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(57) ABSTRACT 

In a peer-to-peer network system, a local node communicates 
With a remote node on Which detailed information about 
content objects resides and optionally, the content objects 
reside. The local node uses caching, message request resizing 
and predictive message requesting to speed response time to 
user requests and internal control node requests. 
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PEER-TO-PEER NETWORK CONTENT 
OBJECT INFORMATION CACHING 

RELATED APPLICATIONS 

[0001] This application is a continuation of and claims 
bene?t of priority to pending US. patent application Ser. No. 
10/868,110, ?led Jun. 15, 2004 which is incorporated herein 
in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to caching remote 
directory information and media content in a peer-to-peer 
network, and in particular to a method that caches such direc 
tory information in response to requests for speci?c items of 
the directory information. 

BACKGROUND 

[0003] The increased use of electronic devices, such as 
digital cameras, DVDs, PCs, wireless Personal Digital Assis 
tants (PDAs), stereos and TVs has resulted in increased inter 
est in networking these devices, particularly in a home envi 
ronment. Devices such as television receivers (TVs) and 
stereos can act as “players” to play content while devices like 
digital versatile disc (DVD) players, personal computers 
(PCs) and video cameras can act as sources of content termed 
“receivers.” Networking these devices allows content from a 
networked receiver node to play on a networked player node 
provided the nodes support a common content format and 
protocol. Further, node devices can support both player and 
receiver functionality. For example, a PC, that is connected to 
a global information network such at the Internet, can receive 
on-line content from the network for rendering on a remote 
node player. When equipped with DVD player software, this 
same PC allows DVD content to play on the PC. Applying this 
example to a home environment, a networked DVD receiver 
node located in the den, and typically used with the den TV, 
can provide content that is reproduced on a PC located in the 
master bedroom. In this home example, a master bedroom 
DVD is unnecessary. Accordingly, sharing content on the 
network can reduce the need for multiple receiver devices and 
players throughout the home. 
[0004] There are several peer-to-peer network descriptions 
that both support player and receiver nodes. Ease of use is 
especially desirable in the home environment. Available con 
tent and node capabilities are desirably discoverable by other 
nodes. Moreover, it may be desirable to have a master con 
troller for directing a speci?c content from one receiver node 
on the network to a networked player node. 

[0005] Among the peer-to-peer network descriptions pro 
viding these features is Universal Plug and Play (U PnP). 
UPnP provides services to enumerate available content avail 
able on the network. UPnP Context Directory Service (CDS) 
allows users to browse descriptions of content available to 
network nodes. Further, users can search content for certain 
attributes such as a movie title. User interfaces on controller 
nodes provide user access to CDS functionality on local and 
remote nodes. 

[0006] While the CDS capabilities support such remote 
browsing and searching, the user experience may be less than 

Oct. 29, 2009 

desirable. During high network traf?c periods, browsing and 
searching across the network often results in a sluggish user 
experience. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a peer-to-peer net 
work system and methods of reducing network requests for 
network data thereby avoiding network delays and reducing 
the sluggish response experienced by users. Further, the 
present invention reduces response time for network requests 
originating within the local node. In one aspect of the inven 
tion, a local network node maintains a cache of content object 
information from prior data requests that were received by the 
local node. In another aspect of the invention, content object 
information is requested across the network only if it is not 
already stored in the local node cache memory. In yet another 
aspect of the invention, the local node resiZes a request for 
content object information to cause a larger amount of the 
object information than was requested to be retrieved and 
stored in the cache memory. According to yet another aspect 
of the invention, the local node anticipates a future request for 
content object information based on past requests, requests 
the anticipated remote data before it is actually requested and 
then caches the content object information when it is 
received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of an exemplary peer-to 
peer networking system. 
[0009] FIG. 2 is a block diagram of an exemplary remote 
media server for the peer to-peer networking system shown in 
FIG. 1. 

[0010] FIG. 3 is a block diagram of an exemplary peer-to 
peer networking system having a server node and control 
node with user interface. 

[0011] FIG. 4 is a block diagram of an exemplary peer-to 
peer networking system having a server node and wireless 
control node with user interface. 

