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<GenericMultiNodelnstruction type="DefaultRemoveNode"> <GenericMultiNodeInstruction type="DefaultStayNode"> All nodes not mentioned in subtags listed below within this Nodelnstruction will be removed 
(resp. stay) in the payload. 

<ExcludeNodesfrom Default> 
(subtag of GenericMultinodelnstruction) Child nodes are targeted by paths and handled opposite to the type setting - if 
"DefaultRemoveNode" was choosed the mentioned nodes will stay in the payload. 

aModulation instructions> 
(subtag of GenericMultiNodelnstruction) Child nodes are targeted by path and handled according the attached Nodelnstruction, 

<gnoreModes> 
(subtag of GenericMultiNodelnstruction) Child nodes mentioned will be not touched by this Nodelnstruction, they are handled by the 
superior parent Nodeinstruction. 

FIGURE 17A 

<SingleNodelnstruction type="cut"> The characters contained by the node attached to this Nodelnstruction will be cut down 
to "length" if length is exceeded. 
<SingleNodelnstruction type="linedelimiter"> 
The linebreaks in WSXML (encoded as "\n") are replaced with other characters. 

<SingleNodelnstruction type="linedelimiterremove"> The linebreaks in WSXML (encoded as "\n") are replaced with one empty space. 
<SingleNodelnstruction type="remap"> A value from a fixed set of single tokens is replaced with another value from a 
corresponding set of single tokens. 
<SingleNodeinstruction type="phone"> All non-numeric values are removed. Only a "+" survives in front of a phone-string. 

FIGURE 17B 
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<Uniform MultiNodelnstruction type="Notlaentified"> 
All child nodes are handled without any difference with the attached Nodelnstruction into 
the payload. Attention: removed data can't be reattached to the origin child node. 

<Uniform MultiNodelnstruction type="ldentified"> All child nodes are handled without any difference with the attached Nodelnstruction into 
the payload. Using identifying properties of the child nodes the removed data will be 
reattached to the origin child node. 
<Uniform Multinodelnstruction type="ldentified Restricted"> 
Using identifying properties of child nodes only a fixed subset of all child nodes are 
handled into the payload. Additionally for each child node identity the attached 
Nodelnstruction can be replaced by a specialised one. Additionally identities can be 
mapped 1:1. Removed data will be reattached to the origin child node. 

<UniformMultiNodelnstruction type="ldentified Mapped"> Using identifying properties of child nodes a subset of all sub nodes are handled into the 
payload. Additionally for each child node identity the attached Nodelnstruction can be 
replaced by a specialised one. Additionally identities are mapped nim, such that an 
identity may change by moving back and forth. First of all removed data will be 

to the origin child nodes and for the remaining unhandled nodes the mapping 
IS applied. 

<Counted 1</Countd 
(subtag of Uniform MultiNodelnstruction) Restricts the maximum number of child nodes to be handled into payload. 

<Nodeldentifier 
(subtag of UniformMultiNodelnstruction) Defines which properties are used to identify a child node and whether a property is 
singleValued (as it is) or not (set of string token). 
gSetOfNOdedentities 
(subtag of UniformMultiNodelnstruction type="Identified Restricted") 
Defines the identities of child nodes to be handled into the payload. Additionally the 
identity properties may be mapped 1:1. 
<OtherNodeMapping> (subtag of Uniform MultiNodeInstruction type="ldentified Mapped") 
Defines the identities of child nodes to be handled into the payload. Then:m mapping of 
identity properties are defined based on available identities on both mapping sides. 

FIGURE 17C 
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<GenericMultiNodelnstruction type="DefaultRemoveNode"> 

FIGURE 18A 

<ExcludeModes from Default> <PathZname/given</PathZ <Path-name/family</Path 
</ExcludeNodesfrom Default> 

FIGURE 18B 

<Modulation instructions> 
<PathWithinstruction> 

< Pathdtitle.</Pathd 
<nstruction> <SingleNodelnstruction type="cut"> <ModulationArguments> <ArgumentWithldentifier <Argument>154/Argument> <ldentifier-length:4/ldentifiers </ArgumentWithldentifiers </ModulationArguments> </SingleNodelnstruction> 
</instruction> 

