

30 receiving, by the application center, the data object linked to the second request; 

31 and 

32 transmitting, by the application center, the data object linked to the first request to 

33 the client. 

15. The method of claim 14 further comprising, after receiving the first data 

2 object from the origin server, storing, by the cache server, the first data object. 
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16. The method of claim 14 further comprising, after receiving the first data 

2 object from the cache server, storing, by the application center, the first data object. 

17. The method of claim 14 wherein the cache server is located at a third 

2 location. 

18. The method of claim 14 wherein the first request for the data object 

2 comprises a universal resource indicator. 

19. The method of claim 14, wherein data objects in the first plurality of data 

2 objects and the second plurality of data objects are at least partialJy determined based on vvhen 

3 requests for those data objects were last received from clients. 

20. The method of claim 14, wherein the third plurality of data objects 

2 comprises all data objects in the first and the second pluraiities of data objects. 

21. A cloud data persistence system for dist1ibution of data substantially as 

2 herein described. 

22. A method for retrieving data objects using a cloud data persistence system 

2 configured for distribution of data substantiaily as herein described. 
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Bigtable: A Distributed Storage System for Structured Data 

Fay Chang, Jeffrey Dean, Sanjay Ghemawat, V/ilson C Hsieh, DeboniJ1 A. \Vallach 

f\-'like Bu.rn31NS, Tushar Chandra, A.ndrew· fikes, Robert E. Gruber 

Google, Inc. 

Abstract 
Hi~!;tabl¢ is a distributed &totao-e svstc1n for rnan:12'inu .... • ~ •4~: ·.. ~.• ... ·--•;_~:•·v 

~tructure.d dau1 that is desigt~ed to S{)a.le to H very 1arg1J 
siz,e: pe~abytes or data acro::c:s thcn.rsunds of <'.orrnn,xlit\•' 
~crv·ers, tv1"arP31 orqfccts ~H c;oog!c store data ~n B~~~<-,r(hle: l ..., . .... . ~--- . ..L,e. ,..., • .1. ~ 

in.eluding. \.veh inde:xing.J (}Dogie E-arth, ~'1d (Jt.3ogle Fi~ 
rtance. 'These applications p]acc. very difft~r-ent dexnand:s 
on Bigtabk, both in t(:.rm~ of data ~ize (fm,:n URL$ to 
web piiges m satelHtc inmgery) ,md latency n;;qtiiE·ements 
ffrorn backer:J. bulk processinR to rea1~tinif". dat;~ ~~-rvir~.Q \ 
Dt~spitc: these varied demand,~ Bigu.ble h;1s s;;c~:e;;sft;i°l;: 
provided a fleJdb]e~ high·.,pt!rforrnance. solution for al! of 
thtse. (Jooglc product~. ln thJ~ paper vve-describc the ~dn1~ 
pk~ dau1 rnodel provide-d by l3igt~1bl::~ \:Vhich give~ cEent& 
dynarnil": control O\.•\!-r i.:J~ita lavout and forn1Ht and lVe. cte .. 
scribe the de:>ign und ·iff~ptei~e~rita:tion of B'(g~able~ 

1 fotnHlucHon: 

Over the. hs, two and a haff vears W\~ have desi.,1ied 
' ~ .,,. • :::::- ',,l'-J 

onpk:ffi,~ntett <tnd d~:ptoyed a dhaributed ~torage sy8ten-1 
i<:ir managing stn,ctumd dat:: at Gnogle called Bil!tat,le. 
Big;ubk: is designed to reliably sc<iie ,<i 1x•12.b);es of 
data and thou.:sands of nu1ch~nes .. Bigti~bte has ach~evect 
several goats'. \Vide apphcub;lir:y~ scalabHitJ\ high per­
fonnance~ and high avaiiabHEty. BigtHbi.e is us-ed by 
more than sixty Google products and pr()jecLs, includ­
ing Googl~ /\nalytics~ l1oog]e Financet Orkut"; Person­
alized Search, \Vdtely, and Google Earth.. The;;e prod­
ucts use Big,able for a varidy of den:mndhig workloa-ds, 
wfad1 rnnge from. thrnughput-•oriented batch-processing 
jobs to !.-itency-sensitivc serving of data w end users. 
·rhe Bigtabie clusters u~ed by the.,se produ{;ts span a wide 
range of configurations .. fron1 a handful io thousands of 
s.::.~rve~, and .store up to severn! hundred mrnbyk8 of data. 

[n rnany v/;.1y~. :Bigtab}e re~en1b1e~ a d:u.ab.ast~: it ~~H~re~ 
~nany i1nplernenuttion :-strategies \vHh d.atab.a..'\e:s. Pural­
]ci datab~es t 14j z3nd n1ain-...rnen1ory databa~t!B [ 13} ha,,.:e 

l""••••••---'-'-'-_,_,_,_,_,_,_,._., __ .. ~~HO __ _ 

j To t-1.p-j}Ctu· in osm W06 j 
:.............. .. ~ .. ~, ....... __ ,_ ..... ,_,_,.,. ____ ~, ..... ◄ 

achie\,..ed scak.t.bihty iltHi higb perfonr~ance. btH Blgtahle 
prO\/idetr a different interface than &uch svsterris. Bi f~t~bk: 
doe,; not support a. full rdatii)nal datft r:iodd; ima;·:J.d, it 
provide.s clients wjth a simple i'.ht<t rnodd thm s,ipport8 
dynan1ic c:onn:u:t O\··er daU't. ~ayoot and forrnnt~ ;:1nd al-, 
lmvs dients to reason abow. the locafay propertles of th,:: 
dttta repret:t!,!lted in the underI:yJ.ng storagt!~ Data 1-, ~n­
dexed us!ng n)\V and co]ur11n nan1es tltat can be axbhxnrv 
,~tring~. B1g:ttib]e a]so treats chita as un~n-terpreted string;~ 
although dkiw; often st~rfalize v,;;rions forms of stn;c. 
turcd und sen1i.--stnJctured dn\a into these strings. l°;iients 
ca.n control the: locrdity of tht~h data through cart.-:fu'f 
chokes in ,lwir schemas. Fifia!ly, Bigt~tble schema p«"' 
rarneter,; let ciients dynamica!ly control ,vhether to serve 
datti out of rnen)\lty or frorn disk. 

Section 2 describes the d,i~a modd in mme det,.n!, mid 
Secrion 3 provides ari overview of the diem APL Sec~ 
,km 4 bricfiy describes the und.er!ying Goog!e infmstruc­
n.m:: on which Bigtabie depends. Section 5 describe5 tb.~ 
fundarnentars of· the Bigtuble irrip~ement~uion, and Stc.­
tlon 6 desct-ibes .sorne of the refinen1ents thut \1/e tnade 
ro hnprove 13.igtabte\,. perforrnaJ,oe. Stttlon 7 provldt~s 
ineasuroment:; of Bigtabie.'s perfonmm:::e, \"Ve descnbe 
seven~l cxatnples of hovl Bigta.ble is used ar Googk~. 
in Sectjon 8:- and di:;cr~~s sorne lesson~ \V'e lea.need in 
~lef~igning and support:.ng Bigtable in .Section 9, Fi~ 
nally, Section 1 {} dtscribe~ r,!hlted \,yorki ilnd. St:ction J ! 
presents our conclusions. 

2 DataMorlel 

A Bigtabk is a sparse, distributz'..d, persistent multi-­
dimensional sorted map. The m,ip is indexed by ::: rnw 
key, co!umn key; and a timestamp; each vnlue l.r. tht\ map 
ls an uninterpreted array of byte.s. 

(row:string, co!umn:string, fane:int64) ---• string 
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"contents:" l'anchor:cnn.si .COiT: tf 

"com.cnn.www" 

Figure l: A slice of mi example table that smt,;s \Veb pages. Thi rnw JHlJtle- i~ a re.vcrs,~d URL. The contents collimn family cen· 
ttiin') the page conk~nts, and tl1e anchor tohun:i famHy contain!S ihc text of any· .an;..~hors that ren.:rt~ncc the pagi;< t~·f•.{N'-s hotnc page 
i~ rtfcn::.nced by bt.xh the: SfJOrt~ Hlu::,;trated atid the. N!Y~.k:.ok htnnc pagr~ .. $t.) the n1,v crmtain"'~ colurnns ruu11cd anchoc:cnnsLcorn 
ar:d anch\JLmyJootcca:~ E:ach iinchor- c;t;H has. one vcrsfr)n; the corncnts coj:Jrr'H1 hilS. (hnx~ vcr~ions. at :!}rn~:st~unp~ f.:,· 1 t:n :ind l.f;. 

We sct!kd on this data model aflet examining a variety 
of potentlaJ uses of a .Bigtabh.~-... fike systern. t\s c~ne con~ 
cret.e ~xurnple th8.t drov,~· sorne of o~H .. design <leci~i,)n.s., 
~uppqse -.;;-:. \Varn to ke-ep a copy "-.:fa lur,..:;;e criUcc:t.ion of 
v~-·eb pngt~:~ r3nd related ·informtttion :that cou!d be• used by 
many ditforrnt projects; kt i.is ct:ll this p3.rticubr tabk 
the Wehwbfo. ln \VdJtable, we would ,mo URLs as row 
keyti, 'i~trious aspects of v,et~ p~ge.:; a8.co!tun.n nan1es:- arid 
stwe the ~~ontents of the web pages in tile contents: coJ­
unm under the timestamps when they were fetched, ;i,,; 

iHustrmed in F1.gure l. 

1'he ro\v keys in a r.abh: .;;.tre RtbHraf)-' sirir~gs. (currently up 
to 64KB in ,;i;w, although lO-JOO bytes is a typical size 
for most of our user:;.). Every rew:l or \.Vri;e of data m1der 
a ~~ngle n;·"".; key is .atornic {rt:.gard]ess of the nurnbe:r Gf 
different cvh.unos being .read nr \Vrftten ·~n the rQv,•)~ l1. 

design deci~ion that mtikes it easit~r fQr clients to·reasoil. 
~1hout the sy$t~;::rn ts behavior in the prese,nce of concurn~nt 
upd.ates to the• sarne ro\v,. 

Bigu1ble maintains data in lexicographic orde.r by row 
key, The ro¥v range for a tab!{!. is dynainiaiH~l partitioned, 
Each row rnnge is catled a table:, which is the unit of dis­
!ribudon ,md load balandng, As a result, reads of short 
rov/ rti.nge:~ ~rre efhcicnt rr..."1d 1ypicaHy require conunnn:i .. 
C<ition \¥ith on]y a sn1an nurnber of niachines. (~He-nts 
can e.xp}oit thi~ property by selecting the:~r ro-...v keys so 
that they get good Tocahty for their data ac:ce:-;ses. For 
e.x,1n1p!•.\ in \.Vebtitbk, page~ in the sarne domain Hre 
grouped together into contiguous ro\)1s by reversing the 
hostntune components of the URLs. For example, v,;e 
store data for maps.google.corn/index.html under the 
key com.goog!e.maps/index.html. Smring pages from 
the sanw domain iw,ir each other makes some hos.t and 
domain arnily:;es more efficient. 

! To ag}fH~a. in osm 2~W6 i 
l .. ,, ...... ,.~-~--.. ······__J 

Co!unm Fammes 

Column k,~ys ,ire grouped into ,;ets called colur:m fami• 
lfrs, \vhk:h form the basic unit of uc<:.ess c{rntrn!. AH d1:ta 
SH)red in a co1urnn farndy is usunHy (:f the s;;Ht:e t}'P~ (~vt 
eo:rnpress data in rhe srune colurnn fannily together), /'~ 
cohHnn fatni]y n1ust be created before data can be store-d 
under any column key in that family; after a family hi,s 
been created, any column key within tlw famiiy can be 
ust'.d. It is our intent that the number of distinct column 
families 1n a table be small (in the himdrt~ds at most), and 
tht±J families rately char1ge during operation. In cornr.asti 
a tab!e rnay have.an. unbounded nun':bc.r of cohunns 

A column key i& narned using the following syntax: 
faJnily:qua.l&tier. c:oh.unn farnily names rnust be print~ 
ab.le,. but qua1Hiers. rnay he arbitrary stri.ng;s. .. t\n exarn-­
pk column family for the \Vebtubk is language. ·which 
stores the. langt3;1ge in \VS1h,:;h a \\'eb p~1,ge w'as -..,vdtten. \'~le 
use only one wlumn key i.n the !angUa\J6 family, and it 
stores each ·tveb pagt 's Ian.gt;age ll) . .t\nother ust~fuI col­
umn family fc•,· this tab!e is ancho-r; each colurnn key in 
this family represems a single ,mchor, ,.,s thown in Fig~ 
ure 1. The .quiilifrer is the, name of the rnfordng ~ite,; the 
cell cements is the !ink text. 

Ac:c:ess control and both disk and mernory atxoum-• 
ing are performed at the coiumn-family leveL In our 
\Vebtablc c:x~u11ple, these controls allow ll~ to marrnge 
several different type<i of application&: snrne that add ne,v 
base dat;~~ stHne that read !he bat!e data ~~nd create de-rh,.·ed 
cohunn fa.rnines: ~'"1d ~orne that are only anov~~ed to vie\v 
ex.is.ting data (nnd pos3jb}y not eve.n to view· t3H of the: 
exis1ing fan·dlies for privacy reas\.1ns). 

Tim~Btamps 

Each cell in a Bigtable can coma.in irmltiple versiom; of 
the same data; rhe:-;e versions. are indexed by time.stump. 
Bigrn.ble tirne&tamps are 64~bit integers. Tbey can be as­
signed by Bigtable, in which case. ,hey represent "real 
time~~ in n1icrosix:onds.) or be explicitly assigned by cHent 

2 
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:;; ~., S,;.:.t i. '1 .:;tnc.hf ... r; ,.,;w-,,,v. C·""~pan ~ t1rg
1
' ;1 ''CN1~~,} ; 

rl.D~lete(c1a11ct~or:www.ab~.com 11
); 

Uf.•i.-~!.'/-;.t.t tJ~; -:.;ip,: 

::::pyl y { & op.. ;;~ :r l} i 

application~. A.pp1k:ations that need to a·void coUisions 
rnust. generate unique tirnesta1Y1ps them!;:elves, [}:ifterent 
versions of a ceH are srnr.e.d in decreasing tiine~~nunp or ... 

der~ so rhat the n1.ost re.t_~ent versions can be rt~~d. first. 
T(: roake, the n1anag;en1ent of vers~one•d <la.ta le:ss oner-­

ous. \Ve support t\vo pe·r-c.ohunn--fan:~ily· setting~ that teJ1 
Bigtabk to garba.ge-coHe.ct cd! versions autom:itktJly. 
The client can specify either that on}y the last n version,<, 
of a ceU be kept. or that onl.Y ne\v--e-nqugh v.~rr:ions t~ 
kept (c:.g,, only ktep values tllat were written 'tn the last 
seven days), 

ln our '\\lebtable exarnple~ \Ve set the Lin1csr;;imps of 
the crnw!ed page;, 8tored in ,he contents: column to 
the ~hnc~ at V.Ihich the-st~ pagt· Y(!r:rions .._., .. er~ actuaBy 
crawled. The garbage-co!lec:tion mechanism descrilx:d 
above kt& us keep only th<: mo&t rec<::nt three versions 1)f 

t~very page, 

3 API 

1'he Biguible l\PI pro'"v··ides fun~~t~ons for creating and 
deletmg 1.abk:& and colun:m familfoi;. .rt also provides 
fonctions fordwnging cluster, table, aml column fmr:Hy 
me.t;1d;~ta. such as iicce.ss control rights. 

Client appbcntions can \~?rite- or d,~]ete values in 
I1~gtahie~ look up v~due~ frorn individ~Jal row·.s1 Qr iter-­
ate over a subset of the data in a tablt. 1~·1gure 2 .shO\·VS 

(~++ code that uses a Ro;~·f.-Jutat. ic•:n abstraction to per~ 
form a series of updates. {i.rrdevant details \Vere elided 
ro keep the e:cunpl"e &bort.) Th~ call to r~pf.! J. y perfqn11s 
an atornic rn.utation to the ¥/ebtablc: it Hdds one ilnchor 
to www.cnn.com and deletes a dil'!erent ancho.r. 

Figure. 3 .~bov1s (:++ code that uses a Scanne.t~ ab~­
straction to iterate over aH anchors in a particular n:iv;, 

CUen!s can itenne nver rnultiple c:olurnn fa:tniHes, and 
there <-n-:::. severa.l rne.chanisrns for lin1iting u1e ro\+/s~ 
lX>lumns, and time.stamp$ pmdtlced hy a scan. Fore:<~ 
cirnple, we :::mild rustri<:t the scM above to only produce 
anchors Vlf°H.is.e cokn11n~ n-w.rcb the regular exprcs~ion 
anchor:-J; "cru1.co;n~ or tu on]y produce anchors v.;-hose 
tiJ.Y~i:stuinps fall \Vith1n ten dt~ys of the current tirne. 

Sc~nn~r scanr;eri!J; 
Sc:.ar~St.r{i:~::.r:1 ';(- .st.~~t~-?S.n:; 

st: Lt:-:1:r: :-;:,.. SC'.).ns~e.t·. P~tc:b.C .. 1l-:..1:.-r.nF';:,1::r: .. i 1<Y- f'':Sn,::hc:,:r 1
) J: 

5tream->£ete~~urnAllV~~ss.o,i~{); 
'S.COl~fF~r:. L'.-";1,.1kup ~ '1 GOm .• c;~-n "•·.ti.·r'••i{> 1 ; 
f;::,r {; i f.:;t::::·-:;.a:":l~>Dcne (); .:::;:t;·r.f;.a1~1->Ne.?;t, {}) 

prin~f!~%s %~ ~lld \s\ni1 

.,s;c~;r;~~r. R:..)i.Vt'a.:;..:r~'.;', n ' 
s~re<lm->Ccl~mnName(), 
st~e~;~->MicroTimes~&mp(l, 

Figure 3: RcadJng frorn Bigtabit";, 

1-3-igtabh~ suppcnts sever.a.! other feature~ th<i! aHcn-v the 
user to nian:lpulut(~ -data i1:1 rnore co1nplex \vays.. F--"irst. 
Bigtnb!e ~upport,; single-rm,, trnnsa,:tions, w·hich ca.n be 
us.ed to perfonn atornic re.ad-rnodify .... \,..-nte ;s.:;,~quenc(~S on 
datastored unde-r ttsinglc rmv key. 13igt.able doe~ not cur­
rently s~p·pQn ge.neral transaction::; acro!~s r"C~v"' k,:,ys~ .al~ 
though itprp·vide.s an interface: for batching \V'rite~: a.cross. 
r(r:w keys ;lt ,ht clients. Second, Bigt,ibk allows cells 
to be 1,.ised as integer c:om1ters. Finally, Bigiabk r:;;p, 
ports the _t:xeGlffion of clitnt~supplied script~~ in the ad~ 
dress :sp~~ce~ of the servers.. The s,:ripts are \\·Tittcn ~n a 
!anguagt! deve]oped at Google for proce~:;~ng d~ua caHed 
Sav,lzan {2.8J. i\t the n1orn(::nt, nur Sa"'~?:aH--based 1\PI 
doe;; not ;i.!iow client script;; to write ba~'.k int() Big,ab!e, 
but it does aHo\.Y various fo.rrns of dat::i trnnsforn1ation, 
fa!tm:ing based on arbitrary exprei.i.ions, and si.m,mariza-.• 
iion via a variety of operators. 

Bigtab!e can be UM~d with MapReduce U2L a f:rnrne•• 
,gork for running J;irge-,;calc parallel cx:imrumtions de­
veloped ut Chxlgk.. We have ,vritten a &et of w.rappers 
that allow u Bigtible to be used both as an foput source 
and ns an output target for MapReduc:e jobs, 

lhaihiing Blocks 

Bigtable. is buDt on severn! other pic,ces of Google \n, 
frasttu:::nire. Bigrnble LlSes the dJstributed Googk Fi!e 
System (GFS) [l 7] to store log and data iifo;;. A H1gtable 
cJuste.r typicHHy operates. in a shared pool of _n3achines 
that nm a wide variety of otiwr distributed ,lpplicatlons, 
and Bigt.able procc:c;:,es often share the same rn.ichines 
,vith processes frorn other applic,itions. Bigto.ble de.­
pends (HJ a duster management system for scheduling 
jobs, rnana.ging resource:s on shared n1acftine:~, de.aHng 
·with machine faih.:ires. and monitoring machine status. 

The Google SSfof.;te file format is used internally to 

store Bigrnble dat,t. ,.\,.,-1 SST::'lbk provides a persistent, 
ordered i.rnrnutabfe n1ap il'on:~ keys to vaJ:ues~ \>/here, both 
keys and vah.1es are. arbitrary byte t;trings. ()perati(H1S are 
provided to look up the value a:;sociated with a spcci!iud 
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keJ\ and. to iterate over an key/value pairs 3n a £pe'Cified 
key range. Internally, each SSTable cmm:ins a sequence 
of blocks (typicaUy each b!ock is 64K·n in s.ize-. but thi~ 
is configu.rable). A block index (stored at the end of the 
SSTable) is used to locate blocks; ,he index is loaded 
into memory when the SSTable is opened. A lookup 
can be pe;t'ormed wirh a ::;ingk disk seek: we first find 
the appropriate b!ock by performing a binary sertrch in 
the in-n-:cn1oty index~ and then reading r:hc."- appropriate 
block frorn disk. OptionaUy, an SSTabh: can be corn-­
pletely mapped inic memory, ,,,_.,fodi allo,,.;s us to perform 
lookup& and scan~ without touching disk. 

Bigtab}e rthe--s on H highly--av;::.ik.:.bk: and persistent 
dis,ribwed iix:k service called Chubby [8l. A Clrnbby 
servke con!;ists of fivt: ac:ti.ve replicas, one uf which is 
elected to be- the master .;1nd ,:cti\.'{\ly·serve reque·sts. The. 
servh.::e is i.lve \Vhen a n-n:tjority of the rep]Jcas ~n~ running 
~J1d cBn COfft!nunicate ~vith each .other. (;hubby uses th~ 
P.axos a!gorithrn f9:- 23] to keep it~~ rephcas CLB).~isrent 1n 
the f1,ce of failure. Chubby provides a n,n-riespas;:e that 
consi~Es of directories and s1nan files. Each directory 03: 
tik: can be used af; a lock, and re.ads am! '>Vrites to a fik 
arc atornic. The Chubby client li.brnry provides consis~ 
tent ca~.hing of <.:hubby file~. Ea:---~h (:hubby che.nt ~11-ain­
tains a session \Vith a (:bub~y strvice. A cHcnfs session 
expire~ if it is unab!e to n-;.new i,s sessfon ka;:e within the 
k.:i.se: expirntion time. \\then a cJie.nfs se~c:;iori expin;;;, .it 
!o&cs. any k.x:k.s nnd opt~n handh~s, ·chtlbby-· <:U.ents can 
also reglster ca"Hhac.ks on (:hubby files and directorie.s 
for m,tHkm:.ion or ch;mg,:fi m se~~km expirntion. 

Bigw.blc uses Chubby foni variety of tasks; to en:;;m-~ 
that there is at ninst one act~'1le h1asrer .at any tifne~ to 
swre the bootstrnp locmion of Eigt,:b!e da!z (see Sec­
tion 5..1); to d'i-~cover tabiet servers and finaHzt~ tablet 
~erver dl~a.ths (see Section 5.2)~ to store• Bigtabh~ scherrrn 
infon11at.itH1 (the c0Jun1n farni]y inforn1ation for t~ach ta.~ 
ble); and to ~tore access contro1 l]sts. lf Chubb~y be=::orn¢s 
Ln1a,/ailabie. for an extended p:edo<l Of thne., B'igtabie be~ 
cotnes u.navai1abltt. \\.:'e ·recenUy n1easured this. effect 
in l4- Bigtable duster,; spmming l l Chubby instances. 
The average percentage of Bigta.bh:c ~,e.rver hours during 
\'ihid1 som(: data stored in Bigmble .vas not available dt,c 
to Chubby tmavailabi!ity (caused by d!her Ctm.bhy out­
ages or network issues) was 0.0047%,, The percentage 
for the single cluster th~it was rno~t affected by C1wbby 
unavailability wm; 0.0326%. 

5 Implementation 

·rhc Higtablc irn.plcmentati:on has rhree rnajor c<~mpo~· 
nents: a. librar:y that is b.nk~.d into ev.ery cIJent~ one ff1:as­
ter se:rver, and fft<a1y ra.b1et servers, Tab1et set\:'t.fs can. be 

I Th appe~.r in OSDI 2006 i 
L•n••••••••••LH'"'"••••••----•••-'-'-'-'-: 

d.ynamicaUy added (or rernoved) fTon~ :a cluster to acco ... 
m(>datechanges in workloads. 

The maste..r i;, r,::,sponsitle for assigning tab let.s to tablet 
~<:rvers, detecting the addition and expiration of tabl.et 
servers1 bahu:1(-:ing tablet-server load, and garbage c<Jl­
!ection of fik:s i.n GFS. In addition, it hand!e~ sdi;:ma 
changes such a.:-:. table a:nd coh;rnn n1n1i1y cre~Hion:s, 

Each tablt1 ~er\.•er rnanages a :~f~t of tublets {typicaHy 
r.,,~1e h;tve ~orrH;,-:, .. vhere ben\.·ct-n ten to a ~hOU$:Hnd tablets per 

tabiet server}. The tablet ~:erver bandies rea~j and v'lrite 
requests to the tablets thut it has loade-d1 and ah:o Bplit-; 

tablets that have gnn~ .. n too lHr~;e. 
1-\s \.Vith ;11cH1j,.. singk=-:-rnaster distributed storage sy~ ... 

terns ( 17, 21 ), client data does not move through the mas~ 
ter: clients communicute directly wi,h tablet servers for 
re~ids and writes. Because I·~Hgt.abk~.cbents dt> not rely on 
the rnaster for tablet ioC-ation infonn:ar.ron. n-~ost z~Hents 
ne·ver,c:ornrnunicatc \vith the n1aster, As a re~;uh~ the n1asT 
ter is lightly loaded in prnctice. 

A Bigrnble dus1.e.r store~ a m..imber of tabk:,;. Euch ta• 
ble consists of a $Ct of table-ts~ ;1nd each tabh~t contilins 
aH data a~soc.iated \Vith .a-rov,/ range, InitiaDy, each rabie 
{:onsists of just. one niblet i\s a tt:bie gro\V:-i. !t is auto~ 
matkally split into multiple t<1:bkts, .ead, approximately 
100--2DO MB in size by default. 

\Ve. use a tll:re.e • kve! hierarchy analogom; w 1hat of a B ,· -
tree f Wl to store nib!et location inforn;,Hion (Figure 4). 

U,~rTab!el 
(ln1er .~~:, ...... ··::·:··:,?] 

ME:"}\OAT.ti., ,.-· ·'.•n••·······---·, 

tabtets /-· . ..-:1· • 

,~"Y ":'~J'~l,~ft_,--J\r"r:~!N; 
-~~·n----• .•;j .:;., • •• •-•• •• •• ~ 

l ·, ,i:·:, • --' 

FigUJC 4: TabJet Iocadorr hien~rcby. 

The fast level is a fik stored in Chubby that contain~ 
the location of the root tabh't. The root !abiet ct,ntains 
the location of aH tablets in a special METADATA t:'lblc 
Each t{ETl~DAI'}\. tablet contains the location of,~ set of 
user tablet~. The root tablet is just the first tablet in u'le 
MET l~ .. D.:\TA table, bnt is treated speciaHy·····it is never 
spHt-to enic,ure that the tablet location hiernrd,y ha~ no 
more than three ie·vels 

The METAu,\TA t.i.bk stores the locm.ion of a t.abiet 
under a row key that is an ,mending of the tablet's table 

4 
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kit::rHifier und its end rO\l/" Each ?v!ETADATA ro\v ~tores 

approxirnately 1KB of data in memory. \Vith a mod::::s, 
limit of 128 :\'1B, METl'.DATA rn.blets, our tI1n::e-!evd lo­
cation scheme is suf!ldem to address 23'1 tablets (or zi'1 

bytes in !2.S !\·m tablets). 
The dient library caches tablet locations. If the client 

does not kno,\.I ihe location of a tablet, or if it discov­
ers th(H cached location inforrnation ·is incorrec·t, then 
it mcumveiy moves up the tablet l<:>cation hierarchy. 
lf the client's cache is empty, the locmion algorithm 
requires th~·c~e. net-...vork round.,trip~~~ in(:h::.ding one read 
from Chubby. ff the diem\ cache is stale, the locatkm 
a]gorit}un cDuld takr up to six roun<l~trips., be.t:fiU8e state 
cache entries are 1)nly discovered upon rniss.es (assuming 
that t~f~TADATA tablets. do not tnove. v~ry frequently), 
Altho;Jgh tablet iocatiom: ,\re stored in mernory, w no 
Cf PS accesse~ are Iequ.irc<l~ \Ve further reduce this cost 
in the C(Hnn1on case by lunr'i~g the chent hbrary pre.fetch 
tablet locations: it rN,d.s ,he me.tadma for more than one 
tahk:t whenever it reads the MET,s,D}\TA fable. 

°\'le also ~tore S(~:ondary information in the 
~JE Tl~Dl~ IA t.;;~b]e~ ~ncluding a log of all even is per~· 
taining to e~1ch tabh~t {:~uch as ~ .. hen a ser,ve.r be.gins 
serving it). This information i.,; helpful for <lebqgging 
and perfomi.,mee ana!ysis. 

5.2 Tablet Assignment 

Eac:h tab!et is .1Ssigned w one tabiet server at a time. The 
rrn1sta keepi; trnck c,f tbe set of live tablet serven, nnd 
the current assigntnent of t~~ble.ts to tablet serven}) i:n-.~ 
duding which tablet:, are ,m:isslgned, When a Utblet i,.; 
unas~igned:- r~nd r~ tablet server \~lith suffitient ro(Hn for 
the tablet is avaibbk the rna.ster r,ssigns fhe tabkt by 
sending a tabict !oad request to the tablet servtr, 

Bigtahl,; nst:s Chubby to keep mi.ck .of !ablet servers. 
·\Vb.en a table! ~erver start.~, it create~~, and acquires an 
e:<:elusive kK:k on, a uniquely-n:u:ned me in a specific 
('.hubby directory. The n.1aster n1onitor~ this dJrectory 
(the sErv~;·rs direr..·to(v) to discover t~~b}et server;,; .. ;\ tablet 
serve;r stop:t :!i.:~rving its tablets if il loses lts exc}ush·'e 
!ock: e.g., dus:: to a network partition that rnuse.d the 
server to !ose it~ Chubby se,ssicm. (Chubby provide~ <1n 
efficient medianism thar aUows a tablet :lerver to ,:heck 
,vhether it stiH ho!ds its lnck without i,wurring network 
traffic.) .,\ tablet server ,viH attempt to re.acquire an ex:-­
dusive 1,x:k on ::.t:, file as long as the file stiH exists. If the 
file no longer exists:- then the tablet ~erver 'NH] never be 
able tn ser~:t again~ so it kins it~e}f. 'Vlhe_never a tablet 
sc~··er te-nninate,s (e.g.

1 
becaust;. the. cluster n1arJagemeu1 

sy·stern is r~movir~g the tablet ~erver~s 1nachint: froin the 
;;luster), it atterr:pts to release its 1,x:k so that the master 
\\dH n.~.a~rfrgn its tab!ets rnc,re quickly. 

[t'o aNWlff in osm 2006 i 
--Lu,,HLLu~,n~•·~·--~--~,,,,..J. 