[0012] FIG. 5 is a block diagram of an exemplary peer-to 
peer networking system suitable for use in the present inven 
tion. 
[0013] FIG. 6 is a ?ow-chart diagram useful in describing 
remote data caching. 
[0014] FIG. 7 is a ?ow-chart diagram useful in describing 
resiZing a data request. 
[0015] FIG. 8 is a ?ow-chart diagram useful in describing 
predictive data requests. 
[0016] FIG. 9 is a data structure diagram that is useful for 
describing hierarchical predictive requests. 

DESCRIPTION OF THE INVENTION 

[0017] The present invention is embodied in a peer-to-peer 
network system with receiver and control nodes. Nodes on the 
network support at least one of the following logical func 
tions: content player, content receiver and controller. UtiliZ 
ing the terminology of UPnP, these logical functions are 
referred to as Media Renderer, Media Server and Control 
Point respectively. 
[0018] Media Servers expose media content to network 
nodes, access media content and report on the available media 
content. Additionally, most Media Servers store content. 
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Requests for available media content information are pro 
vided by a set of services, termed Content Directory Services 
(CDS), on the Media Server. 
[0019] Media Renderers receive media content and render 
the content locally on the node. Depending on the Media 
Renderer capabilities, information regarding available media 
content may also be rendered. 
[0020] Control Points ensure that speci?c content exposed 
by a Media Server can be rendered on a selected Media 
Renderer. To do so, the Control Point queries for a protocol 
and format common to both the Media Renderer and Media 
Server then con?gures the Media Renderer and Media Server 
for the content transfer. Optionally, a Control Point provides 
user interface functionality to service end user requests for 
information of available media content and content selection. 
Further, user requests for Media Renderer adjustments, such 
as volume control, and play control such as Play, Stop and 
Seek functions are processed by the Control Point. 
[0021] As described beloW, UPnP CDS services maintain 
content object information for the content data on or acces 
sible to the server. In existing systems, each media server 
maintains its oWn content directory and any request for spe 
ci?c content or content object information is received and 
satis?ed by the server on Which the requested content or 
content object information resides. Brie?y, the present inven 
tion expands the CDS services by maintaining cache memo 
ries of a portion of the CDS information, for example, the 
content object information, in one or more of the devices on 
the networks. According to an exemplary embodiment of the 
invention, each of these devices maintain a list of content 
object information for content object information that the 
device has previously requested or that is likely to be 
requested soon. When the device requests content object 
information that is already in the local cache memory, the 
device may access the content immediately from the cache 
memory. In an alternative embodiment of the invention, 
because the devices maintain local copies of previously 
requested content object information in their cache memo 
ries, one device may be able to satisfy a request for content 
object information from another device, so that the other 
device does not need to access the CDS of the server. 

[0022] FIG. 1 shoWs a con?guration of a peer-to-peer sys 
tem With nodes having the functionality of players, receivers 
and controllers or a combination thereof. Peer-to-peer net 
Work 170 connects personal computer 100, stereo 110, video 
cassette recorder (VCR) 120, netWorked TV 130 and DVD 
140. DVD 140 interfaces With Wireless DVD remote 150 and 
connected TV 160. Stereo 110 is a Media Renderer for play 
ing audio media and optionally a Media Server for audio 
content. Similarly TV 130 is a Media Renderer for video 
display and optionally a Media Server for video content 
received, for example, via an RF, cable or satellite tuner. VCR 
120 is a Media Server as it provides VCR content to the 
netWork. In the exemplary con?guration, DVD 140 serves 
three functions: it is a Control Point servicing user input from 
DVD Remote 150, it is a Media Renderer by rendering video 
content and user requested output to direct connected TV 160 
and it is a Media Server for DVD content. PC 100 is a Media 
Server but optionally provides Media Rendering functions. 
PC 100 may provide Control Point functionality supporting a 
user interface on PC 100. 