C/PathWithinstruction> 

FIGURE 18C 
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< PathWithinstruction> 
< Pathbemailist</Path) 
<nstruction> <Uniform MultiNodelnstruction type="ldentifiedMapped"> 

gPathdemaik/Path) 
<nstruction> <GenericMultiNodelnstruction type="DefaultStayNode"> 

<gnoreNodes> <PathZG)/typez/Path 
</ignoreModes> 

</GenericMultiModelnstruction> 
</Instruction> 
<Count>3</Count> 
<NOdeldentifierd <PathWithidentifierWithSingleValued> 

<Pathf> <SingleValued>trueg/SingleValued> 
<dentifierdemailaddress.</dentifier) </PathWithidentifierWithSingleValued> 

</NOdedentifier) <OtherNodeMapping> <Path-G)/types/Path <AvailableServerValues singleValued="false"> <ServerValue ranking="1">INTERNET PREF</ServerValue> <ServerValue ranking="2">INTERNET</ServerValue <ServerValue ranking="3">INTERNET-/ServerValue 
</AvailableServerValues> <AvailableDeviceValues singleValued="true"> <DeviceValue ranking="1">Email1</DeviceValue <DeviceValue ranking="2">Email24/DeviceValue <DeviceValue ranking="3">Email3</DeviceValue2 
</AvailableDeviceValues> 
<Mapping> 

<Relation> <ServerValue ranking="1">INTERNET PREF</ServerValue <DeviceValue ranking="1">Email1</DeviceValue 
</Relation> 
<Relation> <ServerValue ranking="9">INTERNET</ServerValue <DeviceValue ranking="1">Email1</DeviceValue 
</Relation> 
<Relation> <ServerValue ranking="1">INTERNET PREF</ServerValued 

<DeviceValue ranking="9">Email2</DeviceValue 
</Relation> 
<Relation> <ServerValue ranking="2">INTERNET</ServerValue <DeviceValue ranking="2">Email2-/DeviceValue 
</Relation> 
<Relation> <ServerValue ranking="1">INTERNET PREF</ServerValue& <DeviceValue ranking="9">Email3</DeviceValue 
</Relation> 
<Relation> <ServerValue ranking="2">INTERNET</ServerValue <Devicevalue ranking="3">Email3</DeviceValue 
</Relation> 

</Mapping> </OtherNodeMapping> 
</Uniform MultiModeinstruction> 

</instruction> 
</PathWithinstruction> 

FIGURE 18D 
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CPathWithinstruction> 
< Pathaphonelist.</Paths 
Cnstruction> <UniformMultiNodelnstruction type="identified Restricted"> 

<Path-phones/Path’ 
anstruction> GenericMultiNodelnstruction type="DefaultStayNode" 

<ExcludeModesfrom Default 
< Path-Gidg/Paths 

</ExcludeNodesfrom Default 
<Modulation instructions? 

&PathWithinstruction> 
&Pathfic 
CInstruction> <SingleNodeinstruction type="phone"f 
<Instruction> 

</PathWithinstruction> 
afModulation instructionSP 
<gnorenodes> 

<Path G/typez/Path’ 
</ignoreNodes> 

</GenericMultiModelnstruction 
<Instruction 
<Count).5g/Count 
CNodeidentifier PathWithidentifierWithSingleValued 

< Path G/types/Path’ <SingleValued-falsex/Singleyalued 
<ldentifiercephonetype.</identifier 

</PathWithidentifierWithSingleValued 
</Nodeldentifier) 
<SetOfNodeldentities <ldentityWithinstructionWithCount 

<dentity) 
CldentifierWithContent> <identifiercephonetypeslidentifier 

Content PREF WORK VOICE</Content <MappedContent>WORK-/MappedContent 
<IdentifierWithContentP 

</identity> 
<Count 1 CFCount 

</identityWithinstructionWithCount F G U R E 1 8 E <identityWithinstructionWithCount <ldentity> 
<dentifierWithContent Cidentifier phonetypesidentifier? 