The master is rnsponsible for detecting when ii tabkt 
server is no longer serving it,; tablet;;, and for n::assign­
ing tbos:::-- tablets as SOi)ti as possible. Tb detect when a 
tablet server is no longer serving ir.s tabkts, the master 
periodic.illy as.ks each ,,ablet server for the status of it~ 
loc:k. rf a tabfot server reports that it lrns lost it.s lock, 
or if the master was unable to reach a server during its 
l::ist several attempts, the master attempts to acquire an 
,:;-:du~ive lock on t;l-ie server's file. If ,he master i:, abk to 
acquir(: the lock, then Chubby is Ii'<'<' and the table, server 
is either dead. or having trouble reaching Chubby, .so the 
:nastt~r ensures that tJ~e tablet 3e.rve.r ct~n ne·vtr serve again 
by deleting its ~erve-r file.. ()nee a server's file h~8 been 
deleted .. the master can move uH the tabkts that were pre­
viou~dy ass~gned to that server into the set ot unassigned 
tablets. To en.sure thm a Bigtable cfoster i:s not vulm:rn­
ble to networking i,'iSlle~ ben-veen the master and Clrnhby, 
the ,mi:.ter kilhsitself if irs Chubby session expire&. Hm-v­
e.vet, as described above~ n1aster ftiilure~; do not -:..·-:t1ange 
the. a.ssignrnent of tablets to tablet serverB. 

\Vhtm a masler i.s sta.rte.d by the dnsti~r managcnlent 
sysn~m, it needs .to discover the C(lrrent r~1blet ;_j;;,:.1ign-~ 

rnerH.s before it can c-hange thern ~fhi:: rnaster execute.s 
the folhrwing $.tep~; at st,trtvp ( ! } The master grabs 
a nnique m;.1:;ra lock in Chubby, ,vhich prevent~ con­
current n:ia.ster insta_ntiatio.ns. (2} The- rnas.ter ~.cans th(: 
serve.rs directory in Chubby to find the !ive $e,vem. 
(3) The mastff comirnrnicates ,,vith every liv(:. tablet 
server to discover <Nhat tablets are already m;~igned to 
each servff. (4) The i:naster scan:, the METADATA table 
to learn the set of tablets. \1lhene,,ver th15- scan encounter:~ 
a tablet that is not already assigned., the m,i,ster adds the 
tab.Jc~ tQ the set or unassigned tablets~ \Vhich :rn.a.kes the 
tablet eligible for tablet assignment. 

One. cornplicatior: :is that the scan of the f-.-tETi~-PAT.A 
table cannot h3ppen untD. the .:: .. ·IET.:'\DA.'TA t~tb]cr,s have 
been a$sign.ed. '"_then:~fon:\ before starting t,h1~ scan (step 
4), the rrrn.stermids ,he roottat!et to t:he set ofurrnssigncd 
tablet~ if il.'1 assignment for the root tablet ,vas not dis­
covered dnD ng: ~tep 3. Tlii.s addition ensure~ HnH rhe root 
tablet \ViH be a~~ig;ne<l. Because the root t:;tblc.t cont;lins 
the names of nH !v1fTAD.A.T .. :\ table-ts, the rnaster kno\>/s 
about all ol' ,hem after it ha.s scanned the root tabkL 

The set of e>:imng tablets only change~ when a ta­

ble i$ cre.ate.d or deleted~ t\:VO existing tablets ftre inergc<l 
H) forn1 one h~ger 1.ib}er.. or an existing tabk:t 3s :-;p!3t 
inro t\VO .srnaHer ta.ble.t:s, Tlte n1asrer i& abie to ke.ep 
track of the-~e chru-iges because .it initiates an bur the last. 
T'ab!et splits are- treated spectaHy ~ince they are initiL 
ated b~/ a tab1et server. ..T'he tablet se:rver cc1n1n-iits the 
split by recording information for the new rnblet in the 
I--:l£TADATA. uibk:. \1./hen the, split has cornrnitted. it noti­
fies the master In case the split notification is lost (either 

s 
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because ~he tRblet server or the rnastcr died). the rna&te.r 
detects the ne\, .. tablet ~vhen H asks a tabtet server tQ load 
the tablet that b:is now split, The Utbk, server will notify 
the cnas~cr of the ~plit> be<'-ause the rablc~ entry it finds in 
the g ... §ETA(}}\ I2-\ table ~·i.U specify only a portion of the 
tubk~t thar the rnaste-r asked it to ~oad. 

The persistent si.ate of a rn.blet i~ swred in GFS, as illus­
trated in Figure 5. Updmes are G.ommitted to a commit 
log that stores redo records Of these updates, the re­
cemly cornrnitte<l ones are ~tc,red in memory in a sorted 
buffer called a memtab!e; tbe older updates are smred in a 
~equence of SSTables, To recover a tablet, a 1abkt server 

Memory 

GFS I 
-------------------- -------,--

i ....... _t~ble!_~:~--- t 
----<~/,it~-~~)--------j 

n:ad.s it~ rner~1data frorn lhe- MET At\ATl~, tabh~. 'This rneta­
data contain,; the list of SSTtibk~ 1;.hat comprise a tablet 
and a set of a redo points~ '.-vhich are pointers int() uny 
conl-rnlt tog~ th~ti rnay cont~ihI dani for the. tablet. ·'fhe 
~erver reads the indic{~s of the SSTah!es into meftlQl)' and 
reconstructs the memtable by applying all of the UJ:<ifates 
that have c<::immitted since the re-do points. 

\Vhe,n a write operation arrives at a tablet servc:r, the 
server checks thm it is w·ell-forrne<l, an<l that the sender 
is authorized to perfonn the mutation. Authorization is 
perforrned by re-ading the ii-;t ofpern1iued \)tritert~ fron1 a 
Chuhby file (w·hkh is ,dmos! a!v,::1ys a hit in the Chubby 
c!lcnt cache), .;\ valid rnutation iti ,vritten to the cornrnit 
!og, Group commit is used to improve the throughput of 
lots of small mutations i l 3, Hi). After the write has been 
con1rnined~ its contents ~tre inserted into the n1ernt:ablc. 

\\then n read operatinn ,urivc.s ~t a tablet server!- h is 
shni!ariy checkt~d for \V:eH-fc.:rn}tdness and proper autho­
rization. 2\ valid r~ad (Jperation is exe{:uted. on a n1erg~~d 
vie\•</ or the sequence of SS'Iab}e~ and the rnerr~t~1ble. 
Sir:ce th<:: SSTu.bles and ili~ merntabk are lexlcograph~ 
icuHy sorted data srrucJ.ure.s~ the sne.rged 't~ew can be 
formed efiicienlly, 

Incoming rea<l and write operations can ,~ontinue 
\, .. hike tablets are $:pHt and rne:rg,ed. 

5.4 Comp~~ctions 

A,s \vrlte operarions "~xcct:te. L't:e size of the rnerntablc in, 
cre,,:ise;;, \,Vhen the memwbi~ size reaches a threslio!<l, the 
ine-3utabie is: fro:ff.T:~ a ne\v rnernt(tbie Is. created, and the: 
fro1-en memtab!e is convened to an SST:abk and ,,Titten 
to GFS. This n~inor C(Nn.,oaction process has ~\VO goals: 
it shrinks the memory usage of the tablet server, and it 
reduces t,1-u; amount of data that has to be read from the 
commit log during recovery if this server die.s. Incorn­
ing re-ad arid \vrite operations can continue \vh:Ue c.:on1~ 
pactions occur~ 

Every rnin,::,r compiiction creates a new SSTab!e. If this 
behavior continued unchecked, react operntion;;: might 
need to merge updates from ,m arbitrary mimber of 
SSTabies. l.n;;;ead, we bound the number of such r;ies 
by periodically t:.Kecuting a rne,;ging c(nnpaction. in the 
background. A B]erging cornpa(.tion n~-ads tbe contents 
of a 'fe.w SS'Tabk:;~; and the rntrntabk., and \Vdtt::.s out H 

new SSTahk. The. input SST.,ble:, and memtable can be 
discarded tis i,oon as the compaction has finish,~d, 

A merging compaction that rewrites a!J SSTabk;: 
into exactly one SS'Tahle ·is caHed a rna.jor cornpaction. 
SSTables prndue-ed hy nci;t-major comp:ction:; can con­
t<3in speeial de~e.tion entries that ~uppress deleted data in 
older SSTable~ that are still live, /\ major comp;i,:ti.on, 
On the otht;,f hand.~ produces an SSTabJe. that contain~ 

no deletion information or- deleted data. Bigt,ibh? cy­
cles thr-nugh aH of its t;1blet$ and regularly ~xpplies n1ajor 
curnpactlons to thcnt These n1~jor cornpactiont; aHo\'.V 
}~lg,able to re-claim resomces u,;e<l by deleted data, and 
also allow 1tto ensure that <lekte<l darn dls;:i.ppt:<!l's from 
the system in a ,imely fashion, which is irnvlrrnnt for 
services that store sensitive data. 

6 Refinements 

TI,e impkm.entation describtxi in the previous 1,e,~tlqn 

required a numb-er of rt-!l.nern{:nl,; tQ achieve the high 
performance, ;_rvailability, an<l 1-e-liability rt~quired by our 
users. This :;ecti(m de~cribe~ portion~ of tlw implementa­
tion in more detail in order to highlight these re fincrncr: t,;. 

Clie-nts can group multiple column. families toget:her into 
a /uct.ility group. A scpnnn.e SST'abk~ ls generated for 
each locality grot1p in each tablet, Segregating cohann 
fa;ujlies that .are not typ3caHy accessed together into sep .. 
arate loca1ity t"Toups enables more efficient reads. f()t 

ex:,,.mple, page meta.data in \Vebtabk (such as language 
and checksums) can be in nne- k}cality group~ and the 
contents of the piige can he in a different group: mi ap-

6 
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plic~tion rhat Vlants to re-a<l the inet~ula~n does not need 
to read through all of the pagt~ corl!.ents. 

In addit-ion, some useftd tuning, pararneters -can be 
specified on a per-locality group basis . .For e;,,:.arnple, u lo­
caEry grcn.11) can be d-ecJ.ared to be in.-rncmory. SS-Tables. 
for in--memory locality groups <Jre !oaded laz.Hy into the. 
n1ernory of the tablet server. Once loaded;, cohHnn ft1n1~ 
D.ies that belong to such ·focahty groups c~n be read 
i.vithout accessing the disk ·rhis feature £.s u5eful f{..)r 
wi-utH pieces of data that .Rte accessed frequently: \\-'e 
use it intenud]y for the- location coiu~nn farnHy in the 
t-·:ET A.DA.'1' A t::i.ble .. 

Clients can contn}! whethe.t or not the SS1abks for a 
luca!ity grnup ;ire con:,pressed, and if so, which <:om, 
pression forrnat is used.. ·rhe u::.er ... spccified con1pr~s­
sion formcH is ,tpplit~d to each SSTr:ble block {whose ,;izc 
i~. cotn.rolhtble vJa a loca!ity iroup specific: tuning pn-~ 
ra1neteE'), t\ltho~Jgh v-.-'{~ Sos{! sorne !)pace by cornpr~s.s­
ing each block sepunn.t.·~Jyi \Ye benefit in that snrnJ1 por-~ 
tion8 of an SST,\b!e can be read without dewmprcss--
1 ng the entire "fi]e. rv1an_y clients use ·a t~l..-o.~pa:~s -c:ustora 
co-rnpress1on sche:ne. ··rhe first puss uses Bent]ey and 
Md!roy',:; sehetm: [61, which compres&t:K loi1g common 
string~; across a large, \Vind<}\~•·. ·rht. second pas~ u.ses a 
fast compression algorithm that looks for repetitions in 
a small 16 KB window of the darn. Both compression 
passes an: v;::ry fa::,~they encod,;:~ at 100---200 rvrn/s, and 
decode at 400-- l 00{) Mfo's on mcHit:rn rnachines. 

E~ven though "Nt:. ernphasiz.ed ?;pc~ed .instead .of space re-­
d(sct~nn \vhen cho-osing our con1prt.s~~1i~)n algorithm~; .. this 
t'NP·pm,s cmnpre.&sion scheme does surprisingly ,vdL 
For exa.m_pk, in ,;vebtable, we use'. thi:;; compress.ion 
schNne to ~wn:: V·leb pttge content,;. In one experiment, 
\VC- stort~d. a Jarge nu.rnber of docurnents in a cornpressed 
locality group. For the purposes of tile expc'.riment, ,ve 
limited ourselves w one vetsion of ead1 document in­
stead of !>tnring an vers-ions avaHabl~ to us. The .schen-ie 
adii.eved i's l 0--to-- l reduction in space. This is much 
better tlrnn typical G:i:ip reductions of 3-to- l or 4-•W- l 
on ll!'tv!l~- pages because of the \Vay \Vebtab!e rov.ls are 
laid oui.-; ul! pages frorn a ;,ing!e host are stored dose 
to each other. T'tds ancn~·~ the Bendey<~".tcUroy a.igo,.. 
rithn1 to ic~entify large. arnounts of shared bo:derp!ate in 
pages frorn tht: sarne, host. 1vfany app;lcations.~ nut just 
\-,;v,'ibta.ble 1 choose their ro-~~v narne~ so that sitnUar data 
~-nd~ ?.tp c:!nsterett and therefore achieve very good com-­
pression r::..tios. Co-rnprcssion ratios gl!:t even bette-r v~•·hen 
we ston;, multiple versions of the rnme va}ue i.n Bigtable, 

Caching for read pcrlormam:-:e 

To irnprove rN:d perfonnanc,t, tablet servers use lwo lev­
els of caching. The Scan C:,che is a hi_gher-lcvel cache 
that caches the key-value pairc; returned hy the SSTab!e 
interface to the tablet server c.ode, 'The :B!ock (:.ache is a 
lower-tevd cache that caches SS'foble~ block~ that were 
read fron, GFS, The Scan Cache is mo,;1 u,;eful for <ippli­
c:ations that ten:d to re.ad the $arne dat.s. nq>C-ffte-dly, The 
Bkick Cache is u;,:.e.fu! tor ;ipp!icatiom !.hat tend to mud 
data that is do;;e i:o the datH they recently read (e.g., se­
queBtia! reads, or random reads of dtfforent columns in 
the sa1T1e locality group v-,iithin a hot rv~-.>./). 

Bloom Jilters 

As descrihect in Section 53, a read operation !ins to !<l<ld 

from an SS1\1bles that m,ike up the state of a tablet. 
If the-sf; s~rrab1{!~ .are not in n1en1oryf \Ve n1ay end up 
doing rnany disk <F .. x:esse,~. we. reduce [he. nurnber of 
ticcesses by aHowing cUents to specify that- Blnorn fH ... 
te,s [7j should be created for SSTabks in a particu­
hir lo·cah-ty group. ~A. Blocnn filter aUov .. •,~ us to .a.sk 
whether an SS'J;i.bk:. might cont,1in ,my d1:iw for n. spec­
ified roY,dco1urnn pair. F\)r tert~1irl applications~ a sn1al~ 
amount of tablet serve.r memory used for storing Bloom 
filters drnsticaHy reduces the number of disk seeks n> 
quired for re,ad opentti.ons. Om use, of BkK1m fill.cf:. 
,il.w implies that most lookups for non-ex_i:;ter,t rm:vs or 
columns d<J not need to touch disk. 

CommH,fog i:mpfomcnt.atfon 

If we kept the c0mmit log for (:ach tablet in ;1 separate 
Jog Ph~. a ver:r· large nurnher of fih~s '.-VOtdd be \Vrii.te.n 

conc:urnmtly :i.n GFS, Dep;~m.hng on the underlying hie 
systern .in1ple-;nentation on ea-ch CiI;-S ::.ervet1 these \.vrites 
couJd cau~e a lar,ge nun1ber Gf disk .~eeks to w·rite to th~ 
different physical log files. fa additi()n, having separate 
Jog mes per rnbiet also redi.ioes the {:.l'foctiveness of the 
group commit optirniz,i.tion, since groups would tend to 
be Sfftalkr. To fix these issue~. we append mutations 
to a single ccHrtin]t iog per table.t server. C{)-n1ingU11g 

mmations for different tablet:, in the same physicul !og 
fik [18, 201. 

Ut;lng one log pmvidei-; signlfa~aot perfonmmce ben­
efits <luring nm:,rn:li operntion, bw! ii complic:ites recov" 
ery. \Vben a t~:lbiet ~e-rvex dies 1 the tablets that i[ served 
"vii} be ir~oved ro a large nurnbcr ,of other tablet servers: 
each server typicHHy loads a srn-aH nun1ber of the orig"' 
ina] ser.,~•er~s tablets To rec-over the state tOr ~1 tablet~ 
the nev,· rablet ~ervcr nee.ds to reapply the !!Hltations for 
thm: tc:.blet from the commit log \Vrltter: by the origimd 
tahlet server. However. ,he mutations for these rablets 

.., 
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w,:::re co-mingltx! in tht: same physical l,>g file. One. ap-­
pmach 'Would be for eacJ1 ne,v tab!et serve.r to read this 
fu.n cornrnh log file and apply ju;Sr the entries needed for 
the tablet~ it needs to recover. H.,.)wev{·r, uncte.r such a 
sche1ne~ if } 00 rf:.-:1chines ,;v·ere. ea.ch a~signed a single 
tablet frnn1 a failed tah}e! server~ then tbe 1og fiJc. ViOUld 

be rend l 00 times {once by e"1ch $erver). 
\\re avoid dnplicatlng .log r::.~.ad~ b:_;:1 first s.ort­

ing ~he. cornncit log entries in order of the ktys 
{ta1:i!e, row name, log sequence nuinbei} In the 
~mted output, all. mutations for a particular tabkt are 
comiguou~ and can therefore be .read effidently with one 
disk s,:ek f0Uo1,.,v-ed by a sequent~al .n.:act Ti) paru.BeHze 
the sorting, ,,ve par:ition the log file into 64 l\{B seg­
ments, and sort (:.adi segment in parallel on differem 
tublet :Se.-r ... ·er:-;. This sorting pnx-:::!st is coordinated by. the 
rnatter and is initiuted ,~,..hen a tab~et server :indicates that 
t~ need5 to reL~uver rrnnatlc•ns frorn s.orne CCH11n1it log file. 

\Vriting coffu11it logs· to (JFS sorr1etin-~es caus.es perfor ... 
rnancc hiccups f()r a v~ttiety ofreu.sons (e,g.t a GFS ser-ver 
madnne involved in the \>:rite em.shes, (ff the network 
paths iraversed to reach the particular ~et of three GFS 
servers is suffering network congest.ion, (ff is heavily 
li)aded). To protect murn:tions from GFS lattmcy spikes, 
(:aeh tablet server actually ha.~ rwo log writing threads,. 
tt:lch vvrit]r~g to its OVlfl i<}g fik:; only one of these hvv 
,hreads is actively in use at ,l rime. If writes to the ac• 
~jve lc:g file are perfr~·rn:}ng poorly,. the k)g ii1e. \vritl!1g i8 

,;witched to tile other thread, and ,mit,:tions that ar::: in 
the con1rnit k}g qr~.eue are wri.tten by the ne~-'ly active Iog 
vlriting thread Log en:tr~es contain sequence nunlbi~rs 
LO aHrr\)/ the re(:(;very proces~; to e'Hd.e df:pUcnred entries 
resulting from this !og switching process. 

If the fflast.er n1ove~ ti tablet froxn one tablet server to 
ant:tthet~ the source tabiet ~t~.rver fir~t d:ocs fi. n""~in{)t ('-Orn,­

p~~c.1-i'on on that ta.blet. I'his con1p.action re.duce~ reco~/-­
er~✓' ~in1e by reducing the arnount of uncornpacted state in 
tht.~ tablet :.;1~.rver\-i con1rrlit ]og, :·\fter finishing frt!s corn-• 
paction, the table~ server ~tops s.crving the- table~. ~Before 
it acr.uaHy unloads the tabJet u\e,. tablet server does ~:.n•­
Nlwr (us,mily very f.1.~t) minor cornpactlon to dimirt,ite 
any· ren1ain~ng unco·rnp11cted state ·in the tubiet se:rv~.r\; 
log that 11rrived while the first minor compaction ',vas 
being performed. After this se-con<l minor compaction 
is complete') the tabiet can be loude.d on another tablet 
~e.r-ver v~dthour rtquiring any recovery of log entries. 

Exp!osting smmutahility 

Besi.dt'.S th~ SSTablc c;:1che.s, various orher parts of the 
Bigtabk~ sy~tein ha"'/C. been sin1pldied by the filct that an 

i Tn appc~r in OSDI Wl).6 : 
L........... . ------·--- • 

of the SS'fiihles that '-'<'e generate are irmw.nable. Fi)t ex-­
m11p1ef ive do not need any synchronization of accesses 
to the Eb system when reading from SS1\bles. As a rt>· 

su!t1 concurrency control over fD\VS c.an be in:plernt~nted 
very effic1c.nt]y~ ·rhe on]y rnutable data stn.tcturc that is 
acce.;;sed by both rends and \Vrites i& the n1e::ntab1e. ·ro re--­
duce contention du.ring read:; of the rnetntabk\. v/e inake. 
each rnerntab!e ·n.)\3/ copy-on~\Vtite a;1d al10'\-V read$ and 
,viite~ to proceed ifl parallel. 

Since ss·Tab{es art: ~nnrn.:tab]e:- the prob}ern of perrna-­
nentiy ren1oving d,dcted data i~~ transformed to garbagt; 
collecting obsolete SSTables. Each t11.b!et's SSTable~ ar(: 
registered in the r--·~ETA.D,ATJ\ table. The n1as-ter ren1ove.s 
obso]ete ss·rable~ as u n1ark-and-~sweep garbage coHec­
ti-on f.25J over the set of SS1'ablcs> where the :~·rst~-'?·\DAT·l~~ 

.table. cont:uins the· se~ of roots, 
Finally, the immutability of SSTab[~.s enables us to 

~pht 1.ablets -quick]y. Instead of genernting a rH~\·V set of 
SST'ab.!es fox each child tub!et~ Vilt; ict the chd.d tablets 
share the SSTables of the parent tabkL 

7 Performance Evahlation 

We set up R Bigtabk cluster with JV tablet i;ervers to 
nieasure: the performance and scalabil.it_y of Bigtahle as 
]'/ is ~...-nrie-d. The tablet servers ~··ere t{)nfigurcd to use l 
GB .of 1nen1ory· and H) \vrite to a GPS cell cons.isiing of 
1786 machines \vlth iwo 400 GB IDE lwrd drives ~ach. 
JI/ client rriad1ines generated ihe Bigtubk !i)ad used for 
the::;e tests. (',:\\: used the. ~am(:' numbi.::r of (~lients a~ t,ibie~ 
servers to er1sure that -che.nt~ v:/ere never f~ bottleneck.) 
Each n~~~~c~hine h~.d tvio duaJ.,corc- Opterori 2 (:<lL~ chipsi 
enough physical :memory w hold tie working set of all 
running proce~se~~ and a .single gigabit Etherne~ lin.k, 
T:>ie machines were nrrnnged in a tv,.-o-foveI tree•-shaped 
switched network with approximi.ttdy 100-2.DO Gbps. of 
ag.gre.gate banchvidth availab]c at the root. i\H of the n1a~ 
chine? \Vere.in the saffH; hosting fac~Uity and therefore the 
round-trip th,l('. betwecm any pair of machines was le~s 
1han a rniH38eco:nd. 

The tablet servers and muster .. test clients, and GFS 
servers .aH rar~ on the satne set of machines. Every fft~i· 

chine ran a GFS server. Sotne of the ff~a(:h~r:.es also ran 
either a tablet .Sef'/er1 ot a c·llent process) or proces~c~ 
from other jobs. that were trning the pool at the same time 
1:~ these experiment,s. 

R is the. distinct nurnbe:r of Bigtabie ro\v ke.ys inv(}lved 
in the test. R ,vas chosen so that each benchmark read or 
wrote. appn:,xim.atcly 1 GB of data per tablet server 

The sequential \\.•-rite benchmark used row keys ,vith 
names O to R •-- :l. This spnce of r<..1w keys wu~ parti­
tioned into 10}\t equnl-size.d range:-,. "fhesc ra.ngt~s ,:vcre 
assi,g;ned to the: J\/ cHentt? by a central sc.hc-duier that as~ 
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i Experiment ... ,,,J------····1~iof 'n~!,~'~ 2~%ili~~1--·:s~ 
~-·,r;;;;;iomre;;a~·-·· 1:212. 593 t 47u 241 ; 