[0023] FIG. 2 shoWs a block diagram ofa node supporting 
Media Server functionality connected to netWork 240. As a 
node With this functionality, node 200 provides Content 
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Directory Services (CDS) 210 for exposing content acces 
sible to node 200. Content exposed by the CDS may include 
a single content “item” such as a song or a “container” for a 
group of content items such as a collection of songs along 
With the associated song play list. Collectively, content items 
and content containers are termed “content objects.” Content 
objects may also contain “metadata.” The metadata is detailed 
information that may include the formats and protocols sup 
ported for the object, a play list for a content container, 
information as to the title, artist, publisher, provider of the 
content object and other information. This metadata or parts 
of it is referred to as “content object information.” CDS 210 
provides content object information to requesting netWork 
nodes. Moreover, CDS 210 performs broWsing of control 
object information presented in a hierarchical directory struc 
ture similar to that of a ?le directory on a computer. Not only 
can CDS 210 traverse the directory structure, it can also 
search the content object information for speci?c information 
such as a song by title. UPnP CDS further provides for event 
subscription, event noti?cation and status polling thereby 
enabling Control Points to recogniZe changes in the CDS 
content object information changes. 
[0024] Optical disk 220 and hard disk 230 are optional 
sources of content on node 200. Node 200 need not store the 
actual content objects referenced by the content object infor 
mation. The content objects need only be accessible to node 
200. Accordingly, CDS 210 can contain a virtual directory of 
content object information that is to say, content object infor 
mation that points to the content on another server. CDS 210 
can aggregate content object information exposed by remote 
nodes connected to netWork 240 as Well as sources outside 
netWork 240. Further, virtual directories can be ordered by 
other criteria. For example, a speci?c content provider may 
desire a distinctive display of its content object information. 

[0025] FIG. 3 is a block diagram that shoWs one UPnP 
netWork con?guration consistent With aspects of the present 
invention. Node 350 and node 300 are connected via netWork 
360. NetWork node 350 includes Media Server 370 function 
ality and, as described above, optionally Media Renderer 
and/or Control Point functionality. Node 300 provides a user 
interface by receiving user input requests from remote control 
unit 340 and displaying the requested information on TV 380. 
The exemplary TV 380 may display content object informa 
tion in addition to rendering the content. Media Renderer 310 
directs content to TV 380. Media Render 310 can be inte 
grated With Control Point 320 such that remote nodes render 
to TV 380 only through Control Point 320. Alternatively, 
Media Render 310 can be exposed to netWork 360 alloWing 
other Control Points to render to TV 380, bypassing. Control 
Point 320. 

[0026] Navigation and selection input means on remote 
340 alloW a user to broWse and search content directories as 
Well as select content for play. Content control input means 
Which may be operated to stop, play and start content render 
ing can also be provided. Examples of such input means 
include, Without limitation, touch screens, buttons, jog 
Wheels, touch pads, joysticks and mice. User input signals 
from remote control unit 340 are transmitted to user interface 
task 330. Task 330 manages the user interface and issues data 
requests based on the user input signals, the capabilities of the 
output device TV 380, and the current display state of the 
output device. The request is sent to Control Point 320 and 
display data is transmitted to Media Renderer 310 for display 
on TV 380. 
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[0027] Another UPnP con?guration consistent With 
aspects of the present invention is shoWn in FIG. 4. Node 400 
has Media Server 410 functionality similar to that node 350 of 
FIG. 3 described above. Unlike node 300 of FIG. 3, Wireless 
control node 420 receives user request from an integrated user 
input device 440 and displays information on integrated user 
display 450. Typically, such a Wireless control node may be a 
hand-held device With a small display screen that also pro 
vides input means. Alternatively, the display and input means 
may be separate. Examples of some input means include, 
Without limitation, touch screens, buttons, jog Wheels, touch 
pads, joysticks and mice. Management of user display 450 
and user input device 440 is performed by user interface task 
460. Upon receipt of user input, task 460 generates a data 
request based on data provided by the user through the input 
device 440, the capabilities of user display 450 and the current 
display state. Optionally, task 460 functionality is incorpo 
rated into Control Point 430. 