<Content>PREF HOME VOICEs/Content <MappedContent>HOME</MappedContent 
aidentifierWith Cotent 

</Identity> 
CCount 1 CfCount 

</IdentityWithinstructionWithCount 
<dentityWithinstructionWithCount 

<identity 
<dentifierWith Content <identifiercephonetypes/dentifier 

Content>PREF CELL VOICE</Content <MappedContent>CELLC/MappedContent 
aficientifierWith ContentP 

</identity. 
CCounts 1 CICount </identityWithinstructionWithCount 

<dentityWithinstructionWithCount 
<dentity> 

<ldentifierWithContent> <dentifier-phonetypes/dentifier 
Content-PREF WORK FAXCIContent> <MappedContent>FAX</MappedContent 

</identifierWithContent 
</ldentity> 
kCount>1</Count 

</identityWithinstructionWithCount 
<identityWithinstructionWithCount 

<dentity> 
aidentifierWith Content <identifierophonetypes/Identifier 

Content>PREF VOICES!Content> 
<MappedContentis 

afdentifierWith Content> 
</identity> 
<Counte 1CFCount </IdentityWithinstructionWithCount 

</SetOfNodel.dentities.> 
</Uniform MultiNodelnstruction’ 

CInstruction> 
</PathWithinstruction> 

</Modulation instructions> 
</GenericMultiNodeinstruction 
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CONTENT ROUTER PROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation-in-part of and 
claims benefit to previously filed U.S. patent application Ser. 
No. 11/182,287, filed Jul 14, 2005, entitled CONTENT 
ROUTER, to Torsten SCHULZ. et al., and is hereby incor 
porated by reference as if fully set forth herein. This appli 
cation is further related to co-filed U.S. patent application 
Ser. No. (Attorney Docket No.32421201 1000), filed 
Oct. 31, 2005, entitled CONTENT ROUTER CORE VARI 
ANTS, to B. Ebbesen et al., and is hereby incorporated by 
reference as if fully set forth herein. 

BACKGROUND 

0002) 
0003. The present invention relates generally to main 
taining user devices and accounts, and more particularly to 
synchronizing information accessible from multiple devices 
and networked accounts. 

0004 2. Description of Related Art 

1. Field 

0005 Known routers and synchronization systems do not 
analyze the payload data received from one node to deter 
mine whether or not to forward all or part of the data to a 
second node. For example, a router uses an address it 
receives and a routing table to determine which destination 
nodes will receive a copy of the incoming packet. Known 
routers determine routing based on the address of packet. 
Additionally, known routers do not contain long term 
memory to hold packets. Thus, a packet will not be received 
by the second node unless the first node sends the packet to 
the router while the second node is also connected to the 
rOuter. 

0006 A synchronization system holds a master copy of a 
set of records it is mirroring on one or more handheld 
devices. After a change occurs on one device and that device 
forwards a changed recorded to the synchronization system, 
the synchronization system updates its master copy, which is 
then available to other devices when they synchronize to the 
system. Known synchronization systems must keep a master 
copy of all synchronized records. For example, a hand held 
organizer may operate with a synchronization tool on a PC. 
Both the organizer and PC maintain a master copy of all 
records. Thus, a master copy may be maintained at multiple 
locations. Additionally, if a synchronization system is to 
work with devices not simultaneously connected to the 
synchronization system, the synchronization system will 
need to keep a copy of each new record. If a record 
represents an audio file or an image file, the synchronization 
system may need a Substantial amount of storage. 
0007 Hence, an improved system for synchronizing des 
tinations of content would be advantageous and in particular 
a system allowing increased flexibility, reduced complexity 
and/or improved performance would also be advantageous. 

BRIEF SUMMARY 

0008. In accordance with one aspect of the invention, 
there is provided a content routing system for routing 
changes to information between a plurality of content nodes 

Feb. 1, 2007 

and a command memory, the content routing system com 
prising: Store and forward logic including: processing logic 
for: processing an incoming command from a first content 
node; selecting a set of destination content nodes based on 
a content type of the incoming command and one or more 
routing parameters; and generating an outgoing command 
for each of the selected destination content nodes; and 
command memory, coupled to the processing logic, for 
holding the incoming command and the set of outgoing 
commands; and a connected data set configuration, coupled 
to the processing logic, for holding the one or more routing 
parameters. 