i random rcz.ds (;ncm} 108 i l 85 l l 18000 6250 j 
! u,wiom writes 8850 3745 3425 2000 ! 
i ~~qucJ1ti,!l rea<l~~ 4425 ;;463 2625 24(;9 ~ 
!, .... scq,ic~tlal writt~~ 8547 362312451 1905 i 
~~~~ !5385 _____ 10526 9524 __ . 7~! 

Figure 6: N i;.rnb~;:r 0f 1 Ot)(}.hytc vc~lues read/,vsi.tten pt"J· s~cond. 'The table sho\v~~ ~he rat:e per t::~b1et ;.:;..::.rvo:.::t; the gr~ph sho'i.vt, tbc 
aggrt'!ga~~ ro.te~ 

signed the ,K:<t available range ti) a dient as soon as the 
client finished procei<&ing the preYiNis range ,is;,igned to 
iL This dynamic assignment he!ped mitigate the effects 
of petforrnance variations ('.~Hlsed by· otllcr prOC0$.ses run­
ning on the. client rnachine~;.,. \V(~ \¥n:}te a single .strit1g un­
der each row key. Each string was ge.nernted randQmty 
and \vas tberefore unccn11pres:sibte. Jn .addiriori:- strir~gs 
under different n:)"N key \Vere distinct~ so no CTVSs-ro\v 

C'\)rnpre~~ion \>{as possible. "fhe ran..don1 ~-vri:e bcnchrnark 
V<'as ;;irni!ar ex,~ept that the rc;w key \,,as hashe.d modulo 
ft ifnrnediately before ,1v·1iting so th::tt the \~Tite lo~~d \:v.as 
spr::~ad roughly unih)nnly <1cross tht--: {!trtire ro,\•' space for 
1he entire duration of the ben,c~hn3ark. 

'l'he .sequt. .. ntial tt:'tu.1 ben:::Junark generated ro,v ke;/s in 
exactly the same way ~.s. the sequential write benchmark, 
bu, insteil.d of wri\3.ng under the ri.AV key, it read the string 
stored under the l\l'W key (which was wntten hy an earlier 
i11vocation of the sequenfrai ~1dte bench.n-1ark). Shni]ady1 

the random read benc:l:m:iark shadowed the Qperation of 
the :ra .. 'ldom \,</rite b<c~nchnwrk. 

T'he scan benchrnark is .siinilar to the sequential read 
benchnn-1rk~ bu1 u~e;-;. support provi,deO by 1l1e Bigtable 
APf for s,~arming over nH v:.:tlu.BS in u row· rnnge. Us­
~ng a scan reduc{~ft tbt~ fft.Hnbe-r of :Rp(::~ exe:cu1cd by tl-ie 
benchmark sim::e a c;ingle RPC fetch-es a large sequence. 
of values from a t~b!et sen\,r. 

The rr~'lc..;.lorn rt.::.i.d.s: {tnt?r.tt) benchmark 3s shnHar to the 
random read bendirmrrk, bm the loca!ity group that con­
tains the benchmark cl:na is marked as in-memory, ,md 
therefbre the read,; are satisfied from the tablet g.::;y;.::r··s 
memory instead of rccqui.ring a GFS read. For just ,his 
benchmark, \Ve reduced the amount of data per tablet 
~erver from I GB w WD 1v1B ~o that it would fit com­
fonably ln the rncn;ory avai]ab1e to the tablet server. 

Figure 6 ~hows t1-vo views on the pcrfonmmce of our 
benchn1.H-rk~ \, .. hen readjng and '\;\/riting 1-000-,byte valu-e.s 
to Bi·gt;}b}e. The table ~~h<F-.)1aiS tht. nurnber of oper~H:ions 
per se.-cond per tabte.t se.rver~ (rte. graph shO\VS the aggre ... 
gate number of npen;tions ptr second. 

i To a1,pear in OSDl 20067 
~--•••••n~LHH• -- ........ 

Single tablet-server pe,fonnam::c 

Let us fir~t consider performance with just one tablet 
$erver. Random reads are slowenhan an other opNa,ions 
by an order of magnitude Gr more. E2.d1 n:i.ndom re.ad in­
volves the transfer of ,\ 64 KB SS'Thble block over the 
net\.vor-k fron:l GFS t() a tabiet ~ervcr, out of which only a 
single J OOO~byte va-h.ie is used. The table1 scr-icr t.~xecute~ 
appn}x~rnatciy ] 200 reads per second, \c~1hich tran~lat-e& 
into approxirnately 751'lB/s of data re~id fron1 (}FS .. rrhis 
b;inrhv-idr.h is e-nou_gh to .:.;~1turate the tab.let server CP(J~ 
bt--:cai1se of overheads jn our nt;l\VD-rking stack, SS1'.;;,.ble 
parsitql~ ,an.<l Bigtt1bie cqd~, and is. aJ;,;o .:1hnost enough 
to saturate- tht!- net,vork hnks used in our syst.ern. ~1D$t 
Bigtably apphc.:utio11s. 'i-Vith th~:-; type of {Ul acces..s pattern 
red,H,'.e the bh}(:k sfre to a sm,1!ler value, typica!ly 8KB. 

Ra.ndom reads frnm niemvry are much faster since 
(~ad, 1000-byte mud is satisfied from the tablet serv(;r's 
local memory withoiit fetching a !arge 64 KB block froi:n 
GFS. 

Random nnd ,;equentia.l writes perform bener than ran­
dom reuds sin~:t~ eitch table! server appends all incomjng 
\Vrites ton single con-u1·dt log and uses group cornn1it to 
strea.rn thes1~ writes efficiently to GFSC There i:, no sig­
ni!kant difl:ecrence between the performarn.:e of rn.ndom 
\\trite-s and st~que.nt]oJ '-'·'fHes~ in both ca~e~i~ an VtTites to 
the tablet st~rver are recorded in th~-:-: sacne corninit leg. 

SeqnentinJ reads peitOrrn better than r<~--1dor11 r{~ad~ 
~incc every 64 KB SSTab!e block: th,1t is fotcht~d from 
CJFS is stored into our block cach~.e, v-Yht~re it is used to 
serve the next 64 read re.quests. 

Scans are even faster since the tabkt server can return 
a large. number of ·values in respon~e- to a singk~ cnent 
RPC, :md tbe:r;efnrc RPC ove.rhead is mnortizecl over a 
large number Qf values. 

Scaling 

J-\ggregate th.rougt~put increH~es drai'ruLticaHy~ by over a 
factor or·<! hundre-d~ as. \\•·e increase the nun1ber of n1blct 
servers in the $)'Stem from l to 500. For examp.!e, ,he 

9 
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1 ~:~~~r i.;d)3x~t ~,rv~n.• l # \;-f ~1u~t~~ 
1 ·······;i)·--·------······1t .. T .................. }!~-·· 

j 5(} 99 20 
i lOO 499 50 

l.>.500 ................... J_ . ........... !L 

Tab!e 1: DisJri.butiQn of n.tsn1bt~r of rnbli.!t .$erver:-; -~n B::·gt~b}{.:. 
~~u~.ti;rs. 

performance of rnndnm reads from memory increases by 
almost a factor of 300 ,is the. number of rnbkt server in­
creases by a factor of 500. This behavior occurs because 
rhe bottltnC(.0k on performm::ce for thi:,; benchmark is tile 
3ndivldua] tablet s·erver CP1J. 

I~Iov/t.., .. er. perforrnance.-doe~ rioJ increase i1n.e{1.r}y. For 
mo$t benchmarks, there i:; :.i significant drop in per-server 
throughput when going from l to 50 tablet :;erver~. TMs 
drop ls cau:-;.►;.';{J by in1b~11an.ce in ~oad in rnultlp1e- server 
cont~gurations, often di.Je ae: orlter processes -c9ntending. 
for CPU and network. Our load balancing <:lgorithm at·· 

tempts i:o deal '.Yifa th1~ imbalance, but catm(Jt do a per­
fect job for iV·•lO rnai.n reasons: rebalancing·~~~ throttled to 

reduce the number <if tablet movements(,; tablet is un­
a v.ai table for a short. ti-rne~ typic~dl_y less than one second-, 
when it i5 rO\)Ved), ilJHi tlm load generuted by our bench• 
rnarks shifts a.round as the bencbinark progresses, 

'J'he randon1 reud benc-brnark ~h{'J\·,vs the vlon;t sc.:ding 
(a.n Hlcn.::a&e in aggregittt thr-oughput_by ori1y ~t factor of 
l OD for a 500-fold incre,ist~ in rmmber of servers). This 
beba\tiOr occurs he.cause:. ( z~s t\~ptai:ned nbove) \Vi~. 1;ra.nt1fe r 
one large 64-}(B block ov~~r tht~ nctV\1{_ffk for eve.ry 1000~, 
by~c read. This transfer satur~1-t~s 'lUrious ~.Jnrre<l l (}i­

gabit Hnk~ in o~:r net~vork .anQ as a result) 1}Je per~server 
,hroughputd,ops .s1gn1fo.:a1Hly &~ we increa~e the number 
of machines, 

8 Real Applkations 

As of At:gm:t 2006, there. are 388 non~,est Bigt;;b!e dus­
ters running in various G:oogte rnac.h.ine- clusters~ Y..1ith a 
cornbincd wtal of about 24500 tablet servers. Tabk l 
.sh()w~ a rough dis,rlbution of tablet servers per dusier: 
fv'iany of these cluster::; &re used for d~ve1oprnent pt1r­

pose& and therefore. are Jdk~ for signifh:a.nt pe.rio<l~. ()ne 
group of 14 busy e!u.stert; V.-'ith 8069 total tablet scrv{~rs 
sav/ t1n aggregate volurnt: of tnore ~h~!n 1.2 n1:iHi<)rl re:~ 
quests per second~ \:v'ith incotning R.Pt--:: traffic of about 
74 l 1{6/s and omgoing IlPC i:ra.ffa: of about 16 GB/s, 

Table 2 provides some data ab,xn a fo,N of the tables 
currently in use. Some tables .store data that is served 
to users, where.as othe.r;s store data for batch processing; 
tlle tables rnnge widely in t01al size, average cell siw, 

\ To appear in osm W!}6 j' 
l,.n~•••---•---•- ,.,.,_,_,.,.,.,.,.,. u, 

perumtage. of d.ata ~ervt.,d from memory, afld complc:<ity 
of the table sche rna.- In the r~-st of this sec1ion, \Ve hrict1y 
describe ho\v three product tearns use Bigtablc. 

Google Analytics (analytics.gcogJe,eom) is a service 
th.at helps \vebn1asters analyzt traffic patte.rns at t.1-ieir 
web sites. It provides aggregate statistics~ !;uch as the 
number of unique visrtors per ciay and the pags:: views 
per URL per day, a, wdl as site-tracking reports, such as 
the pe.rce.ntage of users that n1adc· a pt.:rcha~e~ given !hat 
they earlier vie·wect a specific page. 

Th enable ihe service'( webn1asters ernbed a srnuU 
Java.Scrip! program in their web p«ge~. This pmgrnm 
h invoked whenever a page is visited. It reco.rtfa vnriou~ 
info.rrnation about the request in Google 1\na]y[ics~ such 
as a user ide-ndfier i-ind 3nforn-~ation abotH the page be­
ing fetched G"ogle Am!lytics summarizes this data and 
rn::tkes it hv.aiiable re:- ,,vebn1asters. 

We bridly describe two of the tables ;ist:ei tiy Google 
ArniJytks. Tht: rnw dick table C200 TB; nrnintains 11 

rO\li/ fo:r each end-use;r sefi.sion. 'The row· niune i$ a tuple 
cont~iin3ng the vve,bsite.)s naine and tilt} tin1e at \~'hich th•;: 
session l\,•as cre.ated. 'fhi~ scherna ensures thur: se.~.sions 
that visit the san1e ~veb t{3tt~, are contiguous,. and that they 

are sorted chronQlogi(~;:t!Jy, This tabk wmpresse~ to l 4% 
of its of3gSnal siZ.e. 

llu; turnrnary tab-.ie C":20- ;-rB) contains v~irious prede-­
flncd ~urn:rnarie-8 fbr e.ach \\~ebsite. This table is gcner-­
ated from ihe raw click t,tble by periodically ,$(:hedn!ed 
l\fapReduce jobs. Each rvtapReduce job extnKts rncu,t 
session dat,1 from the ra,-v dkk tab!e. The overaH sys• 
tern's throughput is limited by the thr()ughp,it ot' GFS .. 
~fhis. tabie cornpresse-s to 29(1( .. of its original s±z.e. 

8.2 Googfo Earth 

C1nog]e ope.rare~- a coUection of services that pnrvide 
users \Vith acc0ss to high-resohlthx, satellite imagery of 
the ,;vorld's ~urface., borh through the web•base<l Google 
1faps inte.rface (maps.goog!e.com) and through the'. 
Google Earth (earth.goog!e.com) rnstorn client soft•· 
\V-are, Thesi~ products al]o\v users io navtgate across ihe 
\VQrld1s surface: they can pan~ ,,..ie\v, and annotate Batel~ 
Ute imagery at many different !eve ls of resolution. This 
system uses one table to preproce.ss data, and a different 
.set of table~ for serving t:lient daHt. 

T'hc• preprocessing pip,~1ine uses On'=.~ table to store ni'Vl 

imagery. During preprocessing, the imagery is deaned 
and conso!jda.t:;:d into final serving data. ·This table con-· 
tain;; apprnximmdy 70 tembytes of ciata and therefore is 
served from di~k, The imuges are efficiently compressed 
already, so Bigtable compression is disabled. 

IO 
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# Cx:H~ i .# (~r:)ur~u.1 

(hilliom;) j Famil:!~ ----

Tabl:e 2: Ch~1ractGri:;tics of u fe\v· t:ibk-t. in production us~. Table :;ize (aitusun:-d b{~fore compre~;$ion) and tl Ceils :rsdicatr: ~pprnxi­

ff~atc :½·~Les. (~omprcssion. rr~tfr) i-s not g1v.::s1 for' tables tha.t ha:vc ti:Jn1pres~ion dj:sabitd. 

f,ac.h ro°',v ~n the in1a.gery table {:orresponds tQ a sJn ... 
gle gengr.aphEc s~grnent. Ro\vs an.~ nan1ed to ensure that 
adjacent geographic segrne-nt~ are ston.!-i:i neat each-other. 
·rne table contains a cohu11n nunily to k~ep track of the 
sources of dHta for eadi segment This t~olmnn family 
has a large fn1n1ber of colnn1ns: essentLifly·one· for e,ach 
r:ti\\,. d~tt~ irna.g~.- Since each scgn1era is on]y bui!t fron1 a 
fe"v inHige;t thi~ colnrnn fan1ily is \•·ery spa.r~e. 

The preprocessin,g pipeline relies heixvily on ?vfapRe .• 
iJ~ce over 1Hgtab·it to tta.nsfonn d.Hhl. ·rhe C}vcrafl-s):'St>::~:rn 
proces~::;-s over 1 \-'lB/seG of d.ata. per tab1et server during 
5.i.)rne of these 1·1<lpRecltn;,e. job~. 

The serving sy:;.rf:rn uses one table to .index data stored 
in GFS This tabk, is relatively small C500 GB), but it 
n-1-ust ss;,rle tc.ns of tJ]ousartds of que.rle~ per second pe-r 
d;;1.tact~nl=::.~r \Vith lcn'f httency~ _t\s ;1 resuh~ thb; t~~b1-e is 
ho5ted acrn% hundreds oftablet servers and c.ont,,im; in­
tne-rnory c,o{urnn farnHies, 

8.3 

Persorwlized S:::nn:h (vvv.w.google.comipsearch) i$ an 
opt-it: ser,rict that records user querit~~ and clF:;;ks across 
a variety of Google pmpertie;; such w; web search, im­
ages, and rtC-\\'S. t}sers can brO\.VSe theh~ search histodes 
to revisit their old quer1es and clicks~ and ~hey can ask 
for pe:rsonaHlcd Sf:arch resuhs bf~se.d on their hi;s.torical 
Google usage patte.ms. 

Pe.-sonuhwd Seurc:h stores each user's data in 
Higtable. Each user has a unique userid and Lei as.signed 
a ro·v/ nan1ed by that uscri<L 1-\.n user actions are stored 
in a table. A separnte co!umn family is re:ierved :for eac,h 
type of action (for example1 there i~ a co]urn.n fan1ily that 
stores aH web queries). Each data element use~ as it:i 
Bigtable timestamp the rime ::ict which the corresponding 
u~er aNion oc<:.t:!Tt~d. Perwnalized Sean:-h gene.rnte-s user 
profiles U!:i.ing a. Jv1,~pl{t"-duce over Bigtable. Tfles:e user 
profiles are u~ed 10 per:~o-nahze Hve se-.arch res.Bits~ 

The ?ers.on.alizcd Searc-h data is rt~:plicated across sev· ... 
ernJ Bigtable dusters to in.creas~ ,,vaikbi!ity and t0 re­
duce latency due to distance from clients, The f-)irsonal­
ir..ed Sean.:h tea~n originally built ~1 chent~.:;~dc n.~plic.ati<)D 
mechani.s..'11 on top of Bigtable that cnsun:d eventud con­
sistency of aH wplkas. The o .. mer;t system now uses. a 
replici,tion ;;ubsystern that is built into the ;;ervers, 

The (ksign of the Persona.fa.ed Searc:h storage system 
anovls other groups to add nev1.r pe:r-user inforrnation tn 
their t)v;n coh.unns.~ and the systc.in is BO\V used by rn.any 
other Google properties. that need w store per-us.er con­
fl gur~tion optJc,ns und settings. Sharing a table anH)ngst 

rnany grm,ps residted in a-1:1 mmsual!y large m;rnber of 
column families. To hdp support sharing, Wt~ added a 
simp.!e '-}uota mechanism tn Bigtabk to limit the ~tN·· 

age consumption by any panicufa.r client in sfrnred ta­

ble-,$; this r.neChanisni provides sorne i8oh.u3on bet\\1e.en 
i:he various pn.'lduct group~; using this system for per-user 

Lessons 

rn. the pn)c;.~s:s of de::Bigning~ ~.rnplern<:uting~ n1aJnHlHHng, 
and supponing Bigtable, we gained usefo! experience 
and learned severnl interesting lessons, 

()ne lesson ;\,•e ~e~~rned is that large d!strlbuted ~ys­
terns are vulnerable to n1any types of fai1ure:~ .. not just 
the- srandard nctv4,/Gfk partitions and faH~stop ttdnres as~ 
$Unled in mm1y di,-tril:mted prowcoh. Fm exampk v"'e 
have seen problems due to all of the foHo,ving causes: 
memory and network corruption, large dock skew, hung 
machines, extended and «~ymmetrlc netvmrk partitions, 
bugs in other systems that we are using (Clrnbby ii::Jr ex­
arnple): overflo\V of C!f"'S qucitas~ and planned and u.n~ 
planned hard\Vlli':"e in:.Untenarlce,. i\.s. tve ha\"{.: ga.h)~.d rnore 
experience with these problems, we have addressed them 
by changing vmious protocols. For example, we <1dde.<l 
checksttmming to our RPC mcchanirnL Vv'e also handled 

l l 
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son1e prob!erns by :rernoving u:;sun1ptions rna<le by one 
p:nrt of the syste,in about anotheT part f'.or exarnpJe~ vie 

:,topped ass,Hning a given Clrnbby operntion could ret!Jtn 
only Olk~ of a fixed set of e:rrnrs. 

.:~nother ]es~on v..'c iearne<l "is that it is irnponant to 
delay adding ne\v fer..1tures unti] it is clear ho\¥ the nev.,' 
feature~ wiH be usei:L For example, we iniiially planned 
to support. genernl-pt,rpose transw:tions in our APL Be­
cause v,.,•e did not have an in1rnediute use for thern~ hOW'~· 
ever~ tv'e did nat irnp1e-n1eJ)t the-m. NoVil that ¥'-,··e have 
many real applic:Hions running on Bigtab!e; W(: have 
been able to exan;.ine- th.eir actua1 needs~ a..."1d !'1;:tvT~ di scov .. 
ered that rnost iippEc:ations re\1uire on}y ~ingie~ro\v rra.11.~~ ... 
actions. \Vherc people have requested distributed n:ans­
iK:tions~ the rnost irnportant u~,e is for n1aintn.ining sec~ 
ondary 1ndice~~ and \Ve p1an to add a sp(!C~a1ize.d n1e(~h­
anisrn H:J ~;at~sfy tb.i~ need~ The, ne\v rnechaniKn) }~·iB 
be l.ess ge.nera1 th:;;.n di~tribute-d tr~in~actions~ but ·\.~liU be 
more d'.ficie.nt (espt~(:ia!ly for updates t:hat spa_.'< hundred~ 
of ru\i./~ or rnore) artd \ViU also inrerac:t tx~tter ,vith our 
sche.n1e for optirni$tic cro~s~dttta ... cent(~r rephcat~orL 

A prnctical lesson that we learned from supporting 
Bigtabk. is:; the imporrn.rn.:e of proper system-level ill<Hl· 

itoring (i.e., monitoring bNh .Blgtable it.seff, as weU as 
tbe client procer>:;es u&ing Bigtable). F'or example, v.-,e ex­
tended our RPC system so that for a snmpk af the RPCs, 
it keeps a detaibd ;r;i.ce of the important actions done on 
behalf of ttrnt RPC. This feature. has allowed us to de­
tecE and Hx snany problen.1.s such as lock .conterrtion .on 
tablet dai.a structures, ~l.ow writt:-s to Gl'S ;vhHe corn­
rnitting: Bigtablc ::11uta.tions~ Bnd stuck accesses to ~he 
~,·1£·1:}\DA'lA table ~/hen tliETADA.TA tablets are unav~til.,. 

able_ i\nother exa.n1ple. of useful rnonitoring is Hntt {!V­

ery Bi.gtable cluster is registered in Chubby, This aHow~ 
,.1s to track do\vn aH clusters, discover ho\v big they are~ 
see which Vt:.rsions of our software they are running, how 
rnuch traff!c they arc receiving~ and \¥hether ot not there 
are any prnbkm,; wch as unexpectedly large fotencie,;. 

The most im!Xntant lesson wt, learned ls the value 
of simple designs, Given both the si;>e of our syi.tcm 
(about i 00/X)O lines of non~test code\ as -...veU as the 
fact that code evolves over iime in tmexpccted ,.vays, we 
have found that Ct)de arid de~ign c:htrity are. of immense 
hcip in code. rnah-H.enance and debugging. ()ne exans.~ 
pk~- of th-is is our u1blet~·~e.rver rnetnbership protocoL (}ur 
hrst protocol \VilS ~in:1ple.: the n1asrer p~~Modk:aH:y ~s&ued 
leases to tab}et servtrs\ and tabler :servers killed thern­
:,elves if their lei~,,-; expired. lJnfonmrntely, this pwto• 
co] reduced availibllity .significantly ln the presence of 
nenvork problems, and ,,ms also Si:.nsitive to ma~ter re­
covery time. We redesigned the protocol :se,,·eral tlmes 
until ,ve had a prntoco! that performed welt Ho,,yever, 
the resnlting protocol was too complex and depended on 

the- behavior of Chubby features that were ~eldom exerc. 
cised by other tipphca.tions~ \V"'e disc.,JV-c:.7red tbat vt1e we-n: 
spending .aJ1 inordinate arnount of thne de.bugging ob­
scure corner cas'"~s, not only iu BEgtab}e code,. bu1 al:So ln 
Chubby eode. Fvenn.mHy, wt, scrapped this protocol and 
moved to :i newer sirnpler protocol thm depends sokly 
on -,;,.v]dely ... used Chubby fean.rres. 

10 Related \Vork 

The Boxwood project [24] has components that owdap 
in some ,v,iys ,vith Chubby, GFS, and Bigtah!e, since, it 
provides for disttibmed agreement, locking, di~tributed 
chunk storage.~ and distributed B~tre~ stc.1rage. In Cfach 

case \~·here. therrt is overlap, it appears that the Box ... 
,vood's component ili targeted. at a sDm<:\v·hat lower kwe! 
than the cc•rre~ponding (]oc1gle ~ervice. 'The Boxv .. ,'\)Od 

project>s goa! 3s to provide i:nfr:.istn.fcture for build{ng 
higher ... k~vel :5.ervice.s such a.1 file s.y~~ten1.s or database~~ 
\~:hile the goal of BigHtble is to c,brectly support cHent 
uppli(!ation~ that 'i¥i:-;.h tc store data. 

[\-fony recent projects have tackled the problem of pro» 
viding dist..<ibtited 5tornge or bi.gher-!evd service:; over 
wide area net\vorks, often at f,~1nti~rnct scale.n ·rh3s in~• 
dudes work on distributed hash tables that b,:::gan with 
pmje.cts such as CAN [29}, Chord [32}, Tupe,;try [37], 
and Pastry [30}. These sy:,terns address u,ncerns th;:it do 
not arise for BigtHb!e, such as highly vuri;ible bandwidth, 
untrusted participants, or frequent reconfigurati,.,n; de­
eentrnUz(:d control Md Byz.~<11tine fault tolerance are no! 
Bigtabie· g~)a]s, 

fo tern1$ of the distributed data storage modd that one 
might pmv:ide w appl.ication developers, we beli(:ve ,he 
k1c'.)"•v,1lue pair model provicbd by distributed B-tr,~es or 
distr3bUtt~d hash tables is ton En1iting. }(ey-vah1e pi~irs. 
are a useful building b1ock, but they should not be ihe 
or.ly !x,i1ding block one provides 10 developers. Tht: 
mt.)del \V~ chose i.s richer thilTI sirnpie key-vaiue pairs~ 
and s,ippons sparse semi-&tructured data. Nonethe!e,ss, 
it is stHl ~irnple e-nough that it fend~ itseif to a very effi­
cient flut~fde repre:.;entation:- ar:.d it is tran~parent enough 
(via locality groups) to allmv our users to tune in,portilnt 
hebavior8 of the system. 

Several da,abase v,:;;ndors have developed pf<rallel 
databases that can store large voltimes of data. Oracle's 
Reid .AppHc:ition Cluster dawbase [27] uses shared di,;ks 
to store data (Bigrn.bfo uses GFS) and a distributed !ock 
:rna..'1ag:er {Bigtabk use~ Chubby). IBM':, DB2 Parallel 
Edition [4] is bised en::: sba.re<l.-nothing [33] ,m:.hii.ecture 
similm tO Bigtable. Each DB2 server is responsible for 
a subset of the rows in a tubk: which it stores in .i local 
:relarional database. ·Both products provide a c<)111r.~Iete 
re1ationaJ n1odel '-\;•ith tran.sat~tions. 
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I-l~gtab!e locality gro1.-1p~ realize sirn-ihrr -c-.ornpres$ion 
and disk read. perfonnanc~. benefit5; observ.ed for other 
systtim that organize dr:ta on disk using cdumn•tmsed 
n1ther than ro\v~-based storage, including c ... Store [li 34] 
and commercial products su,ch as Sybase fQ fl 5, 36), 
ScnSage [311, KDB+ [22], and the Co!umnB1'I storage 
fayer in Mon(:tDB/X100 [38], Anoti'wr sy~tem that dl)cS 
·venica} and .horizontal data partioning into Hat fi1t~3 ~nd 
ac}rie.ves good data corrrpre.ssion nn.ios ]s r\T&~·T''s Dr~y~ 
ton a databnse f_ i 9 f. L.oc~11iiy groups do nor suppt>'r! CPlJ­
cache-!evd optimizations, such as tlKl~e described by 
Aikmrnki f2], 

·rt:e rnanner in \vhich Bigtabie u~,~.s ~nen1tables ar1<l 
SSTabte:s ti) st<)re update~ to tablets is ;;rnal.ogous to the 
way that the Log.Structured 1vforge Tree [26] stores up­
dates to index d;rta. 1n hot'! system&, sotted data is 
buffered in nJeruor,Y before be,ing \l,/ritten ~.o disk~ and 
readii must merge data from memory and disk. 

C-Store and Bigtable share many d1.aracrnristics: both 
:;.ysi.erm- use a shared--nothing architecn:ire :md have two 
different dnta structures~ one· for re{:.ent \)<rites~ -~nd Qne 
for storing !ong---Hvc.J data 1 w·ith a ff1echai1'bIIi for n1.ov .. -
ing daw, from one form to the u,her. The sy5tem,; dif .. 
fer si.gnificant!y in their .t'\PL (>Store behaves Uke a 
relationat databas~, whereas Bigtab!e provides a Jow-m· 
level n:~<!d ~ind i,,;:rite interface and i~ designed to. support 
rntiny tho lk:ands of such operations pe.r second per ~erve:r, 
C-Stnre is also a '·'read-nptimiz.ed rdational DBMS'', 
whe,rea~ Bigtable provides good performance on both 
read~intc.t1;-;ive and virite.-inte.ns.ive applications. 

I51gtabJe\ ~ot:.d bah\n(!t~.r has lo $O}ve. s<nne of the sarne 
kinds of ]oad and n1ern(HJ b<~1anc-ing problerns. fact:d b~i 
shared .. nothing databaws (e.g,, [ ! 1, 351). Our probkm is 
somewhat simpler: ( l) Wt~ do not consider ,he pos:;ibility 
of n1altipJe copie~ of the sarne d..atu:- po~sibly jn alternate 
fo-rrus due to viev..~s or indices; (2) \Ve let the u~er ten us 
\vhrtt dat~i belongs in n1:e]nory a.nd 'l-vhat data .should stay 
on disk, rather th:.i.fl trying to determint: this dynamically; 
(3) \\1e have no con1p1cx queries to exectlte or optimize~ 

11 c~mdusfons 

\~le have described Bigt~b]e~ a dis.tributed systexn for 
storing structured data ~H- C!oogk~. Bigta.b}e cluster.s hav{~ 
been in pn.xbction ur,e since April 2005, m1d we spent 
roughly se\:·e,t:t perso·n~years o.n design and impteJIH~;nta~ 
tion hcfore that date. A.s of August 2006, more than sixty 
prc~kc:ts are using Bigtable, Our users hke the pc!rfor .. 
rmmce ftnd high availability providt.~d by the Ihgtabk, im­
plementmfon . .ind that ,hey can scale ;.he capacity of their 
cht~ter~ by ,s.in1ply adding n-1or~ n1achinc:s to ihe sys~t~rn 
as their rt~scHJ.rce dernHnds change DYt',f titnc .. 

i Tn appcm· sn OSDi 2006 i 
' -~~~~~~~~,,._ ~ nnnn••n---' 

Given th.e t.n:usua{ interface to B~gtabie~ ~uJ interc~t~ 

ing question. is hcn..v difiicu.h ~t has b~~!~r't for our users to 

adapt to using H. Ne:,v users are son:K~rin1es uncertain of 
how to best use the Bigt;lble interface, par1.-icu!arly if they 
am accustomed tQ using relational databases t,1;at support 
general~pt:rpose transactions. Nevertheless, the fact thut 
many Goog1e products successfully use Bigtable clernon­
str.ates that our dcsig·n \VOrks \~/CH in practice" 

\Ve are .in the process <Jf implementing sevcr-J.t addi~ 
tiorml Bigtable featmcs, such ,t~ ,mpport for f;econdary 
rndices ,md infrnstri.lcmre for building cross-dm~H-'enkr 
rephcaied Bigt~ble.s \vil)1 ffHdtiplc rnaster replicas. V'./e 
have alsn begun deploying l~·igtab]e as a servlce to prod­
w.:t groups, so rhat individual groups do nor need to main, 
tain ~heir OY,.1n clusters~ .;\s our service ciu~ters scak\ 
\v.e \viD need to dt"!~i '\Yith n1ore resource~•sh2.1ing issues 
witi'lin Bigtabk i1sdf [3, 5j, 

Finally, we have found that there are i;igniikant ad, 
vanwges to building i)Ur ov,..n stornge solution :J.l Googk. 
We have gqtten a sub~t.antial amount of flexibility from 
de.signing our O\Vn data rn.ode.i for B·igtabk:. fn addi~ 
tiOn~ our contrGl over Bigt~ib{e"s; irnp!ernc-ntation~ and 
the uther CioogJe ipfrs~tructur-·e upon 'l-thi(.·h Bigtab}e dt!­

perid&) n-:.canf; that \~/C can rernove bottlene,cKs and incffi­
t~·icncies .a.;; they ar~sc 

\Ve thank the an.on)'·1nous revi{~\~/t!-f&:- Davki N·agle=- and 
ou:r shepht;:rd Hrnd Calder, for their feedback on thi1; pa­
per. The B.igtab!e system has benefited greatly from the 
feedback ofour many useri; within Google. 1n addition. 
we thank the following people for rhe.ir coniribution.s to 
Bigrnble: Dan Aguayo, Samcer i\jmani, 7.Jiifong Chen, 
Bill Coughrari. Mike Ep~tei;i, Hcalfde-nc Goguen, Robert 
Griesemer, Jeremy Hylti)n, Jo:;h Hyman, A!ex Khe~in, 
Joanna Kulik, A!beno Lerner, Sherry Listgartefl, rv1ih:. 
Maloney, Ed,1ardo Pinheiro, Ka.thy Polini, Frank Yel!in, 
and Arthur Zw\egincew. 
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USPTO. Please see http://www.uspto.gov for more information.) 
AUSTRALIA 201 0202782 07/01/2010 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 02/10/2011 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/017,866 
Projected Publication Date: To Be Determined - pending completion of Missing Parts 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

CLOUD DATA PERSISTENCE ENGINE 

Preliminary Class 

709 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/017,866 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 82 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 270 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 110 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= X 26 = 0.00 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 110 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $270 ($135 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 462 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 
Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

13/017,866 ,01/31/2011 

20350 7590 03/09/201 I 
KILPATRICK TOWNSEND & STOCKTON LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

Albert J. McGowan 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

P.O. Box 1450 
Alexandria, Virginia 223 IJ.1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

028406-000710US 7494 

EXAMINER 

ARTUNIT PAPER NUMBER 

2447 

NOTIFICATION DA TE DELIVERY MODE 

03/09/2011 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

Docket@kilpatricktownsend.com 
ipefiling@kilpatric~townsend.com 
j lhice@kilpatrick.foundationip.com 

l, : 

! ',I, i 

PTOL-90A (Rev. 04/07) 
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KILPATRICK TOWNSEND & 
STOCKTON LLP 
TWO EMBARGA.DERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO CA 94111-3834 

i ,i i 
• 'I I 

In re Applicatfrm of: McGowan et al. 
Application No.: 13/017866 
Filed: January 31, 2011 
For: CLOUD D~TA PERSISTENCE 
ENGINE 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

WW\N usptg.qov 

DECISION ON REQUEST TO 
PARTICIPATE IN PATENT 
PROSECUTION HIGHWAY 
PROGRAM AND PETITION TO 
MAKE SPECIAL ~,flf_~ 
l.102(d) 

MAR oq 2011 
DIRECTOR OFFICE 

TECHNOLOGY CENTER 2400 

This is a decision on the renewed request to participate in the Patent Prosecution Highway (PPH) 
program and the petition under 37 CFR 1.102(d), filed January 31, 2011, to make the above­
identified· application special. 

The petition is GRANTED. 

A grantable req':lest to participate in the PPH program and petition to make special require: 
' • 

(1) The U.S. application is 
(a) a Paris Convention application which either (i) validly claims priority under 35 U.S.C. 119(a) 
and 37 CFR: 11.~5 to one or more applications filed with IPAU, or (ii) validly claims priority under 
35 U.S.C; 119(a)/365(a) to a PCT application that contains no priority claims, or 
(b) a national stage application under the PCT (an application which entered the national stage in 
the U.S. from a PCT international application after compliance with 35 U.S.C. 371), which PCT 
application (ifvalidly claims priority under 35 U.S.C. 365(b) to an application filed with IPAU, or 
(ii) validly claims priority under 35 U.S.C. 365(b) to a PCT application that contains no priority 
claims, or (iii).contains no priority claim, or 
(c) a·so~called bypass application filed under 35 U.S.C. 11 l(a) which validly claims benefit under 
35 U.S.C. 120 to a PCT application, which PCT application (i) validly claims priority under 35 
U.S.C. 365(b) to an application filed with IPAU, or (ii) validly claims priority under 35 U.S.C. 
365(b) to a PCT application that contains no priority claims, or (iii) contains no priority claim. 

. I .( 

(2) The IPAU application(s) has at least one claim that was determined by IPAU to be allowable. 
Applicant must submit a copy of the allowable claims from the IPAU application(s). If the IPAU 
office action does not explicitly state that a particular claim is allowable, applicant must include a 
statement in the .request for participation in the PPH pilot program that no rejection has been made in 
the IPAU

1

office action regarding that claim and therefore, the claim is deemed allowable by IPAU. 

I' 

1. ·i 

.. i 
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\ 

(3) All the claims in each U.S. application for which a request for participation in the PPH pilot 
program is made must sufficiently correspond or be amended to sufficiently correspond to the 
allowable claims in the IPAU application(s). Claims will be considered to sufficiently correspond 
where, accounting for differences due to claim format requirements, the claims are of the same or 
similar scope. Applicant is also required to submit a claims correspondence table in English. The 
claims correspondence table must indicate how all the claims in the U.S. application correspond to 
the allowable claims in the IPAU application(s). 

, I 
(4) Examinatio~' of the U.S. application for which participation in the PPH pilot program is 
requested has not begun. 

(5) Applicant must submit a copy of all the office actions (which are relevant to patentability) from 
each of the IPAU application(s) containing the allowable claims that are the basis for the request. In 
addition, applicant must submit copies of any office actions (which are relevant to pat_entability) 
from the IPAU application(s) issued after the grant of the request for participation in the PPH pilot 
program in the USPTO (especially where IPAU might have reversed a prior holding of allowability). 

(6) Applicant 'must submit an information disclosure statement (IDS) listing the documents cited by 
the IPAU examiner in the IPAU office action (unless such an IDS has already been filed in the U.S. 
application). Applicant must submit copies of all the documents cited in the IPAU office action 
(unless the copies have already been filed in the U.S. application) except U.S. patents or U.S .. patent 
application publications. 

'.·~ 

The request to p
1

articipate in the PPH program and petition are found to comply with all the 
above requirements. Accordingly, the above-identified application has been accorded "special" 
status. • 

Telephone in~uiries concerning this decision should be directed to Christopher Grant at 571-272-
7294. · ,!,), - • 

1 .,, 

All other inquiri,es concerning the examination or status of the application is accessible in the 
PAIR systeµi at _http://www.uspto.gov/ebc/index.html. 

I,;! 

'' 

I 

The application is undergoing pre-examination processing. Once it is released for examination, 
the application will be forwarded to the examiner for action on the merits commensurate with 
this decision. '· '· 

/Christopher Grant/ 

Christopher Grant 
Quality Assurance Specialist 
Technology Center 2400 

j.: 

Petitioner Disney Ex-1004, 0103



Jul 23 12:58PM LHSFRSET 

~ .. ~._....,......,.. ................. "O.,. ...... ~'-'-™'-'-'-.. '-................. ~~~,;_,_,~ ...... ,;...._, .. ~, ... "i,Ni.~-._~,._~"¢,..~ .................... ,',::_ :: . ....i~L•~ ~ ........... ~,x,.,;,,.~ ... ~V!l'f<"V~•,'\,/ .. •• ... • .. '',ll, .. '1, .. /,.',.'\,_......,_x.,.~,"-.'\."'-'"'\),.' ... ' '''''''''~'"""'''' ............................. ~~~ ...... "\ l ?O~VEt{. OF A'fTO~N£Y TO P'RO-SE:Cll'!'E A~?lJCATH)M$ BEPO~E 1'H~~ U:$?TO . j 
.. ~~~~~~-.J~,~ ........ ~:__ ... ....,_"'-... ~~"%.~~~~~~~~,.~~~~~~t'-..t..~~~~--~'»~~--~~.?'~~~~~~'v.". ............ :;.;.~'.._\~~t:;\\'t:.,~~~~~~~~ .... ~ 
] t h(y.f{~:t-:f r~:.t~~$ sJ} pt8V~t~:.J~. %\,;i~~C:S· of a~~y .ghte1t ln th~ spp{h)~~~~n id~t:i~sd ~n D~· ~it~i:ef:00 t~t-:~~tt~$)'1t ~~}d~r J 
~ .... ~~'t. ........ (lf~l.';,_I~(?l• ..................... ._._ .......... ~ ............................... .....,.,. ... "':,.._""'-.:,.. .. ,., ~--.. _ ~ ..... .,.,.,,""· .. .;.;.;..... ................ .....,._,,,-»,._...-w-. ............................ , ...... , ............. ...,..;.;,....._ ............ .,,,_ ~ 
f l h~~~*t:Y sp:~rst ~ 7 ~ 
~: ~r:x ~ ,~-~~~~ _J ~ 
.r ti~ ?ra~~~~":@.'":$ ~s:s~~~~ "flith -~ ~ t,.J~;mt°::$:"; I ~~:~~t~ ~ ',;,: ·.. . • I ~ ~ff ,._ ., _________ ........................................... , .. - ........ -:., .... x.,.~.... l 
~ 0 ~ra~n~{&) na.~~it:: ~~ ($t :"t:--~re ~~~~ ten ~«:~r:.t ;:-rn.:::rlt~~~t~'1S ;,3:~· i~oo ~;sm~d, ~:v{:.-$; ~~~~d~rt-~~~ ~::;.SS;t oo~.J~OO:}: [ 
1 ' ~ $" .................. .;-.. .... ,-...,, ..... '>-~'-'-'''' ....................................... ..: ..... ..: .. --...~X'l,..'-,:,,. ...... ~ ................................ ,~ ............. ..,,......,,_ ...................... .,;.,x .. ..-.. ....... ............................... ._ ........... ~,O,,,x,,;x,.."",.">!>,......,, .................................................. , ......... ,...,...,_, .. ,,,....,_,Vl,.,~'w:",'-""-''-........................... .......x..;:....~ ~ 

!: ~ ~~rn~ -----~ l r;(~t!~';;;~~~ " Nmn$ i ;,,;'i=?l I l 
~ ~'''"°'""" .... .,,.,,....., ...... ._ .. ._ .... .,,_-..:-,-..-..-..,,,_..,,.,,_,,..._..._..._, .. """ .. "'-.. ~;,- > < ...-. ...... "-,._.,,t-.. ,._,.,, •• ....., .. ,..._,.._..._..._""-"-'"''«"»~~:9:!-.. , ........ "WY.~~'-.~'-.~....,_-,~,..._""'...._...._,,,"""""""' '>»~>» X ~~N,-" .. 1:"' ., •• ··:,·;-;,·;,;,;,;,:,~ .~ 

~ i 1 ~~t l ~i ~ ~",.'l,..,_,.,~ ................ ~ .............. ,,w'9!.>I .. ....,.., .................. ,~ ............... X,,. .... ,~ ....................... ~ ...... , ............... -.,,,;,e,,-.:-:..,,, ... ~ .. ~~~--............ '(:~:::, ¢ < « -(.,,. ....... ~..._ .. ,.,._, .... .,. ............... ~ ................................... ~~ ~ 

i ~ { ~\\i~ % .I t ~ §,.~ .............. ~ ..................... Xv.,-v,;:(>,;: : ................ ~"-»,,,.-..-..-..-.....,,~,-.:-:..-.-.:-, ...... ~~~ < ....................... -...v.",, ...... - ~ .. ~ .. '-""""''-..:,,,,.,,,.,,,.. ............. ...,,.. ..... i: ~ 
~ ~ • :§.~~ ~ ~ ~ 
~ ~ : ~~ {.: ~~ 
~ ~:-.~..._..... ................. ~~--.... ,.. ...... , .. , ....................... ._ __ ,~,, .... ..._..._..._, ... .,,,.. .. ~,:,,,: , ..................... ~:::::i: ..,.,_, ...... _,,, ......... ,-.... ~..-..-,-.., .... ,,~--~ ...... ~ ~ 

! /,,---"'~"'-"""'"-""''"""'-"'"'"''"""""""""'_,J•»>»">"""'-"-'" ·" ;;,:: '"'"'''"'""'"-««<« '-·-'"''"''"'"'""""~L,,_,,,""""~~-J l 
i ~. ~ . . t i i 
~ ~ aa:: < ,._......,,..,.........._-..,..,.; ________ ..,..,,...,~~ .......... ........,.. .... .....,.,,,,._ .......... ,.,.,,., -_..._ .. ,.:,,v,, ....... -...-~~...:..x'<'o.,..._,..._,..;,,,..,.'.'.,.,.,_.,..,.....,..»"' ....... ;- c~ce::~ ~,'-X",,,, .. x•, ... :, ....... ....,....,,.,~ ~ 

i ~ ~tS:::r!~~~tB) ~ ~t{ss) ~t r&~x~*~'1t ~~t ~:r~~~~~~l\W ~~~~~ :§bs .. ~h~tt~~1 •~~1~~ ?~~ie:Ji.{~~· T~®rn~~ ~~~.s.(t}S?"'f'?! ·m .w,.1~,d~~ ~~th l 
i ~::~f ~~ ~t~ p~~-:~ ~p~k~~:~~"::S ~~~::g~~ ~: ~;;• .~~ ·.'-;:~,a~;Jt~~ $~7~JJ(~~f~~)~~~.:~~::~T\) m~~~>:i1~~.:~~~i .. ~ ·%~~~"1~~~:~~t rj~~!h::~ j 
t. «tt$C~~: to tt~s ~~1::· f:.9 ·~">t~❖~i~r~c~·~~~)· S7 Z~~1 ~.)~¢~} .. ) .·~i~1&r ~mh~~~~~-~-. ~~rt}~· ;..s~~.~~t.~:W~~ ~~~*~~~~~~:~. ~ ~~'t°'~':..~~ .. $:· ~t~~{)~'i~ $· 
t ()ri~·- ~~.i- l~~:~~~ ~:.i-. !\1.~t•}:s..~\ %~B:: ~~~~·$\.~1--._~'$; ~~)~f to <~;f!~>:~· ~~ .. ~nm~~ ~~::.{j.t'$:ta~::s:.~ th$ w~)t.~~~~r~ e»s..~m~~ ~~ ~r:y :S:~':~ ~:~ ~~); ~ 

~~!!~~l~~~!~~~~,!~~~~:~~~~!~~~&t~~,._....,..,._,~,~,.~-""'""""· 1 ~n ~ ~-,.,.,..,,~ .. ._.,.,._...,~v ;: <; .<, .. ~❖~ 
::: . . . . . . . . ·.·. . . . . . . . ' • ' . ~ 
}: Pte:a~~1 lr~~ ~,~ ccn.:~~pc:M~~ ~t:t~~· ·for ttw a_◊~k:~~'-',q f.~~--:t:~"Jd .}:) ·t~~- :m.~~·~i :~~~'?· ID--m$t 31 C~R l.o/l{b-f ~o~ ! I !,~---•---··--- • '"-"""-Jl l 
~ ~ .. , 2:ttSSO ~ £~?;) Th~~~~ ~s:-0--~~~~~ \~~t~ (;ijstv-~sr N~~: : 

[ OR =-----•--•·""""•-----•••'.:::--------•-••--•••.•••••• ,w~ •••--••--~------,w✓ ,-••--•-----
1 f C:J[;~~~~~~!~~eJ, ______ . ~------ -----· ________ _ _________ ......., t 