[0028] FIG. 5 is a block diagram of a computer system 
useful in describing aspects of the invention shoWn in FIGS. 
6, 7 and 8. For the sake of clarity, a peer-to-peer netWork node 
exposing available content object information to remote net 
Work nodes and responsive to requests for the content object 
information is referred to as a “remote server node.”A “local 
control node” refers to a peer-to-peer netWork node commu 
nicating With a remote server node, supporting user input 
requests or internal node requests, outputting content object 
information, and optionally content, in response to requests. 
[0029] With reference to FIG. 5, local control node 500 
communicates With remote server node 506 using netWork 
510. Control node 500 includes processing unit 501, memory 
503, netWork interface 502, embedded user input module 504 
and embedded output module 505. Alternatively, user input 
module 504 may be external to local control node 500 as 
described above in reference to FIG. 3 (eg remote control 
unit 340). Output module 505 may be external to local node 
500 as described above in reference to FIG. 3 (eg TV 380). 
Processing unit 501 may be a microcontroller or micropro 
cessor available from vendors such as Intel, AMD, Motorola, 
Texas Instruments and others. In addition to user interface and 
netWork interface processing, processor unit 501 performs 
aspects of the present invention as described beloW and How 
charted in FIGS. 6, 7 and 8. 

[0030] NetWork interface 502 provides access to netWork 
510 and may be a netWorking chip or a netWork interface card 
supporting Wired or Wireless netWork connectivity. 

[0031] Processing unit 501 is coupled to memory 503. 
Memory 503 stores cached content object information and 
contains a control structure data to manage and access the 
cached content information. Optionally, memory 503 may 
store content objects and application data for processing unit 
501. Preferably memory 503 is a random access memory 
(RAM) but could be one of or a combination of RAM, inte 
grated storage, such as a disc, external storage device or 
removable storage device. 
[0032] Remote server node 506 includes processing unit 
508, netWork interface 507 and memory 509. Processing unit 
508 may be a microcontroller or microprocessor available 
from such vendors as described above. As described in refer 
ence to netWork interface 502, netWork interface 507 func 
tions to access netWork 510 and may also be a netWorking 
chip or a netWork card providing Wired or Wireless netWork 
connectivity. 
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[0033] Memory 509 stores content object information and 
optionally other data such as application data and/ or content 
objects for processing unit 506. Memory 509 is RAM but 
could be one of or a combination of RAM, integrated storage 
such as a disc, external storage device or removable storage 
device. 

[0034] One exemplary embodiment of the invention caches 
content object information in anticipation of requests from a 
user or processes internal to the local control node. According 
to this embodiment, the processing unit requests the content 
object information from the remote server node, receives and 
stores the requested data to local control node memory as 
described beloW With respect to FIG. 6 steps 620, 630, 640 
and 650. The local node becomes a virtual mirror of the 
remote node With respect to the content object information. 
Local requests for data can then be ?lled from the local 
remote memory thereby eliminating netWork access to satisfy 
the request. Furthermore, if another remote node requests the 
same content object information, it may be satis?ed from the 
memory 509 of the remote note as Well as from the server on 
Which the content resides. 

[0035] The exemplary caching system may use both cache 
memory and cache control information for cache manage 
ment. Minimally, the processor unit indicates if remote node 
data is stored in the cache memory. There are numerous Ways 
to store this control information. Examples are ?ags and 
pointers. Where multiple data sets can be stored in local node 
cache memory, the processor unit may determine What data is 
stored and Where it is stored. Should the memory become full, 
any or all cache data may be deleted from memory. Prefer 
ably, the least frequently used cached data is deleted ?rst so 
that more frequently accessed cached data remains available. 
In order to determine the cached data to delete, additional 
control data is helpful to determine, for example, hoW often or 
hoW recently content object information has been accessed to 
determine the best cache data to remove. The receipt time of 
the cached data, the remote node identi?er and the last time 
the data Was retrieved are other examples of such helpful data. 
Collectively, cache management data is referred to as the 
“cache control structure.” 

[0036] Additionally, the exemplary caching system uses 
some management functions. Where multiple data sets can be 
stored in local node cache memory, the processor unit 
searches its local cache memory for the requested data. When 
cache memory is full, the processor unit may free cache 
memory for neW data. Moreover, the processor may invali 
date the cache entry When the data stored in the corresponding 
remote server node changes. 