0009. Some embodiments include a gateway for trans 
lating between the first protocol and a common protocol; and 
a protocol adapter for translating between the common 
protocol to the command protocol. Some embodiments 
include a command memory having an incoming queue for 
holding the incoming command and an outgoing queue for 
holding the set of outgoing commands. Some embodiments 
include a database for holding the incoming command and 
the set of outgoing commands, wherein each command has 
an attribute identifying a state of the command. Some 
embodiments include an outgoing in-transit queue State. 
Some embodiments include an incoming in-transit queue 
State. 

0010. In accordance with another aspect of the invention, 
there is provided a content routing system comprising: Store 
and forward logic including logic for selecting destination 
content nodes based on a content type of an incoming 
command and one or more routing parameters; modifying 
the incoming command to generate at least one outgoing 
command, wherein each outgoing command corresponds to 
a selected content node; and a connected data set configu 
ration for holding the one or more routing parameters. 
0011. In some examples the data modulation logic may 
further include at least one data module operable to modify 
a data field of the incoming command data structure. The 
incoming command may include an XML-tree data structure 
schema, for example, and the data modulation logic may 
modify a particular node of the XML-tree data structure. In 
Some examples, the data modulation logic may operate to 
divide a first incoming command associated with a first a 
content entry into multiple outgoing commands associated 
with second multiple content entries. Additionally, the data 
modulation logic may operate to merge multiple first incom 
ing commands associated with first content entries into a 
relatively smaller number of second commands associated 
with second content entries. 

0012. In some examples, the content routing system may 
further include data consolidation logic operable to identify 
potential duplicate content entries within a connected com 
munity of content nodes based on comparing a hash-value of 
the incoming command to a list of hash-values. In one 
example, the hash-value is determined from less than all of 
the incoming command or content, e.g., a predefined sig 
nificant property of the content entry. 
0013 In accordance with another aspect of the invention, 
there is provided a method of routing changes to information 
between a plurality of content nodes and a command 
memory, the method including receiving an incoming com 
mand from a first content node; storing the incoming com 
mand in a command memory associated with the first 
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content node; selecting a set of destination content nodes 
based on a content type of the incoming command and a 
routing parameter associated with the destination content 
node and the content type; and modulating the incoming 
command based on capabilities of the destination content 
node, wherein the modulating comprises targeting a specific 
field of the incoming command data structure with a data 
module operable to modify the data structure for generation 
of an outgoing command. 
0014. In accordance with another aspect of the invention, 
there is provided a computer program product comprising 
program code for use in a content routing system including 
processing logic and a command memory, the content rout 
ing system for routing changes to information between a 
plurality of content nodes and the command memory, the 
computer program product comprising program code for 
receiving an incoming command from a first content node: 
program code for selecting a set of destination content nodes 
based on a content type of the incoming command and a 
routing parameter associated with the destination content 
node and the content type; program code for modulating the 
incoming command based on capabilities of the destination 
content node, wherein the program code for modulating 
comprises data modulation logic operable to modify the data 
structure of the incoming command for generation of an 
outgoing command; and program code for generating the 
outgoing command. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 Various aspects and examples will be described, by 
way of example only, with reference to the drawings, in 
which: 

0016 FIGS. 1A and 1B show information distribution 
and synchronization systems. 
0017 FIG. 2 illustrates a content router coupled to mul 
tiple content nodes via a network according to embodiments 
of the present invention. 
0018 FIG.3 shows a path of propagating a change in one 
content node to a selected set of content nodes via a content 
router according to embodiments of the present invention. 
0.019 FIG. 4 shows a user's connected email accounts 
and includes an example screenshot according to embodi 
ments of the present invention. 
0020 FIGS. 5 and 6 illustrate the connections to and 
processing performed by store and forward logic according 
to embodiments of the present invention. 
0021 FIGS. 7A and 7B illustrate store and forward logic 
coupled to a repository according to embodiments of the 
present invention. 
0022 FIGS. 8A and 8B illustrate a process of stripping a 
separable segment of an exemplary email then requesting 
the stripped segment from a source of the email according to 
embodiments of the present invention. 
0023 FIGS. 9A to 9F illustrate various exemplary struc 
tures of store and forward logic and data paths between 
processing logic and content nodes according to embodi 
ments of the present invention. 
0024 FIGS. 10A to 10D show a PUT-GET-ACK proce 
dure from a point of view a content node and a content router 
according to embodiments of the present invention. 
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0025 FIG. 11 illustrates representation of a structure of a 
connected data set configuration according to embodiments 
of the present invention. 
0026 FIGS. 12A to 12E illustrate external and internal 
logic, which may be used to interface a content router to user 
devices and user accounts according to embodiments of the 
present invention. 
0027 FIGS. 13 and 14A to 14I show structures of various 
commands according to embodiments of the present inven 
tion. 