I 1 ·"'0'-~~""' : 1 ! 
' .,,__,_.,-•-•-•••--•--••••-·~->•••-------· -----~'""""'"" •------• • -•-----·•-M-•~ ! 

I f ::~ 1-~~:~~~~~~,.,,,. .......... ---~.~ ...... --.. ----~=- 1 •m•;-~~•=--J_"._ =--- ~11 
X , __ .................. .._.n~ ____ ..___ _ ____ ...... ,..._, ...... _ ..... _ ..... ~ .... n•••--------------,.......--•----• M',_M._.._.,.,,,m--._ • ........................ ,,_..._., ...... _' ~ ~ 

~',~'i.~"<;.,~~ (f~;~-;,--;;;INa?~;~-,,,,,,,,,,,,,,,, _______ ,.,_,,_,,,, .... _,,,,,,,,,,,,,,,,,.,.,,,,,,,,,,,,~,,,,""""'""""""''~------------~ 
~ ! 
~ Un~~t-~~ .. l1 Mw.1~:-:1) ~oc~ j 
i 24 \V ~~ ~{~: S·tra$i 1 
~ "r.:•,-.. ...,,.,:...., :i$. --.~ .. ,;;}" ... :, .. ~ .... I ~ .. ~.;,.:-.... .;$: ... • ~ .. -... ... ,,~, .... , ~ 

~ 
~-...._ ....... -i-....._....-.~ .. ~'-)o.'"-'''....,...........« .... «❖:,,:,.x-.:,.;-..,;,;,,,......_....,~~-,,:, ~ ;,.,».-..:-:,..~-.:,...x--,.,~~~~,""'''........._,,,,..._..........,...,..,....,....~,~~«~..,,..,._ .... ,.,_ .. ,-..;,.,,,.~~ 
I .tx {:~~"$:t' i..~f thtt tm''t=~~ Wi:S:~':~r ~1th ~ *t~~~":-t~~J1t l$ntl~r 3-1'" CfR ~ 73\0-} {f>)~~1 PT(l!S~~ ~f ~~1ttf:::.~~m) l~ t~~~it~~ hi ~ l 
! tH~~ ~~1 ~~h ~~~~~~';:rt h.,~ ~~t1~~~ ... ~ ttx.~$ ~❖~ i~ u~" 1tm ~~~~~t ~~n4~r $1 C~ S,.n{~l ~~)' t~ (:~~1~~cl ~}'l ~-~~ ~f ~ 
it:~ ,r~~kw'~~ ~~"'$~tX~~d i~t ~h~} i~~ .. ~"t~ f-f tt~ ~ii1$d ~i~'Wt i~ ~is~n~~'$cl ~ ~t ~) i~i:::Wf ~~it~~~~~ l 
~ ~{"1d ~~St--.\"$~ ~t.W!~t}W §.t~ *~~~t®!i~~ ~~ ~ .. h~~h it~~~ ~◊~~~t2t .. ~~~~t ~ m~~ ~m~ r 
~.;.,,.'"-"-'-'-'-'---,~, ......................... ..:.,,.~-.;..,,~.._.......,....... ............... ~-.. ~ ............... ~ :>t.."-~~ .. ..,,,,,;,,;..:..,,.....,.. ....... .,,-:.: .... -~» ~ 

~ SIGN'"'-'°r''~ ~ ~~~(l•R~ro f 
[ 'The i::\d!<,i~~n,j wr,y~"..~ti>'<= mi:-::l ~-;:;:;~{-"-'>i~~ ~~,;;w i,. ~;m,.ii:id !.e &,; ·,m bdimf ~£the £.%6~~ ! 

t~~::::~1=~:~~~;~~~!~S~:=-~----~----·~~,<-•·-· ~~~~~~--f:i:-,;:-~~~=/D , l 
~~ 

Petitioner Disney Ex-1004, 0104



r~~~ ~\PPL[C,-\'l!ON_~1-.r1~~~,;l~LZ'"._.'"'"w'~[~nnn~~~~ FlL~NG CRYn<C) .t:1\·Jg 

tr:-,: t·:'Vi :, :-rr--~ T~::~: ?'}~!~:=-.:~ ii ·n:.~ t·"':·r c;::=- ( ·~ >:t-.·1 :~-~ f ;=~(·;:.:. 
Onit-t:<l 8t.,;tt-:::~ P~=t'hH:i. t ._,t::J Tti:cl~!))~.:tk Offi-t~~ 

At,!~:-:~~ -~:g{!<itrt1t<;~fR l:';JJ'<. t"AT~(N":''.i 

~\!.::.1..:v:.;~~, Vi.~co.i,l 7:.".."~J1--J~~L> 
W'h•Y..•~:.-<~tt.,,.:,~•{,v 

13/017,866 01/31/2011 Alber! J.1'kGowan 
CONFIRMATION NO. 7494 

20350 FORMAUT!ES LETTER 
KILPATRICK TOWNSEND & STOCKTON LLP 
TWO EMBt\HCADEFlO CENTER 
EIGHTH FLOOP. 
SAN FR.t<.NCiSCO, CA 94i 11-3834 

Date Maiied: 02/16/2011 

NOTICE TO fll.E MISSING PARTS OF NONPROV!S!ONAL APPLICATION 

FILED UNDER 37 CFR 1,53{b} 

Fifing Date Granted 

An application numtH:ir and filing date have been accorded to this a.ppHcation. Tr1t~ ltem(s_) indicated below, 
howevef, are missing. 1\ppiicant ls given TWO MONTHS from the date of this Notice within whlcri to me ail 
required items below to avoid abandonment Extensions of time may be ot)tainEKi by filin~'J a petition accompanied 
by tt1e extension fee under the provislons of 37 CFR U 36(a). 

• The cath or declaration is rnissing. 
A propedy signed oat!? or declaration in complian0-e with 3? CFH 1. 63, identffying the application by the above 
AppHcation Nurnt)er ano' Fifing Date, is required. 
Note: ft a petition under 37 CF.n 1 A? is t1eing filed,. an oath or declaratfon irt compliance with 87 CFh' 1.63 
.sfgneo' fJy all 8.\/,.q.ffable joint inventors, or ff no inventor is avaih,W)fe by a party 'Nith sufficient proprietary interest, 
is required. 

The applicant nerc.1ds to satisfy supplemental fees problems indicate(1 below, 

The required ftem{s) identified below must be timely submittEKi to avoid abandonment: 

• A surcharge {for late submission of filing fee. search fee, exarnination ff.:e or oath or declaration) as set fortri in 
37 CFR 1. i6{f) of $55 for a small entity' in compliance wlth 37 CFR 1.27, must be submitted. 

SJJMMARY.OF.FEES DU__f_;_ 

Total fee(s) required within nvo MONTHS from the date of this Notice is $65 for a small entity 
• $65 Surcharge. 
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Replies sMuld be mailed to: 

Ma!l Stop Missing Parts 
Cornmlssloner for Patents 
P-0. Bo:x: 1450 
Alexandrla VA 22313· 1450 

Re~Jistered users of EFS-\.Veb may alteimatively submit their reply to U1is notice via EFS-Web. 
nitrX'Ll-:'!.?.R.Qital uspto .QQ'{L~.._ulM,ntiJ::atfu'.Authentlcatel.Jserl.QQ&!;J?.EJ1tm\ 

For more information about EFS-Web please cal! the US PTO Electronic Business Center at ·1-866·217•9197 or 
visit our 'Nebsite at l1ttp:i/www.u~to,gov/ebc_,_ 

If you are not using EFS-V./eb to subm.it your rnp/y, you must include a copy of this notice. 

ltkJ 

Office of Data Management, Appncatlon Assistance Unit (571) 272-4000, or(571) 2724200, or i-888-7H6-010'1 
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Electronic Patent Application Fee Transmittal 

Application Number: 13017866 

Filing Date: 31-Jan-2011 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Filer: Karam J. Saab/Corina Aschenbrenner 

Attorney Docket Number: 028406-00071 ous 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Late filing fee for oath or declaration 2051 1 65 65 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension - 2 months with $0 paid 2252 1 245 245 

Miscellaneous: 

Total in USD ($) 310 
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Electronic Acknowledgement Receipt 

EFSID: 10264118 

Application Number: 13017866 

International Application Number: 

Confirmation Number: 7494 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Customer Number: 20350 

Filer: Karam J. Saab/Corina Aschenbrenner 

Filer Authorized By: Karam J. Saab 

Attorney Docket Number: 028406-00071 ous 

Receipt Date: 08-JUN-2011 

Filing Date: 31-JAN-2011 

Time Stamp: 19:30:17 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $310 

RAM confirmation Number 7963 

Deposit Account 201430 

Authorized User SAAB,KARAM 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1890044 

1 ResponsetoMissingParts.pdf yes 9 
b 7 463 3 3 79 794 3 cd d0cae3 cO 73 855 9a 14b85 

fc556 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Extension of Time 1 1 

Transmittal Letter 2 3 

Oath or Declaration filed 4 5 

Assignee showing of ownership per 37 CFR 3.73(b). 6 6 

Power of Attorney 7 7 

Miscellaneous Incoming Letter 8 9 

Warnings: 

Information: 

32060 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
e55fb5151 dba2448f1 7127c1 c9282984f38b 

e8e5 

Warnings: 

Information: 

Total Files Size (in bytes) 1922104 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTOISBJ22 (!37--0s;, 

~ PEnT!ON FOR EXTENSION OF TiME UNDER 37 CFR 1.136{a) 

! 
! 

Docket Number (Optiorrn!} 

f FY 2009 9285,'.HS8163 
(P~~s i;1.1rs1,,mt ta the Consolida.teri AalJtcnri&.tfons Act, 2005 m.R. 48UJ!.l 

Application Number 13/017,866 Filed January 31, 2011 

For CLOUD DATA PERSlSTENCE ENGINE 

Art Unit 2447 Examiner Not Yet Assigned 

Tt1is is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
appHcat:ion. 

The requested extension and fee are as follows {check tlrne period desired and enter the appropriate fee be!ow): 

□ 

LJ One rnon lh (37 CFR 1.i7(a}(1)) 

r7 lJ Three rnont hs (37 CFH "L17{a)(3}) 

LJ Fourm onth:s (37 CFR U7(a)(4}) 

0 Five mo riths {37 CFR ·1. ·17(a}(5)) 

Fee 

$490 

$1110 

$1730 

$23.50 

Applicant daims smail entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enciosNt 

Payment by credit card Form PT0-2038 is attached. 

Small En!l:tv Fee 

$65 

$245 

$555 

$865 

$1175 

$ 245 

$ 

The Director has already been authorized to charge fees in this appllcation to a Deposit Account. 

The Director ls hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number 20,. "143""'0,...._ ______ _ 

WARN!NG; lnful'6'l1a~or1 on fuls fo.i-m may become pub!!c, .Credit t:.i'!n:! !ntonnath:m shoukl not oo !nchided on this form. 
ProvidQ t.roolt card lnfurmatlcn aild m.tthorix.Jfam O!'l PT0•203!1, 

I .am the D applicant/inventor. 

D assignee of record of the entire interest See 37 CFR 3.71. 
Statement under 37 CH~ 3.73(b) is entjosed (Form PTO/SB/96), 

0J attomey or agent of record. Registratio,r-(~'~mb¥4_t~6"'"4"".""'! ""'90.,____ ________ ~ 
rt attorney or agent.P~~.~r 37 Cf:Jf'"'i··.3:$:(

0

:>·· _.-· ·<>/ 
Registratior,.-rr~~~h'er If actir,;fiir;d~f".'F Cf)( 1 .~4 __________ _ 

__ _//=:~~=~~r~2,f 
• Type<l or printed riai+,e 

Date 

303.607.3362 
Telephone Num~r 

NOTE·. SI-Oti~h..,:es of an the inventc,rs or :ass~gnees of teC"O·rd ct 'U'le ent~re ~nlerest or ttmlr re:presentaUve(s) are req;_~ife-d. SubmIT muttlple tom:s if more than 
one slgn.alllre l~ reql~i:red,. sE!a below. 

[] Tota! (l! ......... __ forms are submitted. 

63473591 v1 
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! hereby certii)·· that thi~ e-orrcspo.nden.ce is bt"=ing filed ,1~, 
EfS--\lt;'eb with t!ie United S,ztes I'at1mt wd Trademark Office 
on June K 201 l..................... -"·------------------------

PATENT 
Attorney Docket No.: 92853°=798163 

KlLPATRlCK TO\•iNSEND &: STOCKTON LLP 

By:_ -----••u••-un••-------- l(:orin.a lr-':. AS·Cht~n{)rer:.n~r/mmmmm,mmm, ........ 
Corina K. J\s,.)w:sibrcnner 

IN THE UNITED STATES PATENT AND TRADElV[ARK OFFICE 

In re application of: i Confim1ation No.; 7494 
I 

! Examiner: Not Yet Assignt~d 
l 

r\rt Ur1it: 2447 

Albert l McGcn-van 

Application No.: 13/017,866 

Filed: January 31, 2011 TRANSMITI"AL LETTER .... 
RESPONSE TO NOTICE OF l'vUSSING 

For: CLOUD DATA PERSISTENCE 
ENGINE 

Custon1er No.: 20350 

Mail Stop Ivfissing Parts 
Commissioner for Patents 
P.(\ Box 1450 
Alexandria,. VA 22313 ~ 1450 

Comn1issioner: 

PARTS 

Pursuant to the Notice to file lVfissing Pa,"ts ofNonprovisional Application, dated 

Missing Parts, enclosed are the following to he made of record in the above-identified 

application: 

Small Entity: 

1) Executed Dedaration 

2) Power of Attorney and Certificate of A.ss.ignee Under 37 CF.R. § 3.73(b) 

3) Petition to Extend Time 

4) C'.opy of Notice of Missing Parts 

Pleas{~ charge credit card nrnvided for the fo!kn:vimz, fees: ... ' "-' 

(a) 

(h) 

Filing Fee 

Search Fee 

,.; 

$0 

$0 

Petitioner Disney Ex-1004, 0113



Albert J. Iv1c:Gmvan 
Application No.: 13/017,866 
Page2 

(c) Examination Fee 

(d) Application Size Fee 

(e) Excess Claims Fees(§ l.16(b), (c)): 

x$52= 

X $??l'\ = 
.. -- J 

(f) !viu1tip1e Dependent Claims 

(g) Missing Parts Surcharge 

TOTAL FEES TO HE CHARGED 

$0 

$0 

$0 

$0 

$65 

$65 

The Commissioner is hereby authorized to charge any additional fees associated 

with this paper or during the pendency of this application, or <,:rndit any overpayment, to Deposit 

Account No, 20-l 43(L 

Customer No. 20350 

KlLPATRJCK TO"v'/NSEND & STOCKTON LLP 
T\NO Embarcadero Center, Eighth floor 
San Francisco, California 94111-3834 
Tel: 303-571-4000 
Fax: 415 576--0300 
K4S:cka 

63473570 v1 
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DECLARATWN 

,\'ly residence, post office address snd cltizenship are as stat..~ below ne:xi: ID my mnue; 1 bclkft: I attl fae orlgir.z:!, l:it$t ai:id sok 
bv~tN (l:f c,'lly one name fa Hsred ooh?<') os- an o:rig§naJ, ti""t and jomt inv~tor W:pJm:<l:l f:nvis'tcrs Wt.\ rus."l:l<:.0 hdow} ofsbe su.i*:~::t 
m~ttier -wEch. is cfo .. tm~ an.<l f<n" whkh a patent is. sought <::<n ili.e: mv~cntion Mtitkd: CLOUD DATA P'f!.RS1rt1'E:t¥:Jl tNZ,fr,;'E me 
specm"ation of wh:let\ __ iS: ~.ed he$\.-'t0 or .X wM filed on J&iu:ist;' 31, Zt)U as Application No, 13/0 n;S<ro a:"l<l was asi1:ex,:ded 
en .~ _____ {if appfk:~h!e}. 

I have !'l..'Vfo"-s'W and unifo:tt,~ fue ~ of the :ilswe idetrtified s~dfic.mt:n, i:n.dw::Eng the drums, as ~mended by any 
,m,aiimenr referred ti.) ooove. i ~ctm,:,wie;_!ge fue aiJtj.' t◊ msdose ai1formauon which fa ~ri~ tc: fl<~:nts:bili:cy w cteimoo h-i 11tle 37, 
Code offedcral fu;gu!ations, Section L56. J dci.rn foreign prbrify benefits under Title 35, United Smt~s Code,. &>:tJon 1 l9 of any 
fosdgn :sppticatis.);'l:(s.) tot pmem ot fo,,mi.ror•s oortHkme Htiied bi!ow and hmit afao i.det:iifiM bclm.'>' miy :fortoign s;~;rlfeation fur parent 
or 1m•l:'ntnr's certi!'.k:..st,e h,s.vbg ~: ftl.ing d!!l.e before th.at of the qipli~ilion oi. whi~ 1~i,:dty is cfai..~~,d. 

I focth~,tl~:,,-::l~e tbt aH f~terrHKrtnnwe hmm ,ofruy o,m lowwl«l~ a~ m.lf :md mat all stmeme,its made on in1b,•tna:tion tmd !m!ief 
Rt¢ bdii::ved to be m,e; and furfhm- ti~ tltt>Se sraremer.ts were made v.ith the know!$ii.(c;e that willful false ~a,.~~tttt w,4 th~ !ik~ ~o 
made i:t,e pumsrub!e by fine or im%hMn1~1,t, or bcth, under SW,:km 100:l of Title 18 ◊fthe Ddtd S:<-,ates Code, and that sucii: wlHful 
f-e.1s~ s~iti-n.1ents nm.y jeop.ardi}~t~ the vu1ki1t:l of tile ~licatiori or any ~~it issuing th~. 

1 ofl 
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DBCLARATTON 

As a bdo,,:;., r;a:rned inventor, l dechrre that: 

l\{y residence, post office address and drizenship are as stated below ne:<.t to my name; l believe I am the origin.al, first and sole 
inventor (lf only one name is listed bdi)w) ,x an original., first and Joint h}vt::ntcr {if ph,rnl inventon are named belo>.v) ,:if the subject 
matter which is dalmed and for which a patent ls sought on the :lnvenb}tl (':fltlti!~d: CLOUD DATA PE:RSISTfNCE ENGINE the 
specificition afwhich __ is attached hereto or ___ X ... was :filed on January 3l, 2011 as /1::pplicatiou No. 131017,866 and wac3 mrtended 

nn -----···--··--···--··--· (ifepplicable)_ 

I l:mve revie•.ved and understand the contents of the abi:ive identified spec::ficatfon, including the claim~,, as mn,,:,nd.ed by a1ty 
,trne-ndment referred 10 above. r acknowledge th.e duty tu disclose infornmtion which is i:nate1~&l tc, patcntability as defined in Title 37, 
Code of Fc<k-n,1 Regulations, Sect:inn L56. 1 dilim foreign priority benefits under Titfo 35, United States Cod~, Section l 19 of any 
foreign applicafam(s) for patent or inventor's certificate Hstetl below and have also idtntifie.d belo:w any fc,reign application for patent 
or invt~nrnr 's cc~rtificate having a filing date btfote that of the application on which priofi.ty is clah:iwd, 

..................... · · ...... T ....... ________ ., ........ T........................ 1 P:rioriiv Cb:b\c::TYTncier···1 

l ........... c).)tlnr;_!.),<'_•· ____ _,ic...... __ 1_\ __ p_.p_!_i_c_atkm No ......... J..... Date ofFfing ........ J ........... :35 -USC Jl?·.. -------i 

L......... AustrnHa I -------~Q.~_91c9.J.1.82 I 07/01,'20H)_________ l ...... .............. l 

further declarn that z:!l stztements made herein-of my own knowledge are true and th~t all state:mcnts matb on inforrnatf;:m and belief 
arc belleved to be true; and farther that these statements v..-ere mude with the knowledge that willful false statements and. the Eke so 
rm,.d:'~ are p,mi~hable by fine {)r irnpris,)nmcnt, or both, under Section H.l0 l of Title l8 of !lie United States Code, and tlw.t such ,>,·illfol 
f&l'se statemi~n1s rnay jeopard.ize rhe validity of the ~ppiication or an:y· pn.:ten1 issuin.g thereon. 

1 of 1 
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Attorne • Docket No. 92853-798'H33 

STATEMENT UNDER37 CFR 3.130:i} 

,A,pplican!/Patent Owner: 

App!ic<>lion No/Patent No.:. 13/017,866 

Titled: CLOUD D.AT.A PERSlSTENCE ENGlNE 

! 
! 
! i (Name of"ASisi,g·noo} 
! 
! 
! states that it ls: ! 
! 
! 
l r::::71 
I 1. ~J 
l 
l 
l 

I 2. !"'"l 
l 
l 
l 
l 
l 

~ 3, □ 

the assignee of the entire right title, and interest in; 

an assignee of iess than tht~ entire right, tille. and interest ir1 
{The extent {by percentage) of i1s ownership interest is ____ %}; or 

the assignee of an undivided interest in the entirely of (a complete assignment from one of the toint inventors 
was made) l 

l 
l 
l 

j the patent appfication/patent ldentifled above. by virtue of either: 
l 
l ! A. [2J An assignment from the lnventor{s} of the patent application/patent identified above. The assignment was recorded 
j ir1 the United States Palent and Trademark Office at Ree! 026230 .......... _. Frame ... 0734 ___ , or forv.·hich a 
j copy thereof is attached. I OR 
! 8. D A chain of title from the inventor(s), of the patent application/patent identified above, ta the current assignee as follows: 
l 
l 
I 
l 
l 
~: 
! 
! 
! 
! 
! 
! 
l 

1. From: To: 

The document was recorded in the United States Patent and Tradematk Office at 

Reei ________ , Frame ............ ·-·--·--·-.............. ____ , or for which a copy thereof is attached. 

2. From: ______ To: 

The document was recorded in the United States Patent and Trademark Office at 

Ree! , ........................... --~ , Frame ________ , or for which a copy thereof is attached, 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel __ .............................. , Frame ________ , or for ·which a copy there.of is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet {s}. 

~ As required by 37 CFR 3.73(b)(1 }{l}, tr,e documentary evldence of the chain of tit!e from thes original owner to the assignee 
was, ar concwrent!y is being, submitted for recordation pursuant to 37 CFR 3.11, 

[NOTE: A separate copy (i.e., a true copy' of the original assignment dowmer!l(s)) must be submitted to Assignment 
DiVision in ac,.ordance with 37 CFR Part 3, to recofd the assignment in !he records ofthe USPTO. §gs, MPEP 302.08] 

.. -~f ~, .. '{ 
The undersigned (whps~Jitle is suppliej-b~kff;•) J$'.<authorized to act on behalf of the assignee. 

-~:";~~7rfe~±J?~, -
_______ Ka1;~1.J.. Saab, Reg __ . -~~_·o_._6_4~,_1_90 ______ _ 

June 8, 201 ·1 
Date 

At!orney of Record 
Printed or Typed Narrie Title 

€S473605 v1 
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PTO/SB/08A&B (07-09) 

Substitute for form 1449/PTO Complete if Known 

Application Number 13/017,866 

INFORMATION DISCLOSURE Filing Date January 31, 2011 

STATEMENT BY APPLICANT First Named Inventor Albert J. McGowan 

Art Unit 2447 
(Use as many sheets as necessary) Examiner Name Not Yet Assigned 

Sheet I 1 I of I 1 Attorney Docket Number 92853-798163 (00071 0US) 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number i Publication Date Nerne of Patentee or Pages, Columns, Lines, \/✓here 
Initials• No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Number Kind Code2 (itl:1Joi11r,) 
Figures Appear 

A1 US 200310061272 A1 03-27-2003 Krishnamurthy, et al. 

A2 us 7,373,394 81 05-13-2008 Li, et al. 

FOREIGN PATENT DOCUMENTS 
Examiner Cite Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines, 
Initials" No.1 Date Applicant of Cited Document Where Relevant Passages 

MM-DD-YYYY or Relevant Figures Appear T6 
Count!'; Code3 Number4 Kind Code5 (if known) 

NON PA TENT LITER4 TURE DOCUMENTS 
Examiner Cite Include name of the author (ir. CAPITAL LETTERS), title of the article (when appropriate}, title of 

rl initials* No.1 the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue 
! 

I Examiner 
Signature 

C1 

number(s), publisher, city and/or country where published. 

CHANG, F., et al., "Bigtable: A Distributed Storage System for Structured Data," [online], 
Google Inc., November 2006, [Retrieved from the Internet on July 28, 2011], Retrieved from: 
http://labs.google.com/papers/bigtable.html, 14 pages. 

I Date 
~onside red 

□ 

·EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and 
not considered. include copy of this form with next communication to applicant. ' Applicant's unique citation designation number (optional). 2 See Kind 
Codes of U.S. Patent Documents at www.uspto.gov or MPEP 901.04. Enter Office that issued the document. by the two-letter code (WIPO Standard 
ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 

Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark 
here if English language Translatlon is attached. 

63637149 v1 
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Electronic Acknowledgement Receipt 

EFSID: 10734700 

Application Number: 13017866 

International Application Number: 

Confirmation Number: 7494 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Customer Number: 20350 

Filer: Karam J. Saab/David Voegtle 

Filer Authorized By: Karam J. Saab 

Attorney Docket Number: 92853-798163 (00071 0US) 

Receipt Date: 15-AUG-2011 

Filing Date: 31-JAN-2011 

Time Stamp: 17:56:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1606283 

1 
2011_08_15_92853_798163_ID 

S.pdf 
yes 3 

5d6a50568ee3d9c7f6c0352d96795348bb5 
64973 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Form (SB08) 3 3 

Warnings: 

Information: 

221214 

2 Non Patent Literature 
Google_Big_ Table_07 _28_201 

no 14 
1.pdf 

e2e60f1 9214efaa7d842b4a3b3b322964bf, 
8dc7 

Warnings: 

Information: 
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CLOUD DATA PERSISTENCE ENGINE 

BACKQROUND OF THE INVENTION 

[0001) This disclosure relates in general to cloud-based computer processing and, but not by 

way of limitation, to distribution, storage, and ~trieval of data on a cloud networking 

arrangement. 

[0002] In a typical data hosting architecture, multiple servers may be spread over a 

geographical area. The data stored on each of these servers may be the same (or substantially 

similar) data as that stored on each other server. A client attempting to access data hosted on 

such a system may communicate with a particular server, often the server closest to the client's 

physical location. 

[0003] While such an arrangement may allow the client to quickly access aU data stored on the 

• server system, it may not be efficient for all data to be stored on each server. Clients in difterent 

locations (e.g., different cities, states, countries, and/or continents) may request data that varies 

15 · significantly by location. For example, particular data may frequently be requested by clients in 

Europe, while the same data may be infrequently requested by clie_nts in the Americas. 

Therefore, if all of.the data is maintained at each server, such a system may result in significant 

quantities of data being stored at servers where the data is infrequently. ifat all, accessed. 

Accordingly, such a system may result in a substantial amount of data being stored at servers that 

20 wastes storage resources and is infrequently accessed. 

BRIEF SUMMARY OF THE INVENTION 

[0004] Various cloud data persistence systems and methods are described. In some 

embodiments, a client may request a data object from a server. This data object may contain a 

25 link to a media asset and other information linked to the video file, such as a title and duration. 

This media asset may be stored in a different location. If this first server does not have the data 

object stored ·1ocally, it may contact a second server to determine if it has the da~a ·object stored. 

If the second server does not have the data object stored, it may contact a data object origin 

server, which may have all existing data objects stored. This data object origin server may then 

1 
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send the data object to the second server, which may in tum transmit the data object to the first 

server. The first server may then transmit the data object to the client. 

_ (0005) In some embodiments. a cloud data persistence system for distribution of data is 

present. The system may include a first server whic_h stores a first plurality of data objects and is 

communicatively _coupled with a plurality of cache servers. The first server may be located at a 

first location. Each of the first plurality of data objects may comprise a link to one of a plurality 

of media assets. The plurality of media assets may be stored at a second location separate from 

t~e first iocation. The system· may include a second server that stores a second plurality of data 

objects and is configured to request a data object from the first server if the data object is not 

present in the se~ond plurality of data objects. The second server may be one of the plurality of _ 

cache servers. The second server may be communicatively coupled with a first plurality of 

application servers. The system nuiy include a third server that stores a third plurality of data 

objects and is configured to request the data object from the first server if the data object is not 

present in the third p1urality of data objects. The third server may be one of the p1urality of 

15 cache servers. The third server may be communicatively coupled with a second plurality of 

application servers. Th_e system may include a fourth_server that stores a fourth plurality of data 

objects and is configured to request the data object from the second server if the data object is 

not present in the fourth plurality of data objects. The fourth server may be' one of the first 

pl~rality of application server. The fourth server may be configured to receive a request from a 

20 first client for the data object. Tile system may also include a fifth serv~r that stores a fifth 

plurality of data objects and is configured to request the data object from the second server if the 

data obje~t is not present in die fifth plurality of data objects. The fifth server may be one of the 

first plurality of application servers. The fifth server may be configured to receive a request 

from a second client for the data object. The system may further include a sixth server that 

25 stores a sixth plurality of data objects and is configured to request the data object from the third 

server if the data object is not present in the sixth plurality of data objects. The sixth server may 

be one of the second plurality of application servers. The sixth server may be configured to 

receive a request from a third client for the data object. The system may include a seventh server 

that stores a seventh plurality of data objects and is configured to r~quest the data object from the 

30 third-server if the data object is not present in the seventh plurality of data objects. The seventh 

server may be one of the second plurality of application servers. The seventh server may be 

configured to receive a request from_ a fourth client for the data object. 

2 
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[0006) In some embodiments, a method for retrieving data objects using a cloud data 

persistence system configured for distribution of data is presented. The method may include 

receiving a first request from a client for a data object. The application center may be one of a 

plurality of application centers that communicate with a plurality of clients. The application 

center may be located at a first location. The data object may comprise a link to a media asset. 

The media asset may be stored at a second location separate from the first location. The method 

may further include determining the data object is not stored among a first plurality of data 

objects stored at the application center. The method may include transmitting a second request 

for the data object to a first cache server. The first cache server may be communicatively 

coupled with the plurality of application centers. The first cache server may be one of a plurality 

of cache servers. The method may include receiving the second request for the data object. The 

method may also include detennining the data object is not stored among a second plurality of 

data objects stored at the cache server. The method may further include transmitting a third 

request for the data object to an origin server. The origin server may be communicatively 

15 coupled with the plurality of cache servers. The method may also include receiving the third 

request for the data object. The method may include locating the data object among a third 

plurality of data objects. The method may also include transmitting the data object linked to the 

third request to the cache server. The method may include receiving the data object linked to the 

third request. The method may include transmitting the data object linked to the second request. 

20 Also, the method may include receiving the data object linked to the second request. Further, the 

method may include transmitting the data object linked to the first request to the client. 

[00071 ln some embodiments, a cloud data persistence system for distribution of data is 

present. The system includes a first server which stores a first plurality of data objects and is 

communicatively coupled with a second server and a third server. The first server may be 

25 located at a first location. Each of the first plurality of data objects may comprise a link to a 

media asset of a plurality of media assets. The plurality of media assets may be located at a 

second location. The second location may be distinct from the first location. The system may 

include the second server, which may store a second plurality of data objects and may be 

configured to request a data object from the first server if the data object is not present in the 

30 second plurality of data objects. The second server may be communicatively coupled with a 

fourth server and fifth server. The system may include the fourth server that stores a third 

plurality of data objects and may be configured to request the data object from the second server 
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if the data object is not present in the third plurality of data objects. The fourth server may be 

configured to receive a request from a first client for the data object. 

[0008) In some embodiments, the first plurality of data objects comprises an data objects 

present in the second plurality of data objects and the third plurality of data objects. In some 

embodiments, the third server stores a fourth plurality of data objects and is configured to request 

the data object from the first server if the data object is not present in the fourth plurality of data 

objects. The third server and the second server may be data persistence cache servers. The third 

setver may be communicatively coupled with a sixth and seventh server. In some embodiments, 

the fifth server stores a fifth plurality of data objects and is configured to request the data object 

from the second server if the data object is not pre~ent in the fifth plurality of data objects, The 

fifth server and the fourth servers may be application servers. The fifth server may be 

configured to receive requests from a second client for the data object The fifth server may be 

geographicaily separated from the fourth server. In some embodiments, the request from the first 

client for the data object comprises a universal resource indicator. In some embodiments, each 

15 of the first plurality of data objects comprise a universal resource locator and a title linked to a 

media asset of the plurality of media assets. Also, in some embodiments, data objects in the 

second plurality of data objects and the third plurality of data objects are at least partially 

determined based on a frequency of requests for those data objects received from clients. In 

some embodiments, data objects in the second plurality of data objects and the third plurality of 

20 • data objects are at least partially determined based on when requests for those data objects were 

last received from clients. Further, in some embodiments, the firs! plurality of data objects 

comprises all data objects in the second plurality of data objects, the third plurality of data 

objects, the fourth plurality of data objects, and the fifth plurality of data objects. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present disclosure is described in conjunction with the appended figures: 

[0010] FIG. I illustrates a block diagram of a media servicing system. 

[0011] FIG. 2A illustrates a block diagram of an embodiment of a kernel application center 

connected with application centers. 
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(0012) FIG. 2B illustrates a block diagram of an alternative embodiment of a kernel 

application center . 

(0013J FIG. 3 illustrates a block diagram of an embodiment of an application center. 

[0014] FIG. 4A illustrates a block diagram of processes and objects utilized by a cloud-hosted 

integrated multi-node pipelining system for media ingestion. 

(0015] FIG. 4B illustrates a block diagram of processes and objects utiiized by a cloud-hosted 

integrated multi-node pipelining system for 'media ingestion with a content delivery network. 

[0016] FIG. 4C illustrates another block diagram of processes and objects utilized by a cloud­

hosted integrated multi-node pipelining system for media ingestion with a content delivery 

10 network. 

(0017) FIG. 5A illustrates a simplified block diagram of an embodiment of a cloud data 

persistence system. 

[0018) FIG. 58 illustrates another simplified block diagram of an embodiment of a cloud data 

persistence system. 

15 [0019 J FIG. 6 illustrates a simplified swim diagram of an embodiment of a method for 

responding to a client request to retrieve a data object from a cloud data persistence system. 

[0020} FIG: 7 illustrates a simplified swim diagram of an embodiment of a method for 

responding to a client request to modify a data object on a cloud data persistence system. 

(0021] FIG. 8 ilJu_strates a simplified block diagram of an embodiment of an asset management 

20 and storage system. 

[0022) FIG. 9 illustra~es another simplified block diagram of an embodiment of an asset 

management and storage system. 

_[0023) FIG. JO illustrates an embodiment of a method for retrieving data from an asset 

management and storage system. 

25 (0024] In the appended figures, sjmiJar components and/or features may have the same 

reference· label. Further, various components of the same type may. be distinguished by 

following the reference label by a dash and a second label that distinguishes among the similar 

components. If only the first reference label is used in the specification, the description is 
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applicable to any one of the similar components having the same first reference label irrespective 

of the second reference label. 

DETAILED DESCRIPTION OF THE INVENTION 

5 (0025] The ensuing description provides preferred exemplary embodiment(s) only, and is not 

intended to limit the scope, applicability or configuration of the disdosure. Rather, the ensuing 

description of the preferred exemplary embodiment(s) will provide those skilled in the art with 

an enabling description for implementing a preferred exemplary embodiment. lt is understood 

that various changes may be made in the function and arrangement of elements without departing· 

10 from the spirit and scope as set forth in the appended claims. 

(0026] As opposed to storing copies of a piece of data,, such as a data object that contains , 

information linked to a media object, at each server on a system of multiple servers, it may be 

more efficient to.store only data objects that are frequently and/or recently accessed by clients at 

particular servers. Such an arrangement, generally referred to as a cloud data persistence engine 

15 or system, may allow the data objects stored at each server to vary based on which data objects 

the server's clients are currently and/or have historically requested. Therefore, data objects 

stored at a first server in a first locat.ion may include some of the same data objects and some 

different data objects than data objects stored at a second server in a second location (possibly 

located in a different city, country or on a different continent than the first server). Storing only 

20 data objects that are frequently and/or recently accessed by clients at each server may result in 

considerable efficiencies. For example, by storing only data objects that are frequently and/or 

recently accessed by clients, the servers may require significantly less storage space because they 

do not need to store a potentially large amount of data objects that are infrequently accessed or 

have not recently been accessed. A related benefit of this may be that by decreasing the amount 

25 of storage necessary at each server, the speed of access to the storage at the servers may be . 

increased. For example, instead of relying on hard drives, solid state drives (which may cost 

significantly more per megabyte, but may offer improved access times) may be used for the 

storage at the servers. 

[0027) While a server may infrequently receive a request for a particular data object from a 

30 client, the server may still need to be able to fulfill such a request. Ther~fore, if a server is 

contacted by a client for a data object that it does not have stored locally, the server may be able 
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to contact another server, which may have the requested data object stored. Such a server may 

be configured to satisfy multiple se~ers with requests for such data objects. 

[0028] While this second cache server may contain the data object requested by the client, it 

may also on]y store data objects that are frequently and/or recently (albeit less frequently and/or 

recently than the data stored at the first server) accessed by clients. If the second server does not 

have the data object requested by the client stored, the second server m~y have the ability to 

contact yet another server. This server, referred to as the data object origin server, may maintain 

a copy of ail data objects stored on the system. Therefore, if the data object is present on the 

server system, the data object origin server is able to fulfill the request for the data. The data 

object-origin server may then route the requested data to the client via the second server and the 

first server . 

. [0029] While the above arrangement may increase efficiencies when a client requests a data 