[0037] There are several Ways the processor unit can invali 
date cache memory entries. One method is a timer. Upon 
expiration of the timer, the processor unit invalidates the 
cache control structure to re?ect that the cache is empty. 
Under UPnP, the Media Server CDS function provides addi 
tional methods. In one method, the processor unit queries or 
polls the remote server node for status using the GetSyste 
mUpdateID function de?ned for UPnP CDS. In one exem 
plary method, the local control node subscribes to, or registers 
With the remote server node to receive CDS event noti?ca 
tions such as SystemUpdateID or ContainerUpdateID. A Sys 
temUpdateID event indicates that the CDS changed While 
ContainerUpdateID event indicates that a content container 
has changed. When a change event occurs, the remote server 
node sends the noti?cation to the Control Point, and the 
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Control Point invalidates the cache memory or at least an 
entry in the cache memory corresponding to the changed 
CDS entry. 

[0038] In another exemplary embodiment of the invention, 
the processor unit of the local control node determines if a 
data request can be ?lled from cache memory as How charted 
in FIG. 6.At step 600, a request for content object information 
is processed. Typically, the request is generated in response to 
user input but may originate from another process Within 
node 600. At step 610, the processor scans the cache control 
structure in local control node memory for an entry that 
satis?es the data request of step 600. If an entry is found, the 
associated cached data is retrieved from memory at step 670. 
OtherWise, at step 620, the processor issues a netWork data 
request through the netWork interface for the requested con 
tent object information. At step 630, the processor Waits for 
the requested data. When the data is received, it is stored in 
local control node cache memory at step 640. 

[0039] At step 650, the cache control structure is updated to 
indicate the presence of the cached data. Optionally, in the 
case of multiple cached data sets, once data from cache 
memory is retrieved at step 670, additional control data such 
as the last reference time is updated at step 650 for cache full 
memory management as described above. Furthermore, the 
cache may maintain a history of received requests for use With 
anticipatory cache requests, as described beloW. 

[0040] At step 660, the requested data is processed. Where 
the content object information request at step 600 is initiated 
by user input, the data may be formatted and displayed, for 
example, on a Media Renderer or on a dedicated display 
attached to the device (eg a LCD display on a portable audio 
device). In the case of a data request originating from an 
internal node process, the data is returned to the requesting 
process. 

[0041] Preferably, the steps of FIG. 6 are implemented in 
several program processes or threads. This modulariZes the 
processing and ensures that all processing is not stopped 
Waiting for a single event or remote node data to arrive as can 
be the case for netWork requests. For data requests initiated by 
user input, a user interface process builds the data request at 
step 600, and processes the requested data at step 660. For 
internal node requests, the requesting process may build a 
data request 600 and process the requested data at step 660. 
Steps 610, 670, 640 and 650 are performed by a cache man 
agement process. Steps 620 and 630 are processed by a net 
Work communication thread. Events or messages are passed 
betWeen the processes to perform the functions of FIG. 6. 

[0042] In accordance With yet another exemplary embodi 
ment of the invention, FIG. 7 is a How chart for a method of 
caching Whereby the processor unit of the local control node 
resiZes a request in anticipation of a future request. In general, 
the method involves determining the probability or likelihood 
that data in addition to the requested content object informa 
tion Will be requested in the future. If this probability is 
greater than a threshold (e. g. 50 percent), the request is 
resiZed and any identi?ed additional content object informa 
tion is added to the original request. In FIG. 7 steps 720, 730 
and 780 address this aspect of the present invention. For other 
steps, processing is similar to that of the similarly named 
steps of FIG. 6 discussed above. Speci?cally, steps 700, 710 
and 790 match steps 600, 610 and 670 respectively. Steps 740, 
750, 760 and 770 match steps 620, 630, 640 and 650 respec 
tively. 
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[0043] At step 720, the processor unit examines and possi 
bly resiZes the data request. One factor in determining 
Whether to resiZe a request is the siZe of the request itself. For 
example, the increased time to retrieve six items over that of 
retrieving three items can add a small amount of additional 
time to the one request Which is much less than the amount of 
time for tWo additional requests for tWo items. 