0028 FIGS. 15A to 15C illustrate sequence diagrams 
showing signaling between a user device and store and 
forward logic according to embodiments of the present 
invention. 

0029 FIGS. 16A to 16D illustrate sequence diagrams 
showing signaling between a user account and store and 
forward logic according to embodiments of the present 
invention. 

0030 FIGS. 17A-17C illustrate exemplary instructions 
according to one aspect of the present invention. 
0031 FIGS. 18A-18E illustrate exemplary data struc 
tures according to several aspects of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0032. In the following description, reference is made to 
the accompanying drawings which illustrate several 
embodiments of the present invention. It is understood that 
other embodiments may be utilized and mechanical, com 
positional, structural, electrical, and operational changes 
may be made without departing from the spirit and scope of 
the present disclosure. The following detailed description is 
not to be taken in a limiting sense, and the scope of the 
embodiments of the present invention is defined only by the 
claims of the issued patent. 
0033 Some portions of the detailed description which 
follows are presented in terms of procedures, steps, logic 
blocks, processing, and other symbolic representations of 
operations on data bits that can be performed on computer 
memory. A procedure, computer executed Step, logic block, 
process, etc., are here conceived to be a self-consistent 
sequence of steps or instructions leading to a desired result. 
The steps are those utilizing physical manipulations of 
physical quantities. These quantities can take the form of 
electrical, magnetic, or radio signals capable of being stored, 
transferred, combined, compared, and otherwise manipu 
lated in a computer system. These signals may be referred to 
at times as bits, values, elements, symbols, characters, terms, 
numbers, or the like. Each step may be performed by 
hardware, software, firmware, or combinations thereof. 
0034 FIG. 1A shows a routing system. A router 100 
includes a routing module 101 and a routing table 102 used 
to route packets 120. The router 100 uses both address 
information appended to the packet 120 and the routing table 
102 to determine which data sinks 140-1 to 140-3 will 
receive a forwarded copy of an incoming packet 120. The 
router 100 forwards the packet 120 as packets 130-1 to 
130-3. Known routers do not determine routing based on the 
type of content included in an incoming packet 120, but 
rather based on the address information appended to the 
packet 120. 
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0035 FIG. 1B shows a synchronization system including 
a PC 150 and multiple data holders 160. A data holder 160 
may be a hand held organizer connected to the PC 150 via 
a cradle. A user may change information, such as entering a 
new contact, into a first data holder 160-1. Periodically, the 
user connects the data holder 160 to the PC 150 and 
synchronizes each data holder 160 using a CPU 151 of the 
PC 150. The first data holder 160-1 exchanges data 170-1 
with the CPU 151. The CPU 151 saves any updated and new 
information as data 171. The PC 150 accumulates a persis 
tent copy 152 of data 171 synchronized through it. When a 
second data holder 160-2 synchronizes with the PC 150, the 
CPU 151 updates the second data holder 160-2 with the 
information saved from the first data holder 160-1. Even 
after both data holders 160-1 and 160-2 have been synchro 
nized, the synchronization system preserves a copy of the 
changed information as persistent copy 152 even though the 
changed information is no longer needed for synchroniza 
tion. Known synchronization systems keep a complete per 
sistent copy 152 of data synchronized through the synchro 
nization system. 
0036 FIG. 2 illustrates a content router 200 coupled to 
multiple content nodes 300-1 to 300-3 via a network 10 
according to embodiments of the present invention. The 
content router 200 facilitates synchronization of similar and 
dissimilar content nodes 300-1 to 300-3 attachable to the 
network 10. The content router 200 may be a single network 
component implemented in hardware and/or Software. Alter 
natively, the content router 200 may be a system of net 
worked components. The content router 200 uses commands 
400-1 to 400-3 sent across the network 10 to communicate 
information. The network 10 connects each content node 
300-1 to 300-3 with the content router 200 using commands 
400. The network 10 may be a conglomeration of disparate 
wired and/or wireless network Such as interconnected intra 
nets, the Internet and mobile radio networks. Alternatively, 
the network 10 may be a single network. Additionally, the 
content router 200 may bridge two or more separate net 
works. 