object, a client (perhaps the same or a different client) may request to modify (including. but not 

limited to changing, adding and/or. deleting) a data object. In such instances, the modification to 

15 the data object (asswning the client has the appropriate access rights) may be routed to the data 

object origin server by a server receiving the request from the client. The modification may be 

applied to the relevant data at the data object origin server. The data object origin server may . 

then send a notification to other servers, or only the cache servers that have the previous version 

of the data stored, that the previous version of the data is no longer valid. The~e servers may in 

20 tum send a notificatfon to other associated servers, or only those servers that have the previous 

version of the data stored. that the previous version of the data object is no longer valid. This 

may prevent a client from receiving an out-of-date version of the data no matter which server is 

accessed by the client. The modified data residing at the origin may then propagate outto the 

other servers as requests are made by clients to those servers for the data ob_iect. 

25 {0030] While the above embodiments may be implemented in a variety of different systems, 

some particular embodiments may be implemented as part of a media service system. FIG. 1 is 

a block diagram illustrating a media servicing system I 00, according to some embodiments of 

the present invention. The system may deliver media content to the end user 140 (alternatively 

referred to as a user or a client) through a network such as the Internet 120. A media asset 

30 provided by a content provider 130 can be processed and indexed by cloud-hosted integrated 

multi-node pipelining system (CHIMPS) 110, and further stored on content delivery network 
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(CDN) 150. Additionally or alternatively, the CHIMPS 110 may also be adapted to store the 

media asset. 

[0031 J The media servicing system further enables a content provider 130 or o~er entity to 

gather information regarding user behavior during media playback. For example, a content 

5 provider 130 can be provided with data indicating that end users tend to stop watching a video at 

a certain point in playback, or that users tended to foJlow links associated with certain 

advertisements displayed durin& playback. With this data, a content provider 130 can adjust 

factors such as media content, advertisement pJacemen_t and content, etc., to increase revenue 

associated with the media content and provide the end user 140 with a more desirable playback 

10 experience. 

(0032] End user 140 can request a media asset to hear and/or see with·a client program running 

on a personal computer or other electronic device connected to 1ntemet 120. The client program 

can be. for example, a media player, browser, or other application adapted to request and/or play 

media assets. In response to a request for a media asset, the CHIMPS 110 can utilize any 

15 number of application centers 112 and/or kernel application center(s) 111 to provide the client 

program with a data object concerning the requested media asset. The data object can include 

information about the media asset, including where the media asset can be located, such as 

within the CDN l 50 or within the CHIMPS 150 it,;elf. TJocation information may be provided by 

Universal Resource Indicator (URI), a Universal Resource Locator (URL) or other indicator. 

20 During playback of the media asset, the CHIMPS 150 can collect data regarding the playback 

through beaconing provided by a client program executed on a device operated by the end user 

140 and/or indexing service from within the ClllMPS and/or CDN. Th~ CHIMPS 150 can 

subsequently provide the data and/or any analytics information _derived from the data .to the 

content provider 130. 

25 [0033) FIG. 2A is a block diagram illustrating an embodiment of a kernel application 111-1 

center connected with app1ication centers from within the CHTh-1PS l 10-1. The kernel 

application center 111-1 and application centers 112 can be geographically distant and can be 

connected via the Internet 120, wide area network (WAN), and/or other data communication 

network. Because application centers can be geographically separated, DNS services (not 

30 shown) can be used to allow an end user 140 to connect to the nearest available application· 

center 112. The kernel application center 111-1 can connect with application centers l 12 within 
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the CHIMPS 110-1 through an internal interface 270, thereby enabling the application centers 

112 access to the various components within the kernel application center 111-1. 

(0034) Components within the kernel application center 11 I -1 can communicate through 

network 260 such as a local area network (LAN) and can include one or more data object origin 

5 servers 240 and a storage array 230 with which data objects and/or. media assets may be stored 

and distributed. The storage array 230 may also be utilized by services running on processing 

server(s) 220 and/or transco~ing server(s) 250 that may require temporary or long-tenn storage. 

Kernel server 210 can utilize processing server(s) 220. transcoding scrver(s) 250 to provide 

various functional capabilities to. the CHIMPS 110. 

IO [0035] For example, as described in moTe detail below, the Cl-IIMPS l 10-l can provide 

transcoding service for media assets provided by a content provider 130 for syndication. Such a 
• • ~ 

service can allow a content provider 130 to upload a ·media asset to an application center 112, 

after which the applicatjon center 112 would notify the kernel server 210 that the media asset has 

been up]oaded. The kernel server can then notify services running on the processing server(s) 

15 220 of the upload. These services can utilize transcoding server(s) to transcode the media asset, 

which can then be moved to a CDN and/or stored locally by storage array 230 and data object 

origin server(s) 240. Services running on the processing server(s) 220 can also update the 

associated data object stored by the storage array 230 and data object origin server(s) 240. 

(0036] FIG. 2B is a block diagram illustrating an alternative embodiment of a kernel· 

20 application center 111-2. In addition to the components of the embodiment of FIG. 2A, this 

embodiment incorporates an application center 112 within the kernel application center 111-2 . . 
The application center 112 incorporated within kernel application center 111-2 may be located at 

or near the other components of the kernel application center 11 ]-2, and can be communicatively 

connected to the other components via network 260. The incorporated application center 112 

25 can therefore have faster access to kernel application center functionality because it does not 

need to communicate over long distances. In consideration of this advantage, it will be 

understood that the CHIMPS 110 can include multiple kernel centers with one or more 

application centers incorporated therein. Additionally or alternatively, components of the kernel 

application center may be incorporated into one or more application centers 112 in the CHIMPS 

30 110 to provide quicker access to certain functjonality. 
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[0037} FIG .. 3 is a block diagram illustrating an embodiment of an application center 112. The 

application center 112 can include caching server(s) 330 and a storage array 310 for storing and 

distributing data objects of media assets requested by end users through end user interface 360. 

Caching server(s) 330 and storage array 310 can also be used to collect, process, and/or store 

metrics information from beaconing data, media chunk requests, and/or other data sources, 

including data collected through end user interface 360. The application center can further 

include ingest server(s) 320 for ingesting uploaded media assets from a content provider 130 

through a content provider interface 370. The media assets may be stored on the storage array 

310. As with the kernel application center 111, the components of the application center 112 can 

be communicatively linked through a network 340, such as a LAN. The application center can 

further include an internal interface 350, providing a communication link from the application 

center to the rest of the CHIMPS. It is through internal interface 350, for example, that media. 

assets stored on storage array 310 can be made available to a kernel application center 11 1. for 

services such as transcoding. 

15 [00381 FIG. 4A is a block diagram 400-1 ofprncesses and objects utilized by the CHIMPS 

I l O for media ingestion, according to some embodiments. Although FIG. 4A further indicates 

the physical systems in which my execute or store these processes and objects, it will be 

understood that the processes and objects disclosed may be executed or stored on more than one 

system, including systems not disclosed in FIG. 4A. In other words, the processes and objects 

20 shown in FIG. 4 allow for a variety of implementations through one or more of hardware, 

software, firmware, microcode, etc. 

[0039] Media can be ingested into the CHIMPS 110 when a content provider 130 uploads a 

media asset to ingestion server(s) 410 irt an application center 112 by utilizing a client 405. The 

client 405 can be a stand-alone application or browser based, for example, and can communicate 

25 with ingest server(s) 410 through an application programming interface (API) configured for the 

ingestion of media assets. 

[0040] Ingest server(s) 410 can communicate with devices in the kernel application center 111 

executing programs such as kernel server 425 and file replication service 430. The kernel server 

425 can be configured to organize the worldlow among services such as transcoding 440 file 

30 system manager 435, and other services 445 (e.g., analyti~s, dynamic API, etc.) Upon a 
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particular event, for example, the kernel server can be configured to notify the relevant services 

of the event, causing the services to process tasks associated with the event. 

[0041] The file replication service 430, under direction of the kernel server 425, can coordinate 

the movement of the media assets between services. For example, retrieving the 1,1ploaded media 

asset from the ingest server(s) 4 lO and storing it on the file archive 450, or retrieving transcoded 

media assets from transcoding server(s) 460 and storing them in the media asset origin. 

[0042) The data object upda~er 420 keeps the data object origin 415 up to date in response to 

any changes in the system. When, for ex.ample, _a file is uploaded, transcoded, and stored in 

media asset origin 455, the location and other metadata concerning the transcoded media assets 

need to be created or updated in the data object origin 415 to ensure an end user who accesses 

the object in the data object origin 415 has the correct information regarding the related media 

asset. Because the data object updater 420 receives updates from the kernel server 425 (which is 

notified when a transcoded media asset is stored in the media asset origin 455, the system 

ensures the data objects in the data object origin are constantly up to ·date. 

I 5 [0043) The upload of a media asset to the ingest server(s) 4 I 0, as described above, can provide 

an example of how the kernel server 425 may coordinate workflow. For instance, in response to 

the upload, the ingest server(s) 410 can notify the kernel server 425 that a media asset has been 

uploaded. The kernel server 42? informs the file replication service 430 of the uploaded media 

asset, an~ the file replication service 430 moves the uploaded media asset into the file archive 

20 450 and notifies the kernel server 425 of the move. In response, the kernel server 425 notifies 

the file replication service 430, the file system manager 435, and the transcoding master 440 of 

the move. The file replication service 430 then will know it can delete the uploaded media asset 

from the ingest server(s) 410, the file system manager 435 will update the fife system 

accordingly, and the transcod_ing master 440 will notify transcoding service(s) 460 of different 

25 transcoding tasks to be performed. The transcoding service(s) 460 can then retrieve the upl~aded 

media asset from the file archive 450 to create transcoded media assets. The transcoding 

service(s) 460 notify the kernel server 425 once transcoding is complete, and the kernel server 

425 relays this information to the file replication service 430. The file replication service 425 

then takes the transcoded media assets from the transcodirig services 460 and moves them to the 

30 media asset origin 455. Once the file replication service 430 notifies the kernel server 425 of the 

move, the kernel server 425, in turn, notifies the file replication service 430 and the data object 
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updater 420. The data object updater 420, which updates the data object origin 415 accordingly, 

and the file replication service 430 deletes the transcoded media assets from the transcoding 

services 460. 

[0044] The modular nature of the system enables all tasks associated with an event to be 

5 completed quickly. As illustrated in the example above, workflow relating to a particular event, 

such as a media asset upload, can be spread among the various services simul~neously. 

Moreover, because the system's modularity enables it to be scaled to accommodate differing 

hardware capacities, and because the system can be configured to dynamically allocate hardware 

to different services according to the needs of the system. the speed of completing tasks relating 

l O to a particular event can further be increased. 

(0045) FIG. 4B is a block diagram 400-2 of processes and objects utilized by the CHIMPS 

110 for media ingestion, accorqing to some embodiments. Block diagram 400-2 may be 

substantially similar to block diagram 400-1 except for the use of a content delivery network in . 

place of media asset origin 455. Therefore, in block diagram 400-2, as opposed to the media 

l5 assets being stored at media asset·origin 455, they are stored at content data network 150, which 

may be operated and maintained by a third party. 

[0046) FIG. 4C is a block diagram 400-3 of processes and objects utilized by the CHIMPS 

110 for media· ingestion, according to some embodiments. Block diagram 400-3 may be 

substantially similar to block diagram 400-1 except for the use of a content delivery network in 

20 conjunction with media asset origin 455. Here, in block diagram 400-3, media assets m_ay reside 

at either media asset origin 455, content delivery network 150, or both. 

[0047] Embodiments of such systems may include other systems that manage various requests 

from end users. One such system may be a cloud data persistence system. Referring to FIG. 

SA, a simplified block diagram of an embodiment of a cloud data persistence system 500-1 is 

25 illustrated. Such a system may allow for information, such as data objects, to be efficiently. 

distributed to multiple of clients. 

[0048] Some embodiments of cloud data persistence systems are u~d .to distribute data objects 

that are Jinked to media assets. A data object may contain information pertinent to the data 

object it is linked to. For example, a data object may include details about a media asset and 

30 permissions for the media asset. Mo~e specifically, a data obje'?t may include fields containing: 

a title, keywords linked to the data object, the data object's (and/or associated media asset's) date 
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of creation, the duration of the associated media asset, the file formats the associated media asset 

is available in, and what clients are permitted to access and/or edit the data object and/or the 

media asset. The data object may also contain a link to its associated 111edia asset. Such a link 

may be in the form of a universal resource indicator, such as a universal resource locator. Other 

information may also be stored as a data object that is linked to a media asset. A media asset 

may represent rnany different forms of media, such as an audio file (in a variety of different 

formats), a vide~ file, or a flash file, to name only a few examples. 

(0049) Important to note, data obje_cts may be stored separate from media assets. For example, 

a data object containing information Jinked to a particular media asset may not be stored in the 

same location as the media asset. For example, a media asset may reside on multiple serv~rs that 

are part of a content delivery network, while the data object that contains information about the 

media asset is stored in some other location, possibly on some other network. AJso, while the 

above discusses Jinked media assets, it should be understood that data objects may also be linked 

. to other assets. files or data that do not constitute media. In such embod_iments, the data objects 

15 may contain different fields of data. 

[0050] Such a cloud data persistence system may be used to distribute data objects to one or 

several clients, but also may be used to distribute data objects to thousands of clients 

geographically disbursed worldwide. In the embodiment of cloud data persistence system 500-1, 

three levels of servers are present: a data object origin server .510, data persistence cache servers 

20 520, and application centers 530. These application centers are in contact with one or more 

clients 540. It should be understood that each application center may include one or more 

servers. For example, an application center may be represented by application center 112 of 

FIG. 3. Alternatively, an application center may comprise a single server. While three levels of 

servers are present in the illustrated embodiment, it should be understood that greater or fewer 

25 levels of servers may be present in other embodiments. Also, various servers may be integrated 

into the same server. For example, one server may serve as both an application center 530 and a 

data persistence cache server 520. It should also be understood that the terms of"application 

center," "data persistence cache server," and "data object origin server" are used to simplify the 

nomenclature used t~ describe the various levels of the cloud data persistence system 500-1, and 

30 these terms should not be interpreted as limiting the ·functionality of their respec!i ve identified 

servers. 
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[0051 J Referring to cloud data persistence system 500-1, clients 540 make requests for data 

objects from application centers 530 via one or more networks. In the illustrated embodiment, 

only two clients (540-1 and 540-2) are present to maintain simplicity; many more clients 

(possibly representing many end users) may be possible. These clients may communicate with 

the same application center (530-1) or may communicate with different application centers (530-

1 and 530-2). Further, because a client at one time interacts with a particular application center, 

at a different time, the same client may interact with a different appJication center. For example, 

if a particular application center is experiencing a heavy client load, possibly caused by a large 

number of clients attempting to access it, a client may be routed to another application center. 

(0052] The client may make a request for a particuiar data object to the application center. 

This request may be made via a network, such as the Internet_ Other networks may also be 

possible, such as a private intranet. The request for the data object may involve the client 

sending a universal resource indicator (URI) to an application center. A URI may take a variety 

of different formats. Jn particular, the URI may be in the fonn of a universal resource locator 

15 (URL). However, it should be understood that other fonns of URls may also be possible. 

(0053] If client 540-1 transmits a URI to application center 530-1, application center 530-1 

may have the data object linked to the URI stored locally. If this is the case, application center 

530-1 may respond by sending the data object identified by the URI back to client 540-l. 

However, application center 530-1 may have only a subset of the data objects linked to valid 

20 UR1s stored locally. This may be due to space constraints at application ~enter 530-1. For 

example, if clients infrequently request particular data objects, it may be inefficient to distribl!te 

those data objects to each of application centers 530. 

(0054] If the data object requested by client 540-1 is not present at application center 530-1, 

application center 530-1 may contact another server to retrieve it. Application center 530-1 may 

25 be located in close proximity to data persistence cache server 520-1, or may be geographically 

separated from data persistence cache server 520-1. Application center 530-1 may communicate 

with data persistence cache server 520-1 directly (such as a direct cable connection) or may 

communicate using a network. This network may be a private network, such as a local area 

network or dedicated connection between the servers, or may use a pub Uc network. such as the 

30 Internet. Such a request from application center 530-1 to data persistence cache server 520-1 

may include the URI received by application center 530-1 from client 540-1. In some 
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embodiments, data persistence cache servers supply multiple application centers with requested 

data objects. In cloud data persistence system 500-1, data persistence cache server 520-1 serves 

two application centers (530-1 and 530-2), while data persistence cache server 520-2 serves two· 

different application centers (530-3 and 530-4). It should be understood that a data persistence . 

cache may serve a varying number of application centers. For example,' a data persistence cache 

may serve 20 application centers. 

fOOSSJ It should also be recognized that the connections between application centers 530 and 

data persistence cache servers 520 are dynamic. If a particular data persistence cache is offiine, 

busy, or otherwise unavailable, an application center may be able to route requests to a different 

data persistence cache server. For example, referring to cloud data persistence system 500- l, if 

data persistence cache 520 became unavailable, application center 530-1 may be able to route a 

request for the data object to data persistence cache server 520-2. 

[0056) While, if application centers 530 and data persistence caches 520 communicate via a 

network (e.g., the Internet), the servers may be located anywhere a network connection is 

15 available worldwide. In some embodiments, a data persistence cache is located near a group of 

application centers. For example, if a region, such as New England, contains two application 

centers for each state, a single data persistence cache may be located in or near New England to 

serve these twelve scattered application centers. Having the data persistence cache located near 

a group of application centers may decrease communication latency when an application center 

20 and the data persistence cache communicate. 

[0057] Upon receiving a request for a data object from application ceriter 530-1, data 

persistence cache server 520-1 may determine if it has the data object stored. If it does, data 

persistence cache server 520- l may send the data object to application center 530-1, which may, 

in tum, send the data object to cJient.540-1. Upon the application center receiving the data 

25 • object, it may store the data object to be able to satisfy requests from the same or a different 

client for the same data object at a future time. Application center 530-1 may make a 

determination as to whether the data object should be stored or not. For example, the 

determination may be based on the frequency it is receiving requests for the data object from 

clients 540. If the data object is frequently being requested by clients 540, application center 

30 530- l may store the data object. This may only occur if the data object is being requested more 

frequently than some other data objects. For example, only the I 0,000 most frequently requested 
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data objects may be stored by the application center. In some embodiments, application center 

530-1 may store the most recently requested data objects. Therefore, this data object would be 

stored at application center 530-1, and possibly some other data object would no longer be stored 

at application center 530-L In some embodiments, different application centers use different 

mechanisms to determine what data objects to store. Also, in some embodiments, some data 

objects are always stored at application centers 530. This may occur if a particular data.object 

has been labeled a "high priority" ( or some equivalent thereof). 

(0058] However, if data persistence cache server 520-1 determines that it does not have the 

data object requested by client 540-1 stored~ data persistence cache server 520-1 may contact 

another server. Data persistence cache server 520-1 may contact another server called a data 

object origin server 510. Data object origin server 510 may supply data persistence cache 

servers 520 with various data objects. In cloud data persistence system 500-1, data object origin 

server 5 IO is _shown as communicating with two data persistence cache servers 520. However, it 

should be understood that data object origin server 510 may communicate with one, three, or 

15 some other number of data persistence cache servers. For example, data object origin server 510 

may communicate with more, such as 20 data persistence cache servers. 

[0059] Data object origin server 510 may be physically located with one or more data 

persistence cache servers. Data object origin server 510 may communicate directly, such as via a 

direct connection, with data persistence cache servers. For example, in cloud data persistence 

20 system 500-1, data object origin server 510 communicates directly with the data persistence 

cache server 520-2. Data object origin server 510 may also communicate via any of the 

previously mentioned networks with a data persistence cache server. Again, referring to cloud 

data persistence system 500-1, data object origin server 510 communicates with data persistence 

cache server 520-1 via a network, possibly the Internet. 

25 l0060] While application centers 530 and data persi_stence cache servers 520 may store only a 

subset of the various data objects that clients 540 may request, data object origin server 510 may 

store an data objects that exist on system 500-1. In other words, if a data ~bject requested by a 

client is not present on data object origin server 510, the data object may not exist on system 

500-1. 

30 [0061] Just as a data persistence cache server may be physically located near a group of_ 

application centers, data object origin server 510 may be located near the group of data 
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persistence cache servers 520. Returning to the previous regional example, if a data persistence 

cache server is located in New England, another may be located near New York City, another 

near Washington DC, and perhaps yet another near Chicago. If one data object origin server is 

servicing these data persistence cache servers, it may be located in a central location to serve 

them all. In some embodiments, the data object origin server may be c~-located with one or 

more data persistence cache servers. Alternatively, a data object origin server may be located at 

a separate physical location from any other database servers. 

[0062) A reque~t from the data persistence cache server 520-1 to data object origin server 510 

may comprise a URI. This may be the same URI that was sent from client 540-1 to application 

center 530-1,_ then from application center 530-1 to data persistence cache server 520-l. In some 

embodiments, the URI transmitted from data persistence cache 520-1 may be in a different 

format than the other URis. Upon receiving the URI, data object origin server 510 may locate 

the data object the URI is linked to. The data object origin 510 may then transmit the data object 

to data persistence cache server 520-1. The data persistence cache server 520-1 may make 

15 determination as to whether to store the data objects as previously described in relation to 

application center 530-1. For example, the determination of whether to store the data object may 

be based on the frequency with which application centers 530 request the data object from data 

persistence cache server 520-1. In some embodiments, data persistence cache server 520-1 

stores the most recently requested data objects. Data persistence cache server 520-1 may then 

20 transmit the data object to application center 530-1. Application center 530"" 1 may then transmit 

the data object to client 540-1. 

[0063) If the data object was first found at application ~nter 530-1, the latency between client 

. 540-l 's request and client 540-1 receiving the data object may be the shortest. ff instead the data 

object is first found at data persistence cache server 520-1, the latency may be longer. Finally, if 

25 the data object is only found at data object origin 510, the latency may be the longest. 

Regardless of where the data object is found; client 540- J may 1:>e unaware of whether 

application center 530-J, a data persistence cache sef'.Ver 520-1, or the data object origin server 

510-1, had the dat~ object stored. 

[0064) While only one data object origin server 510 is present in cloud data persistence system 

30 500-1, more than one data object origin server is possible. For example, a data object origin 

server may serve a particular region, such as a country. Other data object origin servers may be 
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present in other countries. These data object origin servers may each maintain identical or 

substantially similar data sets. Therefore, a data object found on one data object origin server 

would also be found on other data object origin servers. While not illustrated in FIG. 5, it should 

be understood that data object origin server 510 may be in communication with a kernel server 

and/or a data object updater server, such as illustrated in FIGs. 2A, 2B, and 4. Such an 

arrangement may allow multiple different data object origin server_s to have the same data objects 

stored. 

[0065) While the above deals with the communication flow in cloud ~ata persistence system 

500-1 when a client requests a data obje~t, a client·(or, of course> an end user acting through the 

client) may also modify a data object. Depending on the data object, a request for a particular 

data object may be much more frequent than a request to modify a data object. By way of 

example only, consider a video clip posted on an online video sharing website. If the video is 

popular, data object information, such as the video owner's name and the vide_o's title may be 

sent to millions of different clients. However, the end user who created.the vide~ may only 

15 infrequently modify (vi? a ·client) data linked to the video. 

[0066) In cloud data persistence system 500-1, the request to modify a data object, as opposed 

to a request to retrieve a data object, may be treated differently. If dient 540-1 makes a request 

to application center 530-1 to modify a data object. application center 530-1 (assuming_the end 

user and/or client has the proper permissions to modify the data object) may route the request to 

20 Kernel application center 111. Kernel application center 111 may then update data object origin 

server 510, and any other data object origin servers requiring updating. Application center 530-1 

may not modify or delete the previous version of the data object if it is stored at application 

center 530. The data object may then be updated at data object origin server 510. While the data 

object may now be updated at data object origin server 510, other application centers and data 

25 persistence cache servers, such as application center 530-3 and data persistence cache 520~1, 

may still have out-of-date versions of the data object. Therefore, upon receiving the 

modifications to the data object, kernel application center 111 may notify data persistence cache 

servers 520 to no longer use their current version of the data object. This may involve data 

persistence cache servers 520 deleting their out-of-date version of the data object. In turn, data 

30 persistence cache servers 520 may notify application centers 530 to similarly no longer use their 

out-of-date versions of the data object. This may again involve the out-of-date data object being 

deleted from· application centers 530. Application centers 530 and data persistence cache servers 
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520 may not receive a new version of the data object along with the notification. Rather, 

application centers 530 and data persistence cache servers 520 may only receive the new version 

of the data object if a client requests the data object and it is routed through the data persistence 

. cache server and the application center. 

5 (0067] If kernel application center 111 knows what particular data objects are stored at data 

persistence cache servers 520, a notification may only be sent to the data persistence cache server 

known tp store the data object. Similarly, if data persistence cache servers 520 know what data 

objects are stored at application centers 530, only those application centers that have out-of-date 

versions of the data object may be sent the notification. In some embodiments, whenever a 

IO modification of a data object is received at kernel application center 111, all data persistence 

cache servers 520 are notified, which in turn notify all application centers_ 530. In such 

embodiments, therefore, kernel application center 111 does not need to be aware of what 

particular data objects are stored at data persistence cache servers 520, and data persistence 

cache servers 520 do not need to be aware of what data objects are stored at application centers 

15 530. In some embodiments,.Kemel application center l ll notifies both data persistence cache 

servers 520 and application centers 530. 

[0068) Referring to FIG. SB, a simplified block diagram of an embodiment of a cloud data 

persistence system 500-2 is illustrated. Such~ system may be substantially similar to system 

500-1. However, system 500-2 illustrates how various components of system 500-2 may be 

20 geographically separated. It should be understood that each component of system 500-2 may be 

located at a different physical location~ Iri some embodiments, client 540-1 is at location 55l 

whi)e client 540-2 is at location 552. Locations 551 and 552 may be close together, possibly 

only several miles if both dient 540-1 and client 540-2 are using the same application center. 

Clients 540-1 and 540~2 may be a great distance apart if they are using different application 

25 centers. 

{0069} Application centers 530-1, 530-2, 530-3, and 530-4 are shown as different locations of 

553, 554, 555, and 556, respectively. Application centers that use the same data persistence 

cache server may be closer together than application centers that do not use the sa~e data 

persistence cache servers. Further, as those with skill in the art will recognize, while an 

-30 application server may not be physically closer to a data persistence cache server, due to_ the state 
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of the network, communication between two physicalJy further apart servers may be quicker. In 

such a case, the further servers may be in communication as opposed to the closer servers. 

[0070] Data persistence cache server 520-1 is at another location 557, Location 557 may be 

near or in between location 553 and 554. Data persistence cac~e server 520-2 is at the same 

location 555 as application center 530-3. In some embodiments. data persistence cache server 

520-2 is at some other location from application center 530-3. Finally, data object origin server 

510 may be present at location 558. This location may be at the kernel application center 111, or 

may be separate. 

(0071 J FIG. 6 illustrates a simplified swim diagram of an embodiment of a method 600 for 

responding to a client request to retrieve a data ~bject. Such a method may use a cloud data 

persistence system, such as cJoud data persistence system 500-1 of FIG. 5A. Alternatively, 

method 600 may rely on some other cloud data persistence system_ The embodiment of FIG. 6 

presupposes that the data object requested is not present on either the application center 

contacted or the cache server contacted. As described in relation to FIG: 5, if one of those 

15 servers has the data object stored, the method would difter. 

[0072] • At block 605, a request may be sent from a client to an application center. The client 

may be client 540- l or 540-2 of FIG. 5, or may represent some other client. Similarly, the 

appiication center of FIG. 6 may represent any of application centers 530 of FIG. 5, or may 