[0044] Another determining factor for resiZing is ordering 
of the requested data output. Where the initial request is for 
data likely to be displayed consecutively such as in a listing of 
content object information, often it is more e?icient to revise 
the request siZe. Consider a content object information list of 
30 available movie titles and the user broWsing items 11-20. 
Because it is common for a user to page doWn or up through 

the list of 30 title items, it is advantageous at step 730 to resiZe 
the request to retrieve items 1-30 as the list is displayed 
consecutively. Here, increasing the request siZe eliminates the 
need for tWo entire message requests for items 1 - 10 and 21-30 
as Well as the additional packet overhead in returning data for 
these tWo requests. The siZe of the resiZe request is not limited 
to the entire list. It is contemplated that smaller resiZe opera 
tions may also provide bene?t. In the above scenario, for 
example, When the user accesses items 11-20 it may be 
assumed that he or she has no interest in items 1-10 and the 
request may be resiZed to encompass only items 11-30. 
[0045] The advantages of this technique are best illustrated 
in vieW of exemplary peer-to-peer netWork FIG. 4. Integrated 
user display 450 in this embodiment may be, for example, the 
display of a hand-held device. If so, a user page doWn request 
during broWsing uses less data to ?ll the small hand-held 
device screen. Because there is less data on the screen, it is 
more likely the user Will be paging doWn or up more often to 
see the titles. By caching the entire list of titles, or at least a 
larger subset of the list, further netWork requests may be 
reduced or eliminated. Resizing the request does use addi 
tional processing When the data for the resiZed request arrives 
at step 760. All or part of the data can be cached, but at step 
780, only the data responsive to the original request at step 
700 is processed. As described above With respect to FIG. 6, 
modularity and process How may make it desirable to imple 
ment the steps of FIG. 7 in several program processes or 
threads. 

[0046] Referring noW to FIG. 8, predictive message 
requesting uses past message requests to predict a future 
request. The predictive request is issued and the data is stored 
to local control node memory. In order to revieW past 
requests, the processor unit may store the original requests, 
such as those ofFIG. 6 step 600 and FIG. 7 step 700, to local 
node memory referred to as “request history memory.” The 
processor unit performs the steps of FIG. 8 periodically, dur 
ing processor idle time, after a data request is processed by the 
requester, such as in step 660 of FIG. 6 and step 780 of FIG. 
7, or as part any data request. Preferably, predictive caching is 
performed during idle time When the processor unit is not 
servicing data requests. At step 800, the processor determines 
if a recently satis?ed request corresponds to a request that Was 
previously stored in the request history memory. If so at step 
810, the processor unit revieWs the request history memory 
for a pattern. 

[0047] Among the recogniZed patterns is repeated user 
requests for page up or page doWn through a content object 
information list of items. In this case, Where an initial request 
for items 1-20 is folloWed by a request for items 21-40, the 
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processor unit generates a predictive data request for items 
41-60 as a data request for these items is likely. 
[0048] Another recognized pattern is caching items in a 
hierarchical content object information listing. Referring 
noW to FIG. 9, consider top level list 900 With items “Music”, 
“Movies” and “Radio”. Each of the top level list 900 items 
may have items or “children” Within that category. For 
example, selection of “Music” reveals the children in inter 
mediate list 910 items “All”, “Albums”, “Artists” and “Play 
Lists.” Further, if item 920 “Albums” is selected, bottom level 
list 930 is exposed With album items “Cracked Rear View”, 
“Jagged Little Pill” and “Tuesday Night Music Club.” In 
accordance With this aspect of the invention, When the user 
highlights or moves a pointer over an item, but has yet to 
select the item, the processor predicts that the loWer level may 
be selected and peremptorily requests and caches the content 
object information for the loWer level. In this example, loWer 
list 930 is cached for possible presentation upon selection of 
item 920. Although this example addresses caching the loW 
est level information in the hierarchy, often termed “drilling 
doWn”, this caching can be performed at any level of the 
hierarchy. Accordingly, highlighting item “Music” in top 
level list 900 causes intermediate list 910 items to be cached. 
[0049] Referring again to FIG. 8, if at step 820, the proces 
sor unit recogniZes a pattern, a netWork request for the data is 
issued at step 830, preferably through a netWork communi 
cation thread. At step 840, the processor unit Waits for arrival 
of the request content object information. Once this data is 
received, at step 850 the data is stored to cache memory and 
at step 860, the cache structure is updated. 
[0050] It is contemplated that the invention may be imple 
mented in softWare that may run on the processor 501 and 
memory 503 of the local node shoWn in FIG. 5. In this 
embodiment of the invention, the softWare may be embodied 
in a carrier such as an optical or magnetic disc, a memory card 
or an audio frequency, radio frequency or optical carrier 
Wave. 