0037. A command 400-1 may be communicated within a 
message from a content node 300-1. The message may be 
encoded as a sequence of bits using a protocol available to 
the content node 300-1. A message may contain a segment 
of a command, in which case multiple messages may be 
aggregated to form a complete command. Alternatively, a 
message may contain multiple commands. In some proto 
cols used by a content node 300, one or more messages may 
represent one or more commands. The content router 200 
may translate between the message protocol used by a 
content node 300 and a command structure or protocol used 
internally in the content router 200. 
0038. From a content node 300, a user may use com 
mands to enter, store, access, update, modify, and/or delete 
content or metadata (i.e., information about content). Con 
tent may have one of various content types, such as contacts, 
calendar events, tasks, emails and/or library items. Further 
more, content may have a personal information management 
(PIM) content type, which may include a contact, calendar 
event or a task. A library item includes a media object Such 
as a photo image, an audio file, a video clip, a movie or a 
document, or may be a group of Such items such as album 
of photos or collection of home movies. Metadata includes 
information about Such content. 
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0039. A content node 300 may be a user's account on a 
server. Such a content node 300 may have access to content 
of a single content type. For example, a user account may be 
a personal email account on an email server (e.g., Yahoo! (R) 
Mail), a family photo album account on a photo server (e.g., 
Yahoo! (R) Photos), a PIM account on a PIM server (e.g., 
Yahoo! (R) Address book or Yahoo! (R) Notepad), or a music 
library account on a multimedia library server (e.g., 
Yahoo! (R) Music). Furthermore, a content node 300 may be 
a user account having access to two or more content types. 
For example, a user account may have access to email, PIM 
information, calendar information and a notepad, Such as 
with a Yahoo! (R) user account. 

0040. A content node 300 may be a user device. Such a 
user device may be a wired device, such as a home personal 
computer, an office PC, a digital camera or a set-top box, or 
may be a wireless device. Such as a mobile phone, a laptop, 
handheld PC, or a digital camera with wireless capabilities. 
Some devices may have both wired and wireless capabili 
ties, while other devices may have either wired or wireless 
capabilities. Some user devices may have access to a single 
content type. Other user devices have access to two or more 
content types. 

0041. A content node 300 may be a user device that 
organizes information, including PIM devices Such as a 
Blackberry(R) or a Treo(R), or more dedicated mobile phones 
that provide more limited information management services. 
Information management services may include, for 
example, PIM services such as calendar, address book, tasks, 
and notes. A calendar typically maintains time-related orga 
nizational attributes such as events (e.g., meetings, birth 
days, holidays) related to corresponding date and time 
ranges. An address book typically maintains organizational 
attributes related to a person (e.g., a legal “person’ such as 
a human or business entity, or even a pet), a place (e.g., the 
person’s address), or other contact information attributes 
(e.g., telephone numbers). 
0042 FIG. 3 shows a path of propagating a change in one 
content node 300-1 to a selected set of content nodes 300 via 
a content router 200 according to embodiments of the 
present invention. A set of content nodes 300 may include a 
null set of content nodes, a single content node, a Subset of 
one or more content nodes, or all content nodes. A content 
node 300 may act as a source of data (data source), a sink 
of data (data sink), or a combination of both. In this case, 
content node 300-1 acts as a data source while content nodes 
300-2, 300-3, 300-6 and 300-8 act as data sinks. A change 
to a content node 300-1 may represent one of a number of 
events including an addition, modification or deletion of 
content or metadata. 