represent some other application center. The request sent by the client at block 605 of FIG. 6 

20 may contain a URI, po~sibly a URL, indicating the data object the client' is requesting to retrieve. 

The request may be received either directly or via a network (such as the Internet), by the 

application center at block 610. 

(007JJ At block 615, the application center may determine if the data object requested by the 

client is present. This may involve the application center searching a storage device, such as a 

25 hard drive or solid state drive for the data object. In some embodiments, the application center 

may search an index of all the data objects it has stored. In this em~dim~n~ the application 

center does not have the data object stored locally. Therefore, at block 62Q, a request is sent 

from the applicatjon center to a data persistence cache server. This request may contain the same 

URI received in the request fl-om the client at block 610. The cache server contacted may be a 

30 data persistence cache server 520 of FIG. 5A or may represent some other data persistence cache 
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server. The request by the application center may be received by the data persistence cache 

server either directly or via a network (such as the Internet) at block 625. 

[0074] At block 630, the data persistence cache server may determine if the data object 

requested by the application center is present. This may involve the data persistence cache 

server searching a storage device, sucn as a hard drive or solid state drive for the data object. In 

some embodiments, the data persistence cache server may search an index of all the data objects 

it has stored. In this embodiment, the data persistence cache server does not have the data object 

stored locally. Thereforn, at block 635, a request is sent from the data persistence cache server to 

an data object origin server. This request may contain the same URI received in the request from 

the client at block 610 and the application center at block 625. The data object origin server . 

contacted may be the data object origin server 510 of FIG. 5A or may represent some other data 

object origin server. The request by the data persistence cache server may be received by the 

object origin server either directly OT via a network (such as the Internet) at block 640. 

[0075] At block 645, the data object origin server may locate the data object requested. 

15 Assuming that the URI indicating t.he data object initially requested by the client is valid, the 

object origin server should have the data object stored. If the data object is not present at the 

data object origin server, the data object may be assumed to not exist or that the URI submitted 

by the client is incorrect. To retrieve the data object, the data object origin server may search 

one OT more local (or remote) hard drives or solid state drives for the data object. In some 

20 embodiments, the data object origin server uses an index to locate and retrieve the data object. 

Once the data object has been located, at block 650 it may be transmitted to the data persistence 

cache server. 

[0076) At block 655, the data persistence cache server may receiv~ the data object. The data 

received from the data object origin server may also include the URI sent in the request at block 

·25 635. At block 660, the data persistence cache server may determine whether the data object 

should be stored loca1Iy. If the data persistence cache server stores the most recent data objects 

requested, the data persistence cache server may always store the data object when it is received 

from the data object or.igin server. lfthe data persistence cache server stores only the most 

frequently requested data objects, the data obje.ct may not be stored if other data objects are 

30 requested more fre9uently. As those with skill in the art will understand, there are other factors 

that may be used to determine whether the data object is stored locally at the data persistence 
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cache server. As another example, the decision as to whether to store th.e data object may be 

based partially on frequency of requests for the data object and partially on the data object being 

recently requested. Whether the data object is stored or not, it may be trnnsmitted to the 

application center at blo.ck 665. 

5 [0077] At block 670, the application center may receive the data object. This may be the same 

application center that received the request at block 610. The data received from the data 

persistence cache server may also include the URI sent in the request by the application center at 

block 620. At block 675, the application center may determine whether the data object should be 

stored locally. The factors used to consider whether lo store the data object may be the same or 

lO different from the factors used at the data persistence cache server. Again, if the application 

center stores the most recent data objects requested, the application center may always store data 

objects received from the data persistence cache server. lfthe application center stores only the 

most frequently requested data objects, the data object may not be stored if other data objects are 

requested by clients more frequently. As those with skill in the art will understand, there are 

15 other factors that may be used to determine whether the data object is stored locally at the 

application center. As another example, the decision as to whether to store the data object may 

be based partially on the freqlJency of requests for the data object and partially on the data object 

being recently requested. Whether the data object is stored by the application center or not, it 

. may be transmitted to the client at block 680. Further, to be clear, while it is possible that the 

20 same data objects may be stored at both the application and the data persistence cache server, it 

is likely that at least some different data objects would be stored at the appHcation center than the 

data persistence cache server. Also. the amount of storage available at the application center and 

the data persistence cache server may vary. For example, the data persistence cache server may 

have 50% more storage space than an application center; therefore, it may store roughly 50% 

25 more data objects. 

[0078] At block 685, the client may receive the data object it requested at block 605. The 

client may be unaware as to whether the data object was present at the application center, the 

data persistence cache server, or the data origin cache server. To the client, it may appear as if 

the client is only interacting with the application center. 

30 • [0079J While FIG. 6 illustrates an embodiment of a method of a client requesting a data object, 

assuming the. associated end user and/or client has the proper permissions, the end user and/or 
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client may also request to modify a data o~ject. FJG. 7 illustrates a swim diagram of a simplified 

embodiment of a method 700 of a client modifying a data object. Method 700 may be conducted 

using a cloud data persistence system, such as cloud data persistence system 700 of FIG. 7. 

Alternatively, some other cloud data persistence system may be used. A modification may 

involve changing data within a data object, adding data to a data object, or deleting the data 

object, to name only a few examples. Jt should be understood that in some embodiments, 

modifications to data objects are much less frequent than requests to retrieve a data object. At 

block 705, the client may transmit the request to modify the data object to an application center. 

The client may be the same client as detailed in FIG. 6 or client 540-1 or 540-2 of FIG. 5. 

Alternatively, the client of FIG. 7 may represent some other client. Similarly, the application 

center of FIG. 7 may represent the application center of FIG. 6 or any of application centers 530 

of FIG. 5. The application center of FIG. 7-may also represent some other application center. 

[0080] At block 710, the application center may receive the modification request from the 

client. The request may include a URI (such as a URL) indicating the data object the client is 

15 attempting to modify. The request may also include the ctianges, additional information, or an 

indication to delete the data object. If the application center determines it has the data object 

stored, at block 712, the application center may delete or block access to the data object so that 

other clients do not receive an out-of-date version of the data object. At block 715, a 

modification request may be transmitted from the application center to the data object origin 

20 server. This transmission may be routed from the application to the data object origin server 

(e.g., not through the data persistence cache server) or may be relayed by the data persistence 

cache server. 

[0081] At block 720, the kernel application center may receive the modification request. The 

kernel application center may be the kernel application center 111 of FIG. 5A and FIG. 5B. 

25 Kernel application center of FIG. 7 may also represent a data object origin server. After 

receiving the modification request at block 720, the kernel application center may modify the 

data object at one or more data object origin servers at block 725. Data object origin servers may 

always have a stored version of the da~ object because they maintain a stored version of all valid 

data objects. If the.data object origin server does not have a version of the data object requested 

30 to modify, it may be assumed that the data object d~s not exist or the URl sent by the client at 

block 705 was incorrect. The modification at block 725 may involve the data object being 

changed, having data added to it, or the data object being deleted. At_ block 730, the modified 
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data object may be stored at one or more data object origin servers. Obviously, if the data object 

is being deleted, this step may not occur. 

(0082] At block 735, a notification may be sent by the kernel application center that indicates 

that the data object has been modified. Of note, this modification may not contain the modified 

data object, but rather may contain only information that indicates that previous versions of the 

data object are no longer valid. This notification may be transmitted to one or more data 

persistence cache servers at block 735. While the swim diagram illustrates the notification being 

sent to only one data persistence cache server, this i~ _for simplicity only. The notification 

transmitted by the data object origin server may be sent to all data persistence cache servers (or 

those data persistence cache servers that have the previous ver~ion of the data object stored} in 

communication with the data object origin seiver. The notification may only be sent to those 

data persistence cache servers that have an out-of-date version of.the data object if the kernel 

application center is aware of which data persistence cache servers have the data object stored. 

This may be possible if the data persistence cache server informs the kernel application center of 

15 its stored data objects. Alternatively, all data perSistence caches may receive the notification 

whether they have the previous version of the data object storecJ or not. If a data persistence 

cache seiver does not have the previous version of the data object stored, the data persistence 

cache server may ignore the notification. 

[0083] At block 740, the notification may be received by the data pers.istence cache server.· 

20 The data persistence cache server may be the data persistence cache server of FIG. 6 and/or one 

of the data persistence.cache servers 520 of FlG. 5. The data persistence cache server of FIG. 7 

may represent some other data persistence cache server. At block 74S, the previous version of 

the data object may be cleared (e.g., deleted or otherwise removed) from the data persistence 

cache server. At block 750, a notification that the previous version of the data object is out-of-

25 date may be transmitted to one or more application centers at block 750 .. 

[0084) While the swim diagram illustrates the notification being sent to only one application 

center, this is for simplicity only. The notification transmitted by the data persistence cache 

server may be sent to all application centers (or those.application centers that·have the previous . 

version of the data object stored) in communication with the data persistence cache server. The 

30 notification may only be sent to those application centers that have the previous version of the 

data object if the data persistence cache server .is aware of which application centers have the 
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previous version of the data object stored. This may be possible if the application center informs 

the data persistence cache server (or the kernel application center and/or data object origin 

server) of its stored data objects. Alternatively, all application centers may receive the 

notification whether they have the previous version_ of the data object stored or not. Tf an 

application center does not have the previous version of the dat.a. object stored, the application 

center may ignore a received notification. The notification sent by the data persistence cache 

server at block 740 may represent the same or a similar notification as sent by the kernel 

application center at block 735. For example, the notification may include a URI (possibly a 

URL) indicating the data object_ that has been modified. At block 760, the previous version of 

the data object maybe cleared (e.g., deleted or otherwise demarked) from the application center. 

[0085] While the previous description and figures relate to how a client may retrieve and 

modify a data object, the storage of data objects and other data and/or files may be more 

sophisticated than one server (e.g., an application center, a data persistence cache server, or a 

data object origin server) having one or more storage devices. For example, each application 

15 center of FIG. SA may represent a cluster of servers, each connected to one or more storage 

devi~es, such as hard drives or solid state drives. FIG. 8 illustrates a simplified block diagram of 

an embodiment of an asset management and storage system 800 showing how various storage 

devices may be used to store data and accessed. While such a system may be used to store data 

objects, such as those data objects described previously, such a system may be used to store other 

20 forms of electronic data, such as media assets. A media asset may be a media file, such as a 

movie file, audio file, or image file. 

[0086] In system 800, multiple different storage devices 810 may be present. These storage 

systems may be servers having storage devices such as hard drives and/or solid state drives. 

Storage devices 810-I and 810-2 may be located in the same location or may be physically in 

25 . different locations. Each of storage devices 810 may be linked to one or more storage servers 

820. These storage servers 820 may not be physical servers, but rather logical abs~actions of 

servers. Alternatively, they may be physically separate servers. Various storage drives on 

storage servers 820 may be mapped to different storage devices. For example, storage server 

820-1 is linked to one storage drive. The storage drive is present on storage device 810-1. 

30 Storage server 820-1 and storage ~evice 810-1 • may be directly connected, or may be connected 

via a network, such as the Internet or a·private corporate intranet. 1n system 800, storage server 

820-2 has two storage drives. A first storage drive of storage server 820-2 maps to storage 
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device 810-1. Therefore, in the embodiment of the system 800, storage device 810-1 is mapped 

to two different storage servers. If, for example, storage device 810-1 has storage totaling 1 TB, 

this gross storage space may be divided among the two drives mapped to it. For example, the 

storage drive of storage s·erver 820-1 mapped to stomge device 810-1 may be.300 GB. And, the 

storage drive of storage device 820-2 mapped to storage device 810-1 may be 700 GB. Storage 

server 820-2 may also have another storage drive. The storage drive is mapped to storage device 

·810-2. In this ernhoQiment, storage device 8I0-2 is only mapped to storage server 820-2. 

Therefore, if storage device 810-2 has total storage of2 TB, this entire space may be mapped to 

the linked storage drive of storage server 820-2. Or, as another example, only 800 GB of storage 

device 810-2 may be mapped to storage server 820-2, with the remaining space being free space. 

[0087] Also, different storage devices may require communication, such as requests for media 

assets,' to use varying protocols. For example, storage device 810-1 may be configured to accept·· 

file requests via FTP. However, storage device 810-2 may use MICROSOFT WINDOWS's fil~ 

copy. It should also be understood that other proto~ols may also be used. Therefore, depending 

15 on what protocol a storage device accepts, the storage server links to that s!orage devic~ may be 

configured to communicate in the proper protocol. This may he especially useful if the entity 

operating the storage servers 820 does not control one or more of storage devices 810. For 

exarn·pte, storage device 810-2 may be maintained by some other entity, such as a client of the 

entity operating system 800. 

20 [0088] Other logical abstractions that may be present are storage systems 830. Each storage 

system, such as storage system 830- L, may contain one or more than one storage servers 820. In 

system 800, storage system 830-1 includes two storage servers: 820-1 and 820-2. Therefore, a 

request for a particular piece of data; such as a media asset. received· at storage system 830-1, 

may not indicate the storage server or the storage device where the media asset is located. 

25 However, upon receiving the ·request (possibly in the form of a URL) at storage system 830-1 for 

the media asset, it may be able to determine the appropriate storage server to contact. In tum, 

this storage server may be able to determine the appropriate storage drive (linked to a storage 

device) that contains the media asset. The logical abstractions of the storage system 830 and 

storage servers 820 may reside on the same physical servers as storage devices 810. In some 

30 embodiments, storage server 820 and storage system 830 are present on different servers than 

storage device 810. Also, storage systems 830 may be physically separate servers from storage 

servers 820. 
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[0Q89) Yet another logical abstraction may be present as storage cloud 840. Storage cloud 840 

may include one or more storage systems. Storage cloud 840 may be _viewed as the entire 

storage system. ln system 800, storage cloud 840 includes storage systems: 830-1 and 830-2. 

Therefore, storage cloud 840 may contain alJ storage systems 830 in system 800. In tum, storage 

systems 830 may contain all storage servers 820 in system 800. • Further, storage server 820 may 

be linked to all storage devices 810.in system 800. 

[0090) FIG. 9 illustrates another simplified block diagram of an embodiment of a system 900 

showing how various storage devices may be accessed. System 900 of FIG. 9 may represent the 

same system as system 800 of FlG. 8, or may represent a different system. In the embodiment 

illustrated, system 900 contains four storage devices: 910-I, 910-2, 910-3; and 910-4. These 

storage devices may represent any of storage aevices 810 of FIG. 8. Also, these storage devices 

may represent different storage_ devices. As will be understood to those with skill in the art, 

fewer or more storage devices may also be possible. In the illustrated embodiment, storage 

device 910-1 and storage device 910-2 are illustrated as being opernted by first entity 915. First 

15 entity 915 may be the entity that operates other portions of system 900, or is a client of the entity 

that operates other portions of system 900. These storage devices, 910-1 and 910-2, may be co­

located with one or more storage servers 920, or may be geographically separated. Further, 

storage device 91 0- I and storage device 910-2 may be present at the same location, or may be 

geographically separated. Storage device 910-3 may be operated by a second entity 916. In 

20 some embodiments, the second entity 916 may be a client of the first entity. In system 900, 

storage devke 910-3 may communicate wi1? other syste:r:ns 917 of the second entity 916. 

Therefore, while storage servers 920. may be able to access storage device 910-3, client system 

917 may also access and/or modify data stored on storage device 910-3 .. Storage device 910-4 is 

illustrated as part of a third entity 918. This entity may be an entity that sells or leases storage on 

25 their system. While FIG. 9 illustrates four storage devices operated by various entities. those • 

skilled in the art will recognize that this arrangement is merely for exemplary purposes. Many 

other arrangements of storage devices, operated by one or more entities may be possible. 

[0091] Whether operated by three different entities, as illustrated, or by one entity, storage 

devices 910 may communicate with multiple storage servers 920. System 900 includes four 

30 storage servers: 920-1, 920-2, 920-3, and 920-4. The storage servers 920, which may be logical 

abstractions, may communicate with the various storage devices 910 via a direct connection 

(such as 920-1 to storage device 910-1) or via a ,network (such as 920-2 to storage device 910-3). 
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The netw~rk may be a network such as the Internet or a private corporate intranet. One storage 

server may be mapped to one storage device, for example, in FIG. 9, storage server 920-1 only 

has one storage drive mapped to storage device 910-1. A storage device may -also be mapped to . 

multiple storage servers, for example, in FIG. 9, storage servers 920-2 and storage server 920-4 

are both mapped to storage device 910-3. Also, one storage server may be mapped to multiple 

storage devices. For example, storage server 920-4 is mapped to storage device 910-3 and 

storage device and 910-4. 

[0092) Also, storage servers 920 may communicate with storage devices 910 via a variety of 

different protocols.. For example, the format of requests to some storage devices may be FTP, 

while others may be MICROSOFf WINDOWS file copy. Other protocols may also be possible. 

Therefore, any request for data or a medi_a asset that is received by storage serveTS 920 does not 

need to indicate the appropriate protocol to retrieve the file or media asset from the appropriate 

storage device. 

[0093] As in FIG. 8, one or more than one storage servers may be mapped to a storage system 

15 930. Storage systems 930 may represent the same storage systems as storage systems 830 of 

FIG. 8. Alternatively, storage systems 930 may represent some other storage systems. In system 

900 of FIG. 9, storage servers 920-1 and storage server 920-2 are mapped to storage system 930-

1. Storage system 930-1 may communicate directly with the storage server (such as the 

connection between storage system 930-1 and storage server 920-1) or may use a network (such 

20 as the connection between storage system 930-1 and storage server 920-2). In system 900, 

storage system 930-2 may communicate with two storage servers: 920-3 and 920-4. While in 

system 900 storage systems 930 are shown as communicating with two storage servers each, 

those with skill in the art will recognize that a storage system may also communicate with one or 

more than two storage servers. 

25 (0094] Storage systems 930 may make up storage cloud 940. Storage cloud 940 t11ay represent 

the same storage cloud as storage cloud 840 of FIG. 8. Alternatively, storage cloud 940 may 

represent some other storage cloud. Therefore, storage cloud 940 may be viewed as including 

storage systems 930, storage servers 920, and storage devices 910. 

\ 

[0095) Other systems may interact with various components of storage_ cloud 940. For 

30 example, a content data network 960 may communicate with storage system 930-1. If the client 

requests the media asset from content data network 960 (CDN) that the CDN does not have 
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stored (a cache miss), the content data network 960 may request the media asset from storage 

system 930-1. Storage system 930-1 may then contact the appropriate storage server 920, which 

may, in tum, retrieve the medja asset via the correct protocol from the appropriate storage 

device. From the viewpoint of CON 960, it may appear that the media asset is stored at storage 

system 930-1. While CDN 960 is shown only interacting with storage system 930-l, it should be 

understood that this is for simplicity only. Multiple CDN's may communicate with storage 

system 930-1. Further, CDN's may also communicate with storage system 930-2. 

[0096) While CON 960 may communicate with storage system 930-1, file replication service 

950 may communicate directly with storage servers 920. File replication service 950 may be 

responsible for distributing various media assets to storage server 920 that need to be stored for 

possible future retrievaJ. While file replication service 950 is shown as connected to only storage 

server no-1, it should be understood that file replication service 950 may be in communication 

with multiple storage servers 920. Besides file replication service 950, other services may 

interact directly with storage server 920. 

15 (0097] FIG. 10 illustrates a simplified embodiment of a method for retrieving data (such as a 

media asset) from a storage cloud system. Such a method may be used in conjunction with a 

storage cloud system such as system 800 of FIG. 8, or system 900 of FIG. 9. The method I 000 

may also be used in conjunction with some other storage cloud system. At block IO I 0, a request 

may be received for a piece of data, such as a media asset. Such a request may be received from 

20 an entity such as a content data network or some other entity accessing the storage cloud. 

(0098) At block 1015, if the storage cloud contains more than one storage system, the 

appropriate storage system that contains the data requested may be identified. At block 1020, a 

request for the data may be sent to the appropriate storage system. At block 1025, the request 

may be received at the appropriate ~'torage system. At block 1030, the storage system may 

25 determine the appropriate storage server that stores the data requested. Such a determination 

may involve an index being searched by the storage system to determine which storage server to 

cont"!.ct. If the storage system only has one link to a storage server, such a determ4tation may not 

be necessary. At block 1035, the request for the data may be sent to the appropriate storage 

server. l_"his request may be received by the storage server at block 1040. At block 1045, a 

30 storage server may determine the appropriate storage device that stores the requested d·ata. This 

step may not be necessary if only one storage device is linked to the storage server. At block 

29 

Petitioner Disney Ex-1004, 0158



0 
?""""I 

0 
N 

?""""I 

0 

N 
00 
t­
N 
0 
N 
0 

. ?""""I 

0 
N 

1050, the storage server may send a request for the data to the appropriate storage device. This 

request may be formatted using the appropriate protocol for the storage device receiving the 

request. 

[0099] At block 1055, the request may be received at the appropriate storage device in the 

5 appropriate protocol. The storage device may then retrieve the appropriate data. At block 1060, 

the requested data may be transmitted from the storage device and received at the storage server 

at block 1065. The storage server may then transmit the requested data at block 1070, the 

requested data is then received by the storage system at block 1075. At block 1080, the 

requested data may be transmitted from the storage system to the requesting party, in this case 

10 the CDN. 

• [0100) It should be noted that the methods, systems, and devices discussed above are intended 

merely to be examples.· It must be stressed that various embodiments may omit, substitute, or 

add various procedures or components as appropriate. For instance, it should be appreciated 

that, in alternative embodiments, the methods may be performed in an order different from that 

15 described, and that various steps may be added, omitted, or combined. Also, features described 

with respect to certain embodiments may be combined in various other embodiments. Different 

aspects and elements of the embodiments may be combined in a similar manner. Also, it should 

be emphasized that technology evolves and, thus, many of the elements are examples and should 

not be interpreted to limit the scope of the invention. 

20 [01011 Specific details are given in the description to provide a thorough understanding of the 

embodiments. However, it will be understood by one of ordinary skill in the art that the 

embodiments may be practiced without these specific details. For example, well-known circuits, 

processes, algorithms, structures, and techniques have been shown without unnecessary detail in 

order to avoid obscuring the embodiments. This description provides example embodiments 

25 only, and is not intended to limit the scope. applicability, or configuration of the invention. 

Rather, the preceding description of the embodiments will provide those skilled in the art with an 

enabling description for implementing embodiments of the invention. Various changes may be 

made in the function and arrangement of elements without departing from the spirit and scope of 

the invention. 

30 (0102) Also, it is noted that the embodiments may be described as a process which is depicted 

as a flow diagram or block diagram. Although each may describe the operations as a sequential 
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process, many of the operations can be performed in parallel or concurrently. In addition, the 

order of the operations may be rearranged. A process may have additional steps not included in 

the figure. Furthermore; embodiments of the methods may be implemented by hardware, 

software, firmware, middleware, microcode, hardware description languages, or any combination 

thereof. When implemented in software, firmware~ middleware, or microcode, the program code 

or code segments to perform the necessary tasks may be stored in a computer•readable medium 

such as a storage medium. Processors may perform the necessary tasks. 

[0103} Having described several embodiments, it will be recognized by those of skill in the art 

• that various modifications, alternative constructions, and equivalents may be used without 

departing from the spirit of the invention. For example, the above elements may merely be a 

component of a larger system, wherein other rules may take precedence over or otherwise 

modify the application of the invention. Also, a number of steps may be undertaken before, 

during, or after the above elements are considered. Accordingly, the above description should 

not be taken as limiting the scope of the invention. 

15 [0104) Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as 11comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but not 

the exclusion of any other integer or step or group of integers or steps. 

(OlOSJ The reference to any prior art in this specification is not, and should not be taken as, an 

20 acknowledgement or any form of suggestion that the prior art forms part of the common general 

knowledge in Australia. 
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WHAT IS CLAIMED IS: 

l. A cloud data persistence system for distribution of data, the cloud data 

persistence system comprising: 

a first server which stores a first plurality of data objects and is communicatively 

coupled with a plurality of cache servers, wherein: 

the first server is located at a first location; 

each of the first plurality of data objects comprise a link to one of a 

plurality of media assets; and 

the plurality of media assets are stored at a second location separate from 

the first location; 

a second server that stores a second plurality of data objects and is configured to 

request a data object from the first server if the data object is not present in the second plurality 

of data objects, wherein: 

the second server is one of the plurality of cache servers; and 

the second server is communicatively coupled with a first plurality of 

application servers; 

a third server that stores a third plurality of data objects and is configured to 

request the data object from the first server if the data object is not present in the third plurality 

of data objects, wherein: 

the third server is one of the plurality of cache servers; and 

the third server is communicatively coupled with a second plur~lity of 

application servers; and 

a fourth server that stores a fourth plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the fourth 

plurality of data objects, wherein: 

the fourth server is one of the first plurality of application server; and 

the fourth server is configured to receive a request from a first client for 

the data object; 

a fifth server that stores a fifth plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the fifth plurality 

of data objects, wherein: 

the fifth server is one of the first plurality of application servers; and 
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the fifth serveds configured to receive a request from a second client for 

the data object; 

a sixth server that stores a sixth plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the sixth plurality 

of data objects, wherein: 

the sixth server is one of the second plurality of application servers; and 

the sixth server is configured to receive a request .from a third client for the 

data object; and _ 

a seventh server that stores a seventh plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the seventh 

plurality of data objects, wherein: 

the seventh server is one of the second plurality of application servers; _and 

the seventh server is configured to receive a request from a fourth client 

for the data object. 

2. The cloud data persistence system of claim 1, wherein the second location 

comprises a content delivery network. 

3. The cloud data persistence system of claim l, wherein: 

2 data objects in the second plurality of data objects are at least partially determined 

3 based on when requests for those data objects were last received at the second server; 

4 data objects in the third plurality of data objects are at least partially determined 

5 based on when requests for those data objects were last received at the third server; 

6 data objects in the fourth plurality of data objects are at least partially determined 

7 based on when requests for those data objects were last received at the f<;>urth server; 

8 data objects in the fifth plurality of data objects are at least partially determined 

9 based on when requests for those data objects were last received at the fifth server; 

10 data objects in the sixth plurality of data objects are at least partially determined 

11 based on when requests for those data objects were last received at the sixth server; and 

12 . data objects in the seventh plurality of data objects are at least partially 

13 determined based on when requests for those data objects were last received at the seventh 

14 server. 
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4. The cloud data persistence system of claim 1, wherein the first plurality of 

data objects comprises all data objects in the second plurality of data objects, the third plurality 

of data objects, the fourth plurality of data objects, the fifth plurality of data objects, the sixth 

plurality of data objects, and the seventh plurality of data objects. 

5. A cloud data persistence system for distribution of data, the cloud data 

persistence system comprising: 

a first server which stores a first plurality of data objects and is communicatively 

coupled with a second server and a third server, wherein: 

the first server is located at a first location; 

each of the first plurality of data objects comprises a link to a media asset 

of a plurality of media assets; 

the plurality of media assets is located at a second location; and 

the second location is distinct from the first location; 

the second server stores a second plurality of data objects and is configured to 

request a data object from the first server if the data object is not present in the second plurality 

of data objects, wherein the second server is communicatively coupled with a fourth server and 

fifth server; and 

the fourth server stores a third plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the third 

plurality of data objects, wherein the fourth server is configured to receive a request from a first 

client for the d~ta object. 

6. The cloud data persistence systetl) of claim 5 wherein the first plurality of 