[0051] It is understood that the draWings and descriptions 
herein are offered by Way of example to facilitate understand 
ing of the invention. It is understood by those skilled in the art 
that various changes in form can generate additional embodi 
ments and modi?cations Without departing from the spirit and 
scope of the invention. 

1.-20. (canceled) 
21. A method, comprising: 
identifying anticipated content object information in 

advance of a predicted request to a local node for the 
anticipated content object information; 

determining if a likelihood that the anticipated content 
object information Will be requested meets or exceeds a 
threshold; 

if the likelihood meets or exceeds the threshold, requesting 
the anticipated content object information from a remote 
node and storing the anticipated content object informa 
tion in a cache memory of the local node; and 

in response to an actual request to the local node for certain 
content object information, ful?lling the actual request 
at least in part using the anticipated content object infor 
mation previously stored in the cache memory of the 
local node. 

22. The method according to claim 21 Wherein the identi 
fying anticipated content object information further includes 
revieWing past requests and identifying a pattern. 
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23. The method according to claim 22 further including 
storing a history of the past requests in the cache memory of 
the local node. 

24. The method according to claim 22 Wherein the identi 
fying a pattern includes identifying a repeated sequence of 
user requests. 

25. The method according to claim 21 Wherein the request 
ing the anticipated content object information from the 
remote node includes resiZing a current request for base con 
tent object information so as to add additional content object 
information to the base content object information. 

26. The method according to claim 25 Wherein the resiZing 
the current request includes adding additional content object 
information consecutive in ordering With the base content 
object information. 

27. The method according to claim 25 Wherein the resiZing 
the current request includes determining if the base content 
object information is from a hierarchically ordered set of 
content object information entries and adding additional con 
tent object information loWer in the hierarchy of the hierar 
chically ordered set of content object information entries. 

28. The method according to claim 21 Wherein the content 
object information is content object information provided 
according to Content Directory Services (CDS) of a Univer 
sal Plug and Play (UPnP) netWork. 

29. The method according to claim 21 Wherein the request 
ing the anticipated content object information from the 
remote node further includes receiving the anticipated con 
tent object from the remote node When the anticipated content 
object is determined to be found in the remote node or receiv 
ing the anticipated content object information from a second 
remote node When the anticipated content object information 
is determined to be found in the second remote node through 
a reference to the second remote node from the ?rst remote 
node. 

30. The method according to claim 21 Wherein the storing 
the anticipated content object information in the cache 
memory of the local node includes: 

determining if the cache memory of the local node is full; 
and 

if the cache memory of the local node is full: 
identifying one content object information entry in the 

cache memory of the local node that is less likely to be 
accessed than another content object information 
entry in the cache memory of the local node; and 

storing the anticipated content object information in 
place of the identi?ed content object information 
entry. 

31. The method according to claim 30 Wherein the identi 
fying the one content object information entry in the cache 
memory that is less likely to be accessed than the other con 
tent object information entry in the cache memory of the local 
node includes: 

determining hoW recently each content object information 
entry has been accessed; and 

identifying a least recently accessed content object infor 
mation entry as the identi?ed one content object infor 
mation entry. 

32. The method according to claim 30 Wherein the identi 
fying the one content object information entry in the cache 
memory that is less likely to be accessed than the other con 
tent object information entry in the cache memory of the local 
node includes: 
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determining hoW frequently each content object informa 
tion entry in the cache memory of the local node has 
been accessed; and 

identifying a least frequently accessed content object infor 
mation entry as the identi?ed one content object infor 
mation entry. 

33. A method, comprising: 
identifying anticipated content object information in 

advance of a predicted request to a local node; 
determining if the anticipated content object information is 

stored in a cache memory of the local node; 
if not stored in the cache memory of the local node, receiv 

ing the anticipated content object information from a 
remote node so as to mirror an original entry in the 
remote node and storing the anticipated content object 
information in the cache memory of the local node; 

in response to an actual request to the local node for explicit 
content object information, ful?lling the request using 
the anticipated content object information stored in the 
cache memory of the local node; and 

in response to an indication of at least a likelihood the 
original entry has changed prior to the actual request, 
invalidating the anticipated content object information. 