0043. As shown, content node 300-1 acts as a source of 
content or metadata. The content node 300-1 may generate 
a command 400-1 including changed content, or a metadata 
indication of the change to content, which may be commu 
nicated to the content router 200. The content node 300-1 
may push the command 400-1 to the content router 200 or 
it may be polled by the content router 200 for the command 
400-1. 

0044) The content router 200 examines the contents of 
the command 400-1. Based on the contents of an incoming 
command 400-1, the content router 200 selects which of the 
possible content nodes 300-2 to 300-8 will be informed of 



US 2007/0028000 A1 

the change. In this example, the content router 200 selects 
content nodes 300-2, 300-3, 300-6 and 300-8, then trans 
forms the incoming command 400-1 into outgoing com 
mands 400-2, 400-3, 400-6 and 400-8 to distribute an 
indication of the change. The outgoing commands 400-2, 
400-3, 400-6 and 400-8 may or may not include the same 
contents as the incoming command 400-1. Additionally, the 
content router 200 does not keep a persistent copy of all 
content synchronized through it. 

0045. A content node 300-1 may be a user device (such 
as a PIM device) or a user account (such as a Yahoo! 
account) that contains one or more databases of content 
and/or metadata. For example, if the content node 300-1 
includes an address book, the change may be a new, modi 
fied, or deleted contact. If the content node 300-1 includes 
a calendar, the change may be a new, modified, or deleted 
event, such as an appointment. If the content node 300-1 
includes a task list, the change may be a new, modified, or 
deleted task. Similarly, if the content node 300-1 includes a 
note pad, the change may be a new, modified, or deleted 
note. The change may also be an addition, modification or 
deletion of a collection of information, such as a list of 
watched stocks, a list of bookmarked web pages, or a 
configuration of a home page. 
0046) If the content node 300-1 is an email account, the 
change may be that the email account has received new 
content, such as an incoming email message from the 
Internet, or has deleted content, such as deleting an existing 
email. The user may have updated metadata, Such as chang 
ing a message State from unread to read, marking a message 
as unread, or setting an importance level. Similarly, if the 
content node 300-1 is a mobile phone, the change may be 
that it received new content, Such as a new pager message 
or a new SMS message from a wireless network, or that the 
user has deleted content. Such as deleting a message. 
0047. Furthermore, if the content node 300-1 is a media 
library, the change may indicate that a user has added, 
modified or deleted a media object, such as a photo image, 
an audio file, a video clip, a movie or a document, or may 
be a group of Such items such as an album of photos or 
collection of home movies. For example, the change may 
indicate that a user has added a caption to a photo image, or 
has loaded a new song. Media objects are further described 
in related U.S. application Ser. No. 11/129,697, filed on May 
13, 2005 and titled MEDIA OBJECT ORGANIZATION 
ACROSS INFORMATION MANAGEMENT SERVICES 
by inventors Marco BOERRIES et al., and incorporated by 
reference herein. 

0.048. In describing a change, a content node 300-1 may 
send the actual new or modified content. In some embodi 
ments, a content node 300-1 may instead send metadata. 
Such metadata may include characteristics of the changed 
content, a transformed copy of the changed content, and/or 
a reference, such as hyperlink or address pointer, to the 
content in memory. Sending a reference instead of the actual 
content allows a receiving content node 300-2 to access 
content from a sending content node 300-1 without requiring 
the content itself to pass through the content router 200. 
0049. A content router 200 may facilitate routing email 
among several email-capable content nodes 300. Such as a 
user device or a user account. Email received at a user's first 
email account, e.g., a personal email account, may be 
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forwarded via the content router 200 to the user's second 
account, e.g., a work email account on a second content 
node. Similarly, email received at the user's second email 
account may be forwarded through the content router 200 to 
the user's first email account. The user may also add a third 
email account, e.g., a Yahoo! (R) email account, and configure 
the content router 200 to route email messages received 
from the Internet at the third account to the first and second 
acCOunts. 