data objects comprises all data objects present in the second plurality of data objects and the third 

plurality of data objects. 

7. The cloud data persistence system of claim 5, wherein the third server 

stores a fourth plurality of data objects and is configured to request the data object from the first 

server if the data object is not present in the fourth plurality of data objects, wherein: 

the third server and the second server are data persistence cache servers; 

and 
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the third server is communicatively coupled with a sixth and seventh 

The cloud data persistence system of claim 5, wherein the fifth server 

2 stores a fifth plurality of data objects and is configured to request the data object from the second 

N 3 server if the data object is not present in the fifth plur~lity of data objects, wherein:. 
00 
r- 4 the fifth server and the fourth servers are application servers~ and 
N o 5 the fifth server is configured to receive requests from a second client for 

8 6 the data object; and 
~ 
0 7 the fifth server is geographically separated from the fourth server. 
N 

9. The cloud data persistence system of claim 5 wherein the request from the 

2 first client for the data object comprises a universal resource indicator. 

10. The cloud data persistence system of claim 5 wherein ea~h of the first 

2 plurality of data objects comprise a universal resource locator and a title linked to a media asset 

3 of the plurality of media assets. 

11. The cloud data persistence system of claim 5, wherein data objects in the 

2 second plurality of data objects and the third plurality of data objects are at least partiaJly 

3 determined based on a frequency of requests for those data objects received from clients. 

1 12. The cloud data persistence system of claim 5, wherein data objects in the 

2 second pl~rality of data objects and the third plurality of data objects are at least partially 

3 determined• based on when requests for those data objects were last received from clients. 

1 13. The cloud data persistence system of claim 5, wherein the first plurality of 

2 data objects comprises all data objects in the seco~d plurality of data objects, the third plurality 

3 of data objects, the fourth plurality of data objects, and the fifth plurality of data objects. 

1 14. A method for retrieving data objects using a cloud data persistence system 

2 configured for distribution of data, the method comprising: 

3 receiving. by an application center, a first request from a client for a data object> 

4 wherein: 
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the application center is one of a plurality of application centers that 

communicate with a plurality of clients; 

the application center is located at a first location; 

the data object comprises a link to a media asset; and 

the media asset is stored at a second location separate from the first 

location; 

determining, by the application center, the data object is not stored among a first 

plurality of data objects stored at the application center; • 

transmitting, by the application center, a second request for the data object to a 

first cache server, wherein: 

the first cache server is communicatjvely coupled with the plurality of 

application centers; and 

the first cache server is one of a plurality of cache servers; 

receiving, by the cache server, the second request for the data object; 

determining? by the cache server, the data object is not stored among a second 

plurality of data objects stored at the cache server; 

transmitting. by the cache server, a third request for the data object to an origin 

server, wherein the origin server is communicatively coupled with the plurality of cache servers; 

receivjng, by the origin server, the third request for the data object; 

locating, by the origin server, the data object among a third plurality of data 

objects~ 

cache server; 

and 

the client. 

transmitting, by the origin server, the data object linked to the third request to the 

receiving, by the cache server, the data object linked to the third request; 

transmitting, by the cache server, the data object linked to the second request; 

receiving, by the application center, the data object linked to the second request; 

transmitting, by the application center, the data object linked to the first request to 

15. The method of claim 14 further comprising, after receiving the first data 

object from the origin server, storing, by the cache server, the first data object. 
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l6. The method of claim 14 further comprising, after receiving the first data 

2 object from the cache server, storing, by the application center, the first _data object. 

17. The method of claim 14 wherein the cache server is located at a third 

2 location. 

18. The method of claim 14 wherein the first request for the data object 

2 • comprises a universal resource indicator. 

1 

2 

19. The method of claim 14, wherein data objects in the first plurality of data 

objects and the second plurality of data objects are at least partially determined based on when 

3 requests for those data objects were last received from clients. 

1 20. The method of claim 14, wherein the third plurality of data objects 

2 comprises aJI data objects in the first and the second pluralities of data objects. • 

1 21. A cloud data persistence system for distribution of data substantially as 

2 herein described. 

1 22. A method for_ retrieving data objects using a cloud data persistence system 

2 configured for dis~ibution of data substantially as herein described. 
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ABSTRACT OF THE DISCLOSURE 

Various cloud data persistence systems and methods are described. In some 

embodiments, a client may request a data object from a server. This data object may contain a, 

Hnk to a media asset and other information linked to the video file. such as a title and duration. 

This media asset may be stored in a different location. If this first server does not have the data 

object stored locally, it may contact a second server to determine if it has the data object stored. 

If the second server does not have the data object stored, it may contact a data object origin 

server, which may have all existing data objects stored. This data object origin server may then 

send the data object to the second server, which may in tum transmit the data object to the first 

server. The first server may then transmit the data object to the client. 
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Office Action Summary 

Application No. 

13/017,866 

Examiner 

BACKHEAN TIV 

Applicant(s) 

MCGOWAN ET AL. 
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2451 
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Period for Reply 
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If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 1/31/11. 

2a)D This action is FINAL. 2b)[8J This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)[8J Claim(s) 1-20 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )IZI The drawing(s) filed on 1/31/11 is/are: a)IZ! accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)1Zl Acknowledgment is made of a claim for foreign priority under 35 U .S.C. § 119(a)-(d) or (f). 

a)IZ! All b)D Some * c)D None of: 

1.D Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 8/15/11. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120124 

Petitioner Disney Ex-1004, 0185



Application/Control Number: 13/017,866 

Art Unit: 2451 

Detailed Action 

Claims 1-20 are pending in this application. 

Drawings 

The Drawings filed on 1 /31 /11 are acceptable. 

Information Disclosure Statement 

The information disclosure statement (I OS) submitted on 8/15/11 has been 

considered. 

Priority 

Acknowledgment is made of applicant's claim for foreign priority under 35 

U.S.C. 119(a)-(d). 

Claim Rejections - 35 USC § 103 

Page 2 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 

Publication 2005/0044242 issued to Stevens et al.(Stevens) in view of US Publication 

2012/0005276 issued to Guo et al.(Guo). 

As per claims 1, 5, 14 Steven teaches a cloud data persistence system for 

distribution of data, the cloud data persistence system comprising: a first server which 

stores a first plurality of data objects and is communicatively coupled with a cache 
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server(Fig.1, para.0028-0031; web server), wherein: the first server is located at a first 

location; each of the first plurality of data objects comprise a link to one of a plurality of 

media assets(Fig.1; web server); and the plurality of media assets are stored at a 

second location separate from the first location(Fig.1; para.0028-0031, upstream proxy 

stores objects separate from web server); a second server that stores a second 

plurality of data objects and is configured to request a data object from the first server if 

the data object is not present in the second plurality of data objects, wherein: the 

second server is one of the plurality of cache servers; and the second server is 

communicatively coupled with a first servers(Fig.1; para.0028-0031, upstream proxy 

request objects from the web server); and a fourth server that stores a fourth plurality of 

data objects and is configured to request the data object from the second server if the 

data object is not present in the fourth plurality of data objects, wherein: the fourth 

server and the fourth server is configured to receive a request from a first client for the 

data objectFig.1, para.0028-0031. 

Steven however does not teach application servers or a plurality of proxy cache 

servers or a third server that stores a third plurality of data objects and is configured to 

request the data object from the first server if the data object is not present in the third 

plurality of data objects, wherein: the third server is one of the plurality of cache servers; 

and the third server is communicatively coupled with a second plurality of application 

servers; a fifth server that stores a fifth plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the 

fifth plurality of data objects, wherein: the fifth server is one of the first plurality of 
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application servers; and the fifth server is configured to receive a request from a second 

client for the data object; a sixth server that stores a sixth plurality of data objects and is 

configured to request the data object from the third server if the data object is not 

present in the sixth plurality of data objects, wherein: the sixth server is one of the 

second plurality of application servers; and the sixth server is configured to receive a 

request from a third client for the data object; and a seventh server that stores a 

seventh plurality of data objects and is configured to request the data object from the 

third server if the data object is not present in the seventh plurality of data objects, 

wherein: the seventh server is one of the second plurality of application servers; and the 

seventh server is configured to receive a request from a fourth client for the data object. 

Guo explicitly teaches the use of application proxy deemed to be application 

server(Fig.1 ). 

Therefore it would have been obvious to one ordinary skill in the art at the time of 

the invention to modify the teachings of Steven to include the use of application server 

as taught by Guo in order to quickly update applications through the use of the 

application proxy, which reduces network traffic(Guo, para.0001 ). 

One ordinary skill in the art would have been motivated to combine the teachings 

of Steven and Guo to quickly update applications through the use of the application 

proxy, which reduces network traffic(Guo, para.0001 ). 

Steven in view of Guo does not explicitly teach a plurality of proxy cache servers 

or a third server that stores a third plurality of data objects and is configured to request 

the data object from the first server if the data object is not present in the third plurality 
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of data objects, wherein: the third server is one of the plurality of cache servers; and the 

third server is communicatively coupled with a second plurality of application servers; a 

fifth server that stores a fifth plurality of data objects and is configured to request the 

data object from the second server if the data object is not present in the fifth plurality of 

data objects, wherein: the fifth server is one of the first plurality of application servers; 

and the fifth server is configured to receive a request from a second client for the data 

object; a sixth server that stores a sixth plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the sixth 

plurality of data objects, wherein: the sixth server is one of the second plurality of 

application servers; and the sixth server is configured to receive a request from a third 

client for the data object; and a seventh server that stores a seventh plurality of data 

objects and is configured to request the data object from the third server if the data 

object is not present in the seventh plurality of data objects, wherein: the seventh server 

is one of the second plurality of application servers; and the seventh server is 

configured to receive a request from a fourth client for the data object. 

However, this is merely duplication of parts, In re Harza, 27 4 F.2d 669, 124 

USPQ 378 (CCPA 1960). Therefore adding multiple cache and application servers to 

perform the method as taught by Steven and Guo would have been obvious to one 

ordinary skill in the art. 

As per claims 2, the cloud data persistence system of claim 1, wherein the 

second location comprises a content delivery network(Steven, Fig.1; para.0028-0031, 

Guo, para.0001 ). Motivation to combine set forth in claim 1. 
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As per claims 3, the cloud data persistence system of claim 1, wherein: data 

objects in the second plurality of data objects are at least partially determined based on 

when requests for those data objects were last received at the second server; data 

objects in the third plurality of data objects are at least partially determined based on 

when requests for those data objects were last received at the third server; data objects 

in the fourth plurality of data objects are at least partially determined based on when 

requests for those data objects were last received at the fourth server; data objects in 

the fifth plurality of data objects are at least partially determined based on when 

requests for those data objects were last received at the fifth server; data objects in the 

sixth plurality of data objects are at least partially determined based on when requests 

for those data objects were last received at the sixth server; and data objects in the 

seventh plurality of data objects are at least partially determined based on when 

requests for those data objects were last received at the seventh server(Steven, Fig.1; 

para.0028-0031, Guo, para.0001 ). Motivation to combine set forth in claim 1. 

As per claims 4, the cloud data persistence system of claim 1, wherein the first 

plurality of data objects comprises all data objects in the second plurality of data 

objects, the third plurality of data objects, the fourth plurality of data objects, the fifth 

plurality of data objects, the sixth plurality of data objects, and the seventh plurality of 

data objects(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set 

forth in claim 1. 

As per claims 6, the cloud data persistence system of claim 5 wherein the first 

plurality of data objects comprises all data objects present in the second plurality of data 
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para.0001 ). Motivation to combine set forth in claim 1. 
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As per claims 7, the cloud data persistence system of claim 5, wherein the third 

server stores a fourth plurality of data objects and is configured to request the data 

object from the first server if the data object is not present in the fourth plurality of data 

objects, wherein: the third server and the second server are data persistence cache 

servers; and the third server is communicatively coupled with a sixth and seventh 

server(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set forth 

in claim 1. 

As per claims 8, the cloud data persistence system of claim 5, wherein the fifth 

server stores a fifth plurality of data objects and is configured to request the data object 

from the second server if the data object is not present in the fifth plurality of data 

objects, wherein: the fifth server and the fourth servers are application servers; and the 

fifth server is configured to receive requests from a second client for the data object; 

and the fifth server is geographically separated from the fourth server(Steven, Fig.1; 

para.0028-0031, Guo, para.0001). Official Notice is taken; The art of having of 

geographically separated servers is well known in the art( see US Patent 7,373,394 

issued to Li, col.1, lines 44-55 for support). Therefore it's obvious to one ordinary skill in 

the art to modify the teachings to have servers geographically separate in order to 

provide servers in different locations for user's closest to the location to obtain 

information. By providing geographic based server, provides quicker responses to 

request. 
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As per claims 9, the cloud data persistence system of claim 5 wherein the 

request from the first client for the data object comprises a universal resource 

indicator(Steven, Fig.1; para.0005). 

Page 8 

As per claims 10, the cloud data persistence system of claim 5 wherein each of 

the first plurality of data objects comprise a universal resource locator and a title linked 

to a media asset of the plurality of media assets(Steven, Fig.1; para.0005). 

As per claims 11, the cloud data persistence system of claim 5, wherein data 

objects in the second plurality of data objects and the third plurality of data objects are 

at least partially determined based on a frequency of requests for those data objects 

received from clients(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Official Notice is 

taken; caching frequency requested objects is well known in the art. Therefore it's 

obvious to one ordinary skill in the art to modify the teaching to include caching objects 

that are frequently requested in order serve objects quickly as the cache server doesn't 

need to get the object from the origin/web server. 

As per claims 12, the cloud data persistence system of claim 5, wherein data 

objects in the second plurality of data objects and the third plurality of data objects are 

at least partially determined based on when requests for those data objects were last 

received from clients(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to 

combine set forth in claim 1. 

As per claims 13, the cloud data persistence system of claim 5, wherein the first 

plurality of data objects comprises all data objects in the second plurality of data 

objects, the third plurality of data objects, the fourth plurality of data objects, and the fifth 
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plurality of data objects(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to 

combine set forth in claim 1. 

As per claims 15, the method of claim 14 further comprising, after receiving the 

first data object from the origin server, storing, by the cache server, the first data 

object(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set forth 

in claim 1. 

As per claims 16, the method of claim 14 further comprising, after receiving the 

first data object from the cache server, storing, by the application center, the first data 

object(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set forth 

in claim 1. 

As per claims 17, the method of claim 14 wherein the cache server is located at a 

third location(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine 

set forth in claim 1. 

As per claims 18, the method of claim 14 wherein the first request for the data 

object comprises a universal resource indicator(Steven, Fig.1; para.0005). 

As per claims 19, the method of claim 14, wherein data objects in the first 

plurality of data objects and the second plurality of data objects are at least partially 

determined based on when requests for those data objects were last received from 

clients(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set forth 

in claim 1. 

As per claims 20, the method of claim 14, wherein the third plurality of data 

objects comprises all data objects in the first and the second pluralities of data 
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objects(Steven, Fig.1; para.0028-0031, Guo, para.0001 ). Motivation to combine set 

forth in claim 1. 

Conclusion 

Examiner's Note: Examiner has cited particular columns and line numbers in the 

references as applied to the claims above for the convenience of the applicant. 

Although the specified citations are representative of the teachings of the art and are 

applied to the specific limitations within the individual claim, other passages and figures 

may apply as well. It is respectfully requested from the applicant in preparing 

responses, to fully consider the references in its entirety as potentially teaching of all or 

part of the claimed invention. 

The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. See PTO-892. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to BACKHEAN TIV whose telephone number is (571 )272-

5654. The examiner can normally be reached on M-T 7-5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Follansbee can be reached on (571) 272-3964. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Backhean Tiv/ 

Primary Examiner, Art Unit 2451 
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- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
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(028406-000700US) 

By:_~/=St-=ep=han=i~e=Kl=ep=p/ ________ _ 
Stephanie Klepp 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Albert John McGowan et al 

Application No.: 13/017,866 

Filed: January 31, 2011 

For: CLOUD DATA PERSISTENCE 
ENGINE 

Customer No. 20350 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Confirmation No. 7494 

Examiner: Backhean Tiv 

Technology Center/ Art Unit: 2451 

AMENDMENT 

In response to the Office Action mailed February 8, 2012, please enter the following 

amendments and remarks: 

A listing of Claims begins on page 2 of this paper. 

Remarks begin on page 9 of this paper. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action of February 8, 2012 

Amendments to the Claims: 

PATENT 

This listing of claims will replace all prior versions, and listings of claims in the application: 

Listing of Claims: 

1. (Original) A cloud data persistence system for distribution of data, the 

cloud data persistence system comprising: 

a first server which stores a first plurality of data objects and is communicatively 

coupled with a plurality of cache servers, wherein: 

the first server is located at a first location; 

each of the first plurality of data objects comprise a link to one of a 

plurality of media assets; and 

the plurality of media assets are stored at a second location separate from 

the first location; 

a second server that stores a second plurality of data objects and is configured to 

request a data object from the first server if the data object is not present in the second plurality 

of data objects, wherein: 

the second server is one of the plurality of cache servers; and 

the second server is communicatively coupled with a first plurality of 

application servers; 

a third server that stores a third plurality of data objects and is configured to 

request the data object from the first server if the data object is not present in the third plurality 

of data objects, wherein: 

the third server is one of the plurality of cache servers; and 

the third server is communicatively coupled with a second plurality of 

application servers; and 

a fourth server that stores a fourth plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the fourth 

plurality of data objects, wherein: 

the fourth server is one of the first plurality of application server; and 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action ofFebruary 8, 2012 

PATENT 

the fourth server is configured to receive a request from a first client for 

the data object; 

a fifth server that stores a fifth plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the fifth plurality 

of data objects, wherein: 

the fifth server is one of the first plurality of application servers; and 

the fifth server is configured to receive a request from a second client for 

the data object; 

a sixth server that stores a sixth plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the sixth plurality 

of data objects, wherein: 

the sixth server is one of the second plurality of application servers; and 

the sixth server is configured to receive a request from a third client for the 

data object; and 

a seventh server that stores a seventh plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the seventh 

plurality of data objects, wherein: 

the seventh server is one of the second plurality of application servers; and 

the seventh server is configured to receive a request from a fourth client 

for the data object. 

2. (Original) The cloud data persistence system of claim 1, wherein the 

second location comprises a content delivery network. 

3. (Original) The cloud data persistence system of claim 1, wherein: 

data objects in the second plurality of data objects are at least partially determined 

based on when requests for those data objects were last received at the second server; 

data objects in the third plurality of data objects are at least partially determined 

based on when requests for those data objects were last received at the third server; 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action ofFebruary 8, 2012 

PATENT 

data objects in the fourth plurality of data objects are at least partially determined 

based on when requests for those data objects were last received at the fourth server; 

data objects in the fifth plurality of data objects are at least partially determined 

based on when requests for those data objects were last received at the fifth server; 

data objects in the sixth plurality of data objects are at least partially determined 

based on when requests for those data objects were last received at the sixth server; and 

data objects in the seventh plurality of data objects are at least partially 

determined based on when requests for those data objects were last received at the seventh 

server. 

4. (Original) The cloud data persistence system of claim 1, wherein the first 

plurality of data objects comprises all data objects in the second plurality of data objects, the 

third plurality of data objects, the fourth plurality of data objects, the fifth plurality of data 

objects, the sixth plurality of data objects, and the seventh plurality of data objects. 

5. (Original) A cloud data persistence system for distribution of data, the 

cloud data persistence system comprising: 

a first server which stores a first plurality of data objects and is communicatively 

coupled with a second server and a third server, wherein: 

the first server is located at a first location; 

each of the first plurality of data objects comprises a link to a media asset 

of a plurality of media assets; 

the plurality of media assets is located at a second location; and 

the second location is distinct from the first location; 

the second server stores a second plurality of data objects and is configured to 

request a data object from the first server if the data object is not present in the second plurality 

of data objects, wherein the second server is communicatively coupled with a fourth server and 

fifth server; and 

the fourth server stores a third plurality of data objects and is configured to 

request the data object from the second server if the data object is not present in the third 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 

PATENT 

Reply to Office Action of February 8, 2012 

plurality of data objects, wherein the fourth server is configured to receive a request from a first 

client for the data object. 

6. (Original) The cloud data persistence system of claim 5 wherein the first 

plurality of data objects comprises all data objects present in the second plurality of data objects 

and the third plurality of data objects. 

7. (Original) The cloud data persistence system of claim 5, wherein the third 

server stores a fourth plurality of data objects and is configured to request the data object from 

the first server if the data object is not present in the fourth plurality of data objects, wherein: 

the third server and the second server are data persistence cache servers; 

and 

the third server is communicatively coupled with a sixth and seventh 

server. 

8. (Original) The cloud data persistence system of claim 5, wherein the fifth 

server stores a fifth plurality of data objects and is configured to request the data object from the 

second server if the data object is not present in the fifth plurality of data objects, wherein: 

the fifth server and the fourth servers are application servers; and 

the fifth server is configured to receive requests from a second client for 

the data object; and 

the fifth server is geographically separated from the fourth server. 

9. (Original) The cloud data persistence system of claim 5, wherein the 

request from the first client for the data object comprises a universal resource indicator. 

10. (Original) The cloud data persistence system of claim 5 wherein each of 

the first plurality of data objects comprise a universal resource locator and a title linked to a 

media asset of the plurality of media assets. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 

PATENT 

Reply to Office Action ofFebruary 8, 2012 

11. (Original) The cloud data persistence system of claim 5, wherein data 

objects in the second plurality of data objects and the third plurality of data objects are at least 

partially determined based on a frequency of requests for those data objects received from 

clients. 

12. (Original) The cloud data persistence system of claim 5, wherein data 

objects in the second plurality of data objects and the third plurality of data objects are at least 

partially determined based on when requests for those data objects were last received from 

clients. 

13. (Original) The cloud data persistence system of claim 5, wherein the first 

plurality of data objects comprises all data objects in the second plurality of data objects, the 

third plurality of data objects, the fourth plurality of data objects, and the fifth plurality of data 

objects. 

14. (Original) A method for retrieving data objects using a cloud data 

persistence system configured for distribution of data, the method comprising: 

receiving, by an application center, a first request from a client for a data object, 

wherein: 

the application center is one of a plurality of application centers that 

communicate with a plurality of clients; 

the application center is located at a first location; 

the data object comprises a link to a media asset; and 

the media asset is stored at a second location separate from the first 

location; 

determining, by the application center, the data object is not stored among a first 

plurality of data objects stored at the application center; 

transmitting, by the application center, a second request for the data object to a 

first cache server, wherein: 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 

PATENT 

Reply to Office Action ofFebruary 8, 2012 

the first cache server is communicatively coupled with the plurality of 

application centers; and 

the first cache server is one of a plurality of cache servers; 

receiving, by the cache server, the second request for the data object; 

determining, by the cache server, the data object is not stored among a second 

plurality of data objects stored at the cache server; 

transmitting, by the cache server, a third request for the data object to an origin 

server, wherein the origin server is communicatively coupled with the plurality of cache servers; 

receiving, by the origin server, the third request for the data object; 

locating, by the origin server, the data object among a third plurality of data 

objects; 

cache server; 

and 

transmitting, by the origin server, the data object linked to the third request to the 

receiving, by the cache server, the data object linked to the third request; 

transmitting, by the cache server, the data object linked to the second request; 

receiving, by the application center, the data object linked to the second request; 

transmitting, by the application center, the data object linked to the first request to 

the client. 

15. (Original) The method of claim 14 further comprising, after receiving the 

first data object from the origin server, storing, by the cache server, the first data object. 

16. (Original) The method of claim 14 further comprising, after receiving the 

first data object from the cache server, storing, by the application center, the first data object. 

17. (Original) The method of claim 14 wherein the cache server is located at a 

third location. 

18. (Original) The method of claim 14 wherein the first request for the data 

object comprises a universal resource indicator. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action ofFebruary 8, 2012 

PATENT 

19. (Original) The method of claim 14, wherein data objects in the first 

plurality of data objects and the second plurality of data objects are at least partially determined 

based on when requests for those data objects were last received from clients. 

20. (Original) The method of claim 14, wherein the third plurality of data 

objects comprises all data objects in the first and the second pluralities of data objects. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action ofFebruary 8, 2012 

PATENT 

REMARKS 

Prior to the entry of this Amendment, the Application included claims 1-

20. No claims have been amended, canceled, or added. Hence, after entry of this 

Amendment, claims 1-20 stand pending for examination. 

Claims 1-20 stand rejected under 35 USC§ 103(a) as being allegedly 

unpatentable over U.S. Publication No. 2005/0044242 to Stevens et al. ("Stevens"), in 

view of U.S. Publication No. 2012/0005276 to Guo et al. ("Guo"). 

Examiner Interview 

An interview was conducted between Examiner Tiv and Applicants' 

Representatives on February 22, 2012. During the interview, Examiner Tiv and 

Applicants' Representatives discussed the terms "data object" and "media asset" in 

reference to the claims of the Application. Applicants and Applicants' Representatives 

thank Examiner Tiv for a helpful and productive interview. 

§103 Rejections 

Independent claims 1, 5, and 14 stand rejected as allegedly obvious over 

Stevens and Guo. The Applicants respectfully traverse the rejections for at least the 

reasons detailed herein. 

Claim 1 requires that the first server stores a first plurality of data objects 

at a first location. These data objects comprise links to media assets, which are stored at 

a different location than the first location. The remaining independent claims contain 

similar recitations. A data object contains information about a media asset. As an 

example, a data object may include fields containing a title, keywords, a date of creation 

of the media asset, the duration of the media asset, the file formats available for the media 

asset, and/or which clients are permitted to access the media asset. Each data object that 

details a media asset is maintained at a location separate from the corresponding media 

asset. Such an arrangement is not taught, suggested, or otherwise proved obvious by the 

cited references of Stevens and Guo, whether considered individually or in combination. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action ofFebruary 8, 2012 

PATENT 

Stevens, the primary reference, is generally directed to "supporting 

retrieval of web content over a meshed communication network." Stevens, Abstract. 

Stevens discloses the use of a universal resource locator (URL) to retrieve a resource, 

such as an HTML document, graphic image, or video clip. Id., at ,i28. Stevens describes 

the use of downstream and upstream proxies, which can be used for pre-fetching. Id., at 

,i29. While Stevens is directed to parsing and pre-fetching web content, such as web 

pages, the independent claims are directed to servers storing, requesting, and retrieving 

data objects, which describe a media asset stored elsewhere. As such, it is not the media 

assets themselves being accessed and retrieved, but rather the data objects which contain 

information about the media assets. 

Guo does not cure this deficiency. Guo is generally directed to "reducing 

application update traffic in cellular networks." Guo, ,ii. The Office Action cites to Guo 

for allegedly proving obvious the use of an application proxy arrangement. Office 