34. The method according to claim 33 Wherein the invali 
dating the anticipated content object information further 
includes setting a timer When the anticipated content object 
information is ?rst received from the remote node and deter 
mining When the timer setting has expired. 

35. The method according to claim 33 Wherein the invali 
dating the anticipated content object information further 
includes querying the remote node for a status regarding 
changed entries. 

36. The method according to claim 33 Wherein the invali 
dating the anticipated content object information further 
includes registering With the remote node for receiving noti 
?cation from the remote node of changed entries. 

37. The method according to claim 33, Wherein the content 
object information is provided according to Content Direc 
tory Services (CDS) of a Universal Plug and Play (UPnP) 
network. 

38. An apparatus, comprising: 
a cache in a local node for storing items; and 
a processor con?gured to: 

identify anticipated content object information in 
advance of a predicted request to the local node for the 
anticipated content object information; 

determine if a likelihood that the anticipated content 
object information Will be requested meets or exceeds 
a threshold; 

if the likelihood meets or exceeds the threshold, request 
the anticipated content object information from a 
remote node and store the anticipated content object 
information in the cache of the local node; and 

in response to an actual request to the local node for 
certain content object information, ful?ll the actual 
request at least in part using the anticipated content 
object information previously stored in the cache of 
the local node. 

39. The apparatus of claim 38 Wherein the processor is 
further con?gured to set a timer When the anticipated content 
object information is ?rst received from the remote node and 
determining When the timer setting has expired. 
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40. The apparatus of claim 38 Wherein the processor is 
further con?gured to query the remote node for a status 
regarding changed entries. 

41. The apparatus of claim 38 Wherein registering With the 
remote node to receive noti?cation from the remote node of 
changed entries. 

42. The apparatus of claim 38 Wherein the content object 
information is provided according to Content Directory Ser 
vices (CDS) of a Universal Plug and Play (UPnP) netWork. 

43. A computer-readable medium having stored thereon, 
computer-executable instructions that, if executed by a 
device, cause the device to perform a method comprising: 

identifying anticipated content object information in 
advance of a predicted request to a local node for the 
anticipated content object information; 

determining if a likelihood that the anticipated content 
object information Will be requested meets or exceeds a 
threshold; 

if the likelihood meets or exceeds the threshold, requesting 
the anticipated content object information from a remote 
node and storing the anticipated content object informa 
tion in a cache memory of the local node; and 

in response to an actual request to the local node for certain 
content object information, ful?lling the actual request 
at least in part using the anticipated content object infor 
mation previously stored in the cache memory of the 
local node. 

44. The computer-readable medium of claim 43 Wherein 
the method further comprises: 

identifying anticipated content object information in 
advance of a predicted request to a local node; 

determining if the anticipated content object information is 
stored in a cache memory of a local node; 

if not stored in the cache memory of the local node, receiv 
ing the anticipated content object information from a 
remote node so as to mirror an original entry in the 
remote node and storing the anticipated content object 
information in the cache memory of the local node; 

in response to an actual request to the local node for explicit 
content object information, ful?lling the request using 
the anticipated content object information stored in the 
cache memory of the local node; and 

in response to an indication of at least a likelihood the 
original entry has changed prior to the actual request, 
invalidating the anticipated content object information. 

45. An apparatus, comprising: 
means for identifying anticipated content object informa 

tion in advance of a predicted request to a local node for 
the anticipated content object information; 

means for determining if a likelihood that the anticipated 
content object information Will be requested meets or 
exceeds a threshold; 

if the likelihood meets or exceeds the threshold, means for 
requesting the anticipated content object information 
from a remote node and means for storing the antici 
pated content object information in a cache memory of 
the local node; and 

in response to an actual request to the local node for certain 
content object information, means for ful?lling the 
actual request at least in part using the anticipated con 
tent object information previously stored in the cache 
memory of the local node. 

* * * * * 