Action, p. 4. Guo, like Stevens, does not prove obvious an arrangement between data 

objects and media assets as presented in the independent claims. The independent claims 

are directed to servers storing, requesting, and retrieving data objects, which each contain 

information about a media asset stored elsewhere. Again, it is not the media assets 

themselves being accessed and retrieved, but rather the data objects which contain 

information about the media assets. Such recitations are not present in the cited 

references. 

For at least the above reasons, claims 1, 5, and 14 are not proved obvious 

by the cited references of Stevens and Guo. The remaining independent claims are non-

obvious for at least some of the same reasons. Claims 2-4, 6-13, a.rid 15-20 depend, 

either directly or indirectly, from claims 1, 5, and 14. These claims are non-obvious at 

least by virtue of their dependence on non-obvious base claims. Withdrawal of the § 103 

rejections and issuance of a notice of allowance for claims 1-20 is respectfully requested. 
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Appl. No. 13/017,866 
Arndt. dated May 18, 2012 
Reply to Office Action of February 8, 2012 

PATENT 

CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 

Application are in condition for allowance. The issuance of a formal Notice of 

Allowance at an early date is respectfully requested. Further, the Commissioner is 

hereby authorized to charge any additional fees or credit any overpayment in connection 

with this paper to Deposit Account No. 20-1430. If the Examiner believes a telephone 

conference would expedite prosecution of this application, please telephone the 

undersigned at 303-517-4000. 

Respectfully submitted, 

Karam J. Saab 
Registration No. 64,190 

KILPATRICK TOWNSEND & STOCKTON LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 415-576-0200 
Fax: 415-576-0300 
K4S/s5k 
63979459v. l 
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Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

~ attorney or agent of record. Registration Number 64,190 

D attorney or agent under 37 CFR 1.34. 

Registration nljllber if acting under 37 CFR 1.34. ___ . 

// . I I 

t:::ifb 
Typed or printed name 

May 18, 2012 

Date 

303-571-4000 

Telephone Number 
NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if 
more than one signature is required, see below. 

□ Total of forms are submitted. 
This collection of Informat1on Is required by 37 CFR 1.136(a). The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to 
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 
TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 13017866 

Filing Date: 31-Jan-2011 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Filer: Karam J. Saab/Stephanie Klepp 

Attorney Docket Number: 92853-798163 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 1251 1 150 150 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 150 
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Electronic Acknowledgement Receipt 

EFSID: 12815064 

Application Number: 13017866 

International Application Number: 

Confirmation Number: 7494 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Customer Number: 20350 

Filer: Karam J. Saab/Stephanie Klepp 

Filer Authorized By: Karam J. Saab 

Attorney Docket Number: 92853-798163 

Receipt Date: 18-MAY-2012 

Filing Date: 31-JAN-2011 

Time Stamp: 15:21:55 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $150 

RAM confirmation Number 1879 

Deposit Account 201430 

Authorized User SAAB,KARAM 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

444971 

1 
028406_000700US_AMD_ 18 - 11 

May _2012.pdf 
yes 

3ddb42113960c1253a2da612d98d7a6e6a 
6cf713 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 8 

Applicant Arguments/Remarks Made in an Amendment 9 11 

Warnings: 

Information: 

67889 

2 Extension of Time 
028406_000700US_EXT_18_Ma 

1 
y_2012.pdf 

no 
bf32b 7 33 e 7 cf9ba63a5 ad 5 b0e 34 3 8c 4fd 04( 

7e43 

Warnings: 

Information: 

30378 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
15b02155bd45042dbe44de86b0168c090c 

e8717c 

Warnings: 

Information: 

Total Files Size (in bytes) 543238 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/017,866 01/31/2011 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY [8J OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

~ BASIC FEE N/A N/A N/A 82 N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS * X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 82 TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

05/18/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) • 20 Minus ** 20 = 0 X $30 = 0 OR X $ = 

0 Independent z * 3 Minus ***3 = 0 X $125 = 0 OR X $ = 
w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L 0 OR ADD'L 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent * Minus *** X $ = OR X $ = 
0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /GWENDOLYN MYERS/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

20350 7590 05/30/2012 

KILPATRICK TOWNSEND & STOCKTON LLP 
TWO EMBARCADERO CENIBR 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

EXAMINER 

TIV, BACKHEAN 

ART UNIT PAPER NUMBER 

2451 

DATE MAILED: 05/30/2012 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

13/017,866 01/31/2011 Albert J. McGowan 92853-798163 7494 

TITLE OF INVENTION: CLOUD DATA PERSISTENCE ENGINE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional YES $870 $300 $0 $1170 08/30/2012 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 

20350 7590 05/30/2012 

KILPATRICK TOWNSEND & STOCKTON LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

APPLICATION NO. FILING DATE 

13/017,866 01/31/2011 

TITLE OF INVENTION: CLOUD DATA PERSISTENCE ENGINE 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional YES $870 

EXAMINER ART UNIT 

TIV, BACKHEAN 2451 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. 

Albert J. McGowan 92853-798163 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

709-219000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

$1170 

(Depositor's name) 

(Signature) 

(Date) 

CONFIRMATION NO. 

7494 

DATE DUE 

08/30/2012 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/017,866 01/31/2011 

20350 7590 05/30/2012 

KILPATRICK TOWNSEND & STOCKTON LLP 
TWO EMBARCADERO CENIBR 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

FIRST NAMED INVENTOR 

Albert J. McGowan 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

92853-798163 7494 

EXAMINER 

TIV, BACKHEAN 

ART UNIT PAPER NUMBER 

2451 

DATE MAILED: 05/30/2012 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
PTOL-85 (Rev. 02/11) 

Petitioner Disney Ex-1004, 0227



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom 
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel 
in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Notice of Allowability 

Application No. 

13/017,866 
Examiner 

BACKHEAN TIV 

Applicant(s) 

MCGOWAN ET AL. 
Art Unit 

2451 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 1:8] This communication is responsive to 5/18/12. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; 
the restriction requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 1-20. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 1:8] All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 
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Claims 1-20 are pending in this application. This is a response to the Remarks 

filed on 5/18/12. 

REASONS FOR ALLOWANCE 

The following is an examiner's statement of reasons for allowance: 

The prior art singly or in combination does not teach, as per claim 1, 

cloud data persistence system for distribution of data, the cloud data persistence 

system comprising: a first server which stores a first plurality of data objects and is 

communicatively coupled with a plurality of cache servers, wherein: the first server 

is located at a first location; each of the first plurality of data objects comprise a link 

to one of a plurality of media assets; and the plurality of media assets are stored at 

a second location separate from the first location; a second server that stores a 

second plurality of data objects and is configured to request a data object from the 

first server if the data object is not present in the second plurality of data objects, 

wherein: the second server is one of the plurality of cache servers; and the second 

server is communicatively coupled with a first plurality of application servers; a third 

server that stores a third plurality of data objects and is configured to request the 

data object from the first server if the data object is not present in the third plurality 

of data objects, wherein: the third server is one of the plurality of cache servers; 

and the third server is communicatively coupled with a second plurality of 

application servers; and a fourth server that stores a fourth plurality of data objects 

and is configured to request the data object from the second server if the data 
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object is not present in the fourth plurality of data objects, wherein: the fourth server 

is one of the first plurality of application server; and the fourth server is configured 

to receive a request from a first client for the data object; a fifth server that stores a 

fifth plurality of data objects and is configured to request the data object from the 

second server if the data object is not present in the fifth plurality of data objects, 

wherein: the fifth server is one of the first plurality of application servers; and the 

fifth server is configured to receive a request from a second client for the data 

object; a sixth server that stores a sixth plurality of data objects and is configured to 

request the data object from the third server if the data object is not present in the 

sixth plurality of data objects, wherein: the sixth server is one of the second plurality 

of application servers; and the sixth server is configured to receive a request from a 

third client for the data object; and a seventh server that stores a seventh plurality 

of data objects and is configured to request the data object from the third server if 

the data object is not present in the seventh plurality of data objects, wherein: the 

seventh server is one of the second plurality of application servers; and the seventh 

server is configured to receive a request from a fourth client for the data object. 

As per claim 5, cloud data persistence system for distribution of data, the cloud 

data persistence system comprising: a first server which stores a first plurality of data 

objects and is communicatively coupled with a second server and a third server, 

wherein: the first server is located at a first location; each of the first plurality of data 

objects comprises a link to a media asset of a plurality of media assets; the plurality of 

media assets is located at a second location; and the second location is distinct from 
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the first location; the second server stores a second plurality of data objects and is 

configured to request a data object from the first server if the data object is not present 

in the second plurality of data objects, wherein the second server is communicatively 

coupled with a fourth server and fifth server; and the fourth server stores a third plurality 

of data objects and is configured to request the data object from the second server if the 

data object is not present in the third plurality of data objects, wherein the fourth server 

is configured to receive a request from a first client for the data object. 

As per claim 14, method for retrieving data objects using a cloud data 

persistence system configured for distribution of data, the method comprising: receiving, 

by an application center, a first request from a client for a data object, wherein: the 

application center is one of a plurality of application centers that communicate with a 

plurality of clients; the application center is located at a first location; the data object 

comprises a link to a media asset; and the media asset is stored at a second location 

separate from the first location; determining, by the application center, the data object is 

not stored among a first plurality of data objects stored at the application center; 

transmitting, by the application center, a second request for the data object to a first 

cache server, wherein: the first cache server is communicatively coupled with the 

plurality of application centers; and the first cache server is one of a plurality of cache 

servers; receiving, by the cache server, the second request for the data object; 

determining, by the cache server, the data object is not stored among a second plurality 

of data objects stored at the cache server; transmitting, by the cache server, a third 

request for the data object to an origin server, wherein the origin server is 
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communicatively coupled with the plurality of cache servers; receiving, by the origin 

server, the third request for the data object; locating, by the origin server, the data 

object among a third plurality of data objects; transmitting, by the origin server, the data 

object linked to the third request to the cache server; receiving, by the cache server, the 

data object linked to the third request; transmitting, by the cache server, the data object 

linked to the second request; receiving, by the application center, the data object linked 

to the second request; and transmitting, by the application center, the data object linked 

to the first request to the client. 

In particular the prior art does not teach the claims as it relates to Fig.5A,B, and 

supporting para.52-68, see also Remarks filed on 5/18/12. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 

applicant's disclosure. See PTO-892. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to BACKHEAN TIV whose telephone number is (571 )272-

5654. The examiner can normally be reached on M-T 7-5. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, John Follansbee can be reached on (571) 272-3964. The fax phone 
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number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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PART B - FEE(S) TRANSMITTAL 
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Commissioner for Patents 
P,Oo Box 1450 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRllCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required)" Blocks l through 5 should be completed where 
appropn,1te. _All furt..~er correspondence Jncluding the Patent, advance orders and notificntJon of maintenance fees v.,JH be 111,1:ded to the current correspondence address as 
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KILPATRICK TOWNSEND & STOCKTON LLP 
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E•IR ST NAMED INVENTOR ATTORNEY DOCKET NO, CONFIR,'\;\,~T[ON NO" 

Albert J_ McGowan 92853-798163 7494 

PUBLICATION FEE DTJE PR.EV, PAID ISSUE FEE TOTAL FEErS) DUE DATEDTJE 

$300 $0 $]]70 08/30i20l2 
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1 Kilpatrick Townsend & Stockton Ll.P 
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2 _______________ _ 
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3" ASSIGNEE N/v'\,1E A1'\JD RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or typei 

PLEA.SE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3. l L Completion of this form is NOT a substitute for filing ,m ,1ssignmem. 

(Ai NA,'vIE OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Unicorn Media, inc_ Tempe, AZ 

Please check the appropriate assignee category or categories (will not be printed on the patent) : f,J Individual f.[I Corporation or other private group entity f,J G-overnn1ent 
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[fil Issue Fee 

~ Publication Fee (No ;;mall entity discount permitted) 
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0 Payment by credit card" Form PTO-2038 is attached. 
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overpayrnent, to Deposit Account Nurnber ( enclose an extra copy of this fonn). 

0 b. Applicant is no longer cfain1ing S11ALL ENTITY status. See 37 CFR l.27(g)(2). 
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interest as shown by the records of the United States Patent and Trademark Office" 
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PTOL-85 (Rev_ 02/11) Approved for me through 08/31/2013" 0MB 0651-0033 US Palen! and Trademark Office; U"S_ DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 13017866 

Filing Date: 31-Jan-2011 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Filer: Karam J. Saab/Rita Christensen 

Attorney Docket Number: 92853-798163 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 2501 1 870 870 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 1170 
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Electronic Acknowledgement Receipt 

EFSID: 13630471 

Application Number: 13017866 

International Application Number: 

Confirmation Number: 7494 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Customer Number: 20350 

Filer: Karam J. Saab 

Filer Authorized By: 

Attorney Docket Number: 92853-798163 

Receipt Date: 30-AUG-2012 

Filing Date: 31-JAN-2011 

Time Stamp: 17:31:11 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $1170 

RAM confirmation Number 4555 

Deposit Account 201430 

Authorized User SAAB,KARAM 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1782691 

1 Issue Fee Payment (PTO-85B) ISSUEFEE.pdf no 1 
581 d516e61513c05ed5de403aa0d75e 789 

37a9e 

Warnings: 

Information: 

31831 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
91 Sd 1 c539a lfl 0cc29638b05234852f1 66a 1 

6c4b 

Warnings: 

Information: 

Total Files Size (in bytes) 1814522 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Petitioner Disney Ex-1004, 0248



UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

13/017,866 10/02/2012 

20350 7590 09/12/2012 

KILPATRICK TOWNSEND & STOCKTONLLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 

PATENT NO. 

8280987 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

92853-798163 7494 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Albert J. McGowan, Phoenix, AZ; 
Richard L. Carls, Scottsdale, AZ; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent No. 8,280,987 

Issue Date: October 2, 2012 

Title: CLOUD DATA PERSISTENCE ENGINE 

Application No.: 13/017,866 

Filed: January 31, 2011 

Inventor(s): Albert J. McGowan; Richard L. Carls 

Attorney Docket No. 092853-000700US-0798 l 63 

December 22, 2017 

Notification of Loss of Entitlement to Small Entity Status Pursuant to 37 C.F.R. §1.27(g)(2) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This communication hereby notifies the United States Patent and Trademark Office that 

small entity status is no longer applicable for the above-identified patent; the correct status for the 

referenced patent is large. The current owner of the subject patent, Brightcove, Inc., now meets the 

requirements for large entity status. Accordingly, Applicant requests the Office update its records to 

reflect the change of entity status from small to large for the instant U.S. Patent. 

Date: December 22, 2017 Respectfully submitted, 

/Scott L. McMillan/ 
Scott L. McMillan 
USPTO Reg. No. 62079 
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Electronic Acknowledgement Receipt 

EFSID: 31326592 

Application Number: 13017866 

International Application Number: 

Confirmation Number: 7494 

Title of Invention: CLOUD DATA PERSISTENCE ENGINE 

First Named Inventor/Applicant Name: Albert J. McGowan 

Customer Number: 20350 

Filer: Scott Lee McMillan/Shannon Serrano 

Filer Authorized By: Scott Lee McMillan 

Attorney Docket Number: 92853-798163 

Receipt Date: 22-DEC-2017 

Filing Date: 31-JAN-2011 

Time Stamp: 17:36:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

83714 

1 
Notification of loss of entitlement to 092853-0798163_Notification. 

1 
small entity status pdf 

no 
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1197 

Warnings: 
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Information: 

Total Files Size (in bytes)~ 83714 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 13/017,866 
Filing Date 2011-01-31 

First Named Inventor Albert J. McGowan 

Title CLOUD DATA PERSISTENCE ENGINE 

Art Unit 2451 
Examiner Name BACKHEAN TIV 
Attorney Docket Number 40BC7US-NP 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Thomas D. Franklin/ Date (Optional) 2023-04-18 
Name Thomas D. Franklin Registration 43616 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

IV I *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Doc Code: PA. 
Docun1ent Description: Power of Aitorney PTO/.AIA/828 {C7-1a) 

Approved for use through 0313 J/2021. 0MB 0~351-0035 
U.S. Patent and Trnden1ark Office; U.S. Dc:PARTMENT OF COMMERCE 

Under the Paperwork Reduct;on Act of 1995. no persons ars required to respond to a co!!ectbn of info:-rnation unless it displays a v:_~!id 0MB contra! number 

! hereby revoke al! previous powers of attorney given in the application identified in elti·1er the attached transmittal ietter or 
the boxes below, 

I 

App!k:ation Number 

I 

Filing Date 

I 

(Note: The boxes above may be left b!ank if information is provided on form PTO/AIAi82A.) 

[Z] ! hereby appo;nt the Patent Practit:cmer(s) associated with tr;;~ followinfJ Customer Nurnber as rnyiour attomey(s) or anent(s), and 
to transact al! business in the Uniled Siates Patent and Trademark Office connected therewith for the application referencE;d in 
the attached transmittal letter (form r-~T(}/A!M82A) or identified above: 

I 191s4e 
-------------------------------------------------------

OR i 

□ i hereby appoint Practitioner(s) named in the attached list (form PTOil\lAi82C) as myiour r:1ttorney(s) or agent(s), r:1nd to transact 
aii business in the United States Patent and Trademark Office connected therewith for the patent appHcation referenced in the 
attached transmitta! letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTOiA!Ai82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

[l] The address associated with the above-ment;oned Customer Number 

OR 

□ The address associated with Customer Number: l I 
OR 

□ Firm or 
lndividuai Name 

Address 

City I State I I Z;p ! 
Country 

Telephone I Email I 
I am the App!icant (if the Applicant is a juristic entity, list the App!icant name in the box): 

I Brightcove Inc. 
□ Inventor or .Joint inventor (title not required below) 

□ Legal Repn~s,~ntative of a Deceased or Legally !ncapacitated Inventor (title not required be!ow) 

[Z] Assignee or Person to Wr,om ihe Inventor is Under an Obl;fJation to AssifJn (provide sinner's tiUe if applicant is a juristic entity) 

□ Person Who Oiherwise Shows Sufficient Proprietary lnteresl (e.\J., a petition under 37 CFR 146(b)(2) was granted in the 
application or is concurrently being fiied .vith th;s document) (provide signer's titie it applicant :s a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized t.o act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature ! Shakir Hi 1c::c:::::iini ; I Date (Optional) I UL/ U/ I LUL6 

Name Shakir HL!SSaini 

Title Commercial Counsel 

NOTE: Signature· This form must be signed by the app!1ca11t in accordance with 37 CFR ·1 33. See 37 CFFl 1.4 for signature requiren1ents 
and certifications. If more than one applicant, use multiple forms. 

[Z:}rotal of 1 forms are submitted. 
Thts collection of :r:formation :s required by 37 CFR 1 .-13·1. 1.32, and 1.33. The intorrnation is requked to obtatn or retain a benefit by thG pub!:c whk..:h ls to fiie (and by the 
US PTO ·to rxccsss) a:1 app!tcat:on CGnfidsntla:ity is C~!"Jvem€d by 35 U.S<C. 122 a:1d 37 CFR 1. '! '! and i .14. This c;.:l:ectio:1 is estimated to take 3 ;n:r:ut.es to c:;rnplete, 
inciudir.g gathering, prepar,r,g_ and subm;tting the completed appiicat,or, form tc the L:SPTO. T;r,;e wiil v;;ry de,:,m1d;n1J upon the ind,vid:.iai case. Arw ccmmer.ts er. the amount 
c,fttme you requffG !(; co:n:;lt~tt:-thts farff: .c-.rndlor SU(~ge~>tic,r:s for (edt:cing t:,:.s burder!, ~,l-iould be .sant to the Chief lr:fcnT1:ation Offfcer, U.S. Patt:nt :and Tradamark orr:cs, U.S, 
Depa,tmer.tofCcmnierce. P.O. Box 1450, Alexandria, VA 22313--1450. DO NOT SEND FEES OR COMPLETED FORfVIS TO THIS ADDRESS. SEND TO: C()mmissioner 
to, Patents, P.O. Bo:< 1460, Alexandria, VA 22313-1460. 

if you need assist:,nce in compietfng the form. cafi 1-800-PTCJ-[f19fi :-snd seiect option 2. 

I 

Doc ID: c3dd6e3f22d4c3018a8efa9bd29780087b43b55: 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in 
connection with your submission of the attached form related to a patent application or patent 
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the genera! 
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the 
information solicited is voluntary; and (3) the principal purpose for vvhich the information is used 
by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. lf you do not furnish t!1e requested information, the U.S. Patent 
and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonrnent of the application or expiration of the 
patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form vvi!I be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including 
disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, 
when the individual has requested assistance from the Member with respect to the 
subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of 
the Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, 
as amended, pursuant to 5 U.S.C. 552a{m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty 
in this system of records may be disclosed, as a routine use, to the International Bureau 
of tile World Intellectual Property Organization, pursuant to t!1e Patent Cooperation 
Treaty, 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 18·1) and for revievv pursuant 
to the Atomic Energy Act (42 U.S.C. 2i8(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the 
Administrator, General Services, or his/her designee, during an inspection of records 
conducted by GSA as part of that agency's responsibility to recommend improvements in 
records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (Le., GSA or Cornmerce) 
directive. Suell disclosure shall not be used to make determinations about individuals. 

8. A record frorn this system of records may be disclosed, as a routine use, to the public 
after either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a 
patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the 
!imitations of 37 CFR 1. ·14, as a routine use, to the public if the record was filed in an 
application which becarne abandoned or in which the proceedings were terminated and 
which application is referenced by either a published application, an application open to 
public inspections or an issued patent 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, 
State, or local lmv enforcement agency, if the USPTO becomes aware of a violation or 
potential violation of !aw or regulation. 

Doc ID: c3dd6e3f22d4c3018a8efa9bd29780087b43b55: 
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1 _ r:1.im·· UNITED STATES 
; : :~ PAT!;NT ANO TRADEMARK OFFICE 

Page 1 of 2 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET# 
13/017,866 04/19/2023 12:29:04 PM ET 92853-798163 

Title of Invention 
CLOUD DATA PERSISTENCE ENGINE 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# 8280987 

CONFIRMATION# 7494 

PATENT CENTER# 61941436 

CUSTOMER# 20350 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

40BC7US~ 
NP _CoverSheetPOA.pdf 

Digest 

DOCUMENT 

40BC7US·· 
N P ____ CoverSheetPOA. pdf 

FILED BY Dana Montgomery 

FILING DATE 01/31/2011 

FIRST NAMED Albert J. McGowan 
INVENTOR 

AUTHORIZED BY Thomas Franklin 

TOTAL DOCUMENTS: 1 

PAGES DESCRIPTION SIZE {KB) 

3 Power of At.tomey i 959 KB 

37BB38A3A91E1AE7E6B12B35A16OEBEOF3AA3E8EC7iAA5F8 
911O41AF8CCB5313530EAOEB08B0A7O19BD76B903A80058F8 
56F427C4E0A91EAE99F43E75i8270E3 

This Acknowledgement H,::eeip! evioences rnce,pt on the noted dat;:i by the USPTO of H1<:, :lldica.ted documents, characterized 

Petitioner Disney Ex-1004, 0256



Page 2 of 2 

by the applicant, and including page counts. where app!icab!e. It serves as evidence of receipt sirnilar to a Post Card. as 
described in MF'EP 503. 

If a new Hpplica!ion is be,ng filed and !he application inc!udes !he necessary components for fi!ing date (see 37 CH~ 1 .53(b)··(d) 

and MPU-' 506), a Hlk1g F."(eceipt (37 CFR 1 .54) wili b::i issued in due cours::i and the oa.te shown on this Acknowledgement 

Receipt will establish the filing date of the application 

N;afa.ma! Stage of an !ntematim,a! Appl!cafam under 35 U.S,C. 371 

If a time\' submission !o enter the national stage of an international appllca.t,on is compliant wl!I, the conditions of 35 U .S.C. 
371 and ot11er applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a national stane 

subm,ss,on under 35 US.C. 371 will be issued in Hddition !o the F::ing Receipt, in due course. 

Nmr;,, International AppUcaUon fi!ed wm1 the USPTO as a Receiving Off!ce 

I! a new international app!ication is being filed and the internationa! application includes U-1e necessary components for an 

intemational ming date (see PCT .Article 1 i and MPEP 1810)- a ~JoWication of !he lnterncrtional ApplicHtion Number and of !he 
International Fili no Date (Form PCT/R0/"105) will be issuec in due course, subject to presuiptions concerning national security, 

and the date shown on this .Aclqmwledoernent Receipt 1Nill establish the internationa! filing date of the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

13/017,866 

191546 
Mughal IP P.C. 

FILING OR 3 71 (C) DATE 

01/31/2011 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO:\IER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Albert J. McGowan 40BC7US-NP 
CONFIRMATION NO. 7494 

POA ACCEPTANCE LETTER 

1500 NW Bethany Blvd Ste 200 
Beaverton, OR 97006-5208 

111111111111111111111111]~!1]m1i~1u,~1i1i1H1~11111111111111111111111111 

Date Mailed: 04/27/2023 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/19/2023. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/tmwilliams/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

13/017,866 01/31/2011 

20350 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO:\IER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Albert J. McGowan 92853-798163 
CONFIRMATION NO. 7494 

POWER OF ATTORNEY NOTICE 
Kilpatrick Townsend & Stockton LLP - West Coast 
Mailstop: IP Docketing - 22 111111111111111111111111]~!1]m1i~1! ~,~1i1i1H1~ ~11 111111111111111 11111111 
11 00 Peachtree Street 
Suite 2800 
Atlanta, GA 30309 

Date Mailed: 04/27/2023 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/19/2023. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/tmwilliams/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 

Petitioner Disney Ex-1004, 0259



l-1:iflffl UNITEOSTATES : ~. )L PATENT ANO TRADEMARK OFFICE 

APPLICATION # 
13/017,866 

RECEIPT DATE/ TIME 
07/11/202412:56:29 PM Z ET 

Title of Invention 
CLOUD DATA PERSISTENCE ENGINE 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

CONFIRMATION# 7494 

PATENT CENTER# 66303916 

CUSTOMER# 191546 

CORRESPONDENCE -
ADDRESS 

Documents 

Digest 

2 

Page 1 of 2 

ATTORNEY DOCKET# 
40BC7US-NP 

PATENT# 8280987 

FILED BY Carolina Rodriguez 

FILING DATE 01/31/2011 

FIRST NAMED Albert J. McGowan 
INVENTOR 

AUTHORIZED BY Kevin Rieffel 

TOTAL DOCUMENTS: 2 

C832BOBE7844CE2060C34CE3FB6F459183841BFOA5D4002338 
OA76933676909COC212AE8DA77F96C90686E7D4984A8□05210 
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2A571O307138EB9FB72891066D9A 

3983571A0BC996BFE69DE2EFA2106043D0CC492C389155A67 
O3824B587E5196F7365A55D6139C65E826CF738E138136A0F0 
36C793F4B883941691O1A0AB7DF7E 
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PTO/AIA/96 ( 11-23) 
Approved for use through 05/31/2024. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
First Named Inventor/Patent Owner:ADEIA MEDIA HOLDINGS LLC 

Application No./Patent No.: 13/017,866 (Patent No. 8,280,987) Filed/Issue Date: January 31, 2011 (Issue Date October 2, 2012) 

Titled: CLOUD DATA PERSISTENCE ENGINE 

ADEIA MEDIA HOLDINGS LLC a Limited Liability Company 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose~ of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

D The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel-----~ Frame-----~ or for which a copy 
thereof is attached*. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1_ From: Albert J. McGowan To: UNICORN MEDIA, INC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 026230 Frame 0734 or for which a copy thereof is attached*. 

2. From: UNICORN MEDIA, INC. To: CACTI ACQUISITION LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 032792 Frame 0728 or for which a copy thereof is attached*. 

[Page 1 of 2] 
A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with 
an information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OM B 
Control Number. The 0MB Control Number for this information collection is 0651-0031. Public burden for this form is estimated to average 12 minutes per 
response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and 
reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions 
for reducing this burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email 
lnformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (11-23) 
Approved for use through 05/31/2024. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res ond to a collection of information unless it dis la s a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: _C_A_C_T_I _A_C_Q_U_IS_I_T_IO_N_L_L_C _____ To: BRIGHTCOVE I NC. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 034745 Frame 0158 or for which a copy thereof is attached*. 

4. From: BRIGHTCOVE INC. To: ADEIA MEDIA HOLDINGS LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 067609 Frame 0435 or for which a copy thereof is attached*. 

5. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ Frame _____ or for which a copy thereof is attached*. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ Frame _____ or for which a copy thereof is attached*. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

R *As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Kevin A Rieffel/ 2024-07-02 
Signature Date 

Kevin A. Rieffel 71,318 
Printed or Typed Name Title or Registration Number 

[Page 2 of 2] 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 09/30/2025. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 13/017,866 (Patent No. 8,280,987) 
Filing Date January 31, 2011 (Issue Date October 2, 2012) 

Albert J. McGowan 
First Named Inventor 

Title CLOUD DATA PERSISTENCE ENGINE 

Art Unit 2451 
Examiner Name Backhean Tiv 
Attorney Docket Number 001511-0003-101 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Kevin A. Rieffel/ Date (Optional) 2024-07-02 
Name Kevin A Rieffel Registration 71,318 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

I 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

It/ I *Total of j forms are submitted. 

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an information 
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Control Number. The 0MB 
Control Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, including the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information collection. Send comments 
regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United 
States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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DocuSign Envelope ID: 5AF4592C-C9DF-4A2E-9294-7B998C9EB2A0 

Document Description: Power of Attorney PTO/AIA/82B (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

[ POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I AppllcaHon Numbe, 

I 

Filing Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

~ I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR 75563 I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

IADEIA MEDIA HOLDINGS LLC 
□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature P lWL ~tlviflUtA I Date (Optional) I 4/25/2024 
Name Paul Rodriguezv 

Title Senior Vice President, Head of IP Portfolio Management 
NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

~Total of 1 forms are submitted. 
This collection of 1nformat1on Is required by 37 CFR 1.131, 1.32, and 1.33. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER 

13/017,866 

75563 
Haley Guiliano LLP (Adeia) 
75 Broad Street 
Suite 1000 
New York, NY 10004-3226 

FILING OR 371(C) DATE 

01/31/2011 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Albert J. McGowan 001511-0003-101 
CONFIRMATION NO. 7494 

POA ACCEPTANCE LETTER 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000075461964 * 

Date Mailed: 07/24/2024 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/11/2024. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1 .33. 

/mnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

13/017,866 01/31/2011 

191546 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Albert J. McGowan 40BC7US-NP 
CONFIRMATION NO. 7494 

POWER OF ATTORNEY NOTICE 
MUGHAL GAUDRY & FRANKLIN PC 
1500 NW Bethany Blvd Ste 200 
Beaverton, OR 97006-5208 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000075461852* 

Date Mailed: 07/24/2024 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/11/2024. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/mnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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