0050 FIG. 4 shows a user's connected email accounts 
320-1 to 320-3, and includes an example screenshot 20 
according to embodiments of the present invention. Some 
content nodes 320. Such as an Outlook account, allow a user 
to set up multiple email boxes or folders. Shown are two 
email accounts 320-1 and 320-2 with a connected inbox and 
one email account 320-3 without a connected inbox. Con 
nected email accounts may report information to the content 
router 200 and may receive information from the content 
router 200. 

0051) For example, a content node (320-1, 320-2 or 
320-3) may report a new incoming email to the content 
router 200 in a command (31, 32 or 33, respectively). In 
response to each incoming command (31, 32 or 33), the 
content router 200 selects a set of destination content node 
(e.g., 320-1 and 320-2, respectively) and forms an outgoing 
command (34 and 35) destined for an inbox of each selected 
content node (320-1 and 320-2, respectively). 
0.052 The screenshot 20 from a user's personal email 
account 320-1 shows an inbox 21 for holding email mes 
sages received directly from the Internet without passing 
through the content router 200, and a connected inbox 22 for 
holding email messages received from the content router 
200. The connected inbox 22 contains emails merged from 
each of the user's connected email accounts 320-1 to 320-3. 
By viewing the connected inbox 22, a user may quickly see 
in one folder all email destined for the user's multiple 
connected email accounts. A connected inbox 22 may thus 
be viewed as a window to all emails sent to a user across the 
user's several connected email accounts. 

0053 A user may also configure an email account to 
include a separate folder or inbox for each content node 300 
that has email capabilities. Here, the screenshot 20 shows an 
inbox 23 for emails from a personal email content node 
320-1, an inbox 24 for email from a work email content node 
320-2, and an inbox 25 for email from a Yahoo!g email 
content node 320-3. Using separate folders allows a user to 
manage individual email accounts from one content node, 
for example, user account 320-1. 
0054 FIGS. 5 and 6 illustrate connections with and 
processing performed by store and forward logic 210 
according to embodiments of the present invention. The 
store and forward logic 210 allows multiple connected 
content nodes 300 to communicate changes to information 
on one content node 300 to other content nodes 300 through 
the content router 200 without requiring each content node 
300 to be simultaneously coupled to the content router 200. 
The store and forward logic 210 may be decoupled from 
content node specifics. That is, the store and forward logic 
210 may treat each content node similarly, regardless of 
whether a content node is a user device or a user account, or 
whether the content node operates as a client or as a server. 
Additionally, the store and forward logic 210 may move the 
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task of conflict detection away from the content nodes and 
centralize the task of conflict detection and resolution to 
within the store and forward logic 210. 
0.055 The store and forward logic 210 may be imple 
mented in hardware, executable code or a combination of 
both. The store and forward logic 210 may include VLSI 
and/or FPGA hardware. The store and forward logic 210 
may include a stand alone server or a network of servers. 
The store and forward logic 210 may be implemented with 
a general purpose central processing unit (CPU) or may be 
implemented with a reduced instruction set computer 
(RISC). The store and forward logic 210 may include 
on-chip or off-chip memory such as RAM, PROM, EPROM, 
EPROM and/or the like. The store and forward logic 210 
may also include magnetic memory, Such as a hard disk 
drive, and may include optical memory. The executable code 
may be derived from scripts, software, firmware and/or 
machine code. 

0056. The content router 200 of FIG. 5 includes store and 
forward logic 210 coupled to a connected data set configu 
ration 500, and a repository 600. The store and forward logic 
210 may be coupled to associated content nodes 300-1 to 
300-4. FIG. 6 shows a sequence of events triggered in the 
store and forward logic 210 by an incoming command 
beginning at 1000. Those actions include processing an 
incoming command at 1001, selecting outgoing content 
nodes at 1002, generating outgoing commands at 1003, 
processing outgoing commands at 1004, and sending the 
processed outgoing commands at 1005. Whether a com 
mand is an incoming or outgoing is viewed from the 
perspective of the store and forward logic 210. 
0057. At 1000, the sequence of events begins when a 
content node 300-1, having a change to report, sends a new 
command 400-1 to the store and forward logic 210. A 
content node 300-1 does not send the change (such as a 
command to add an included new email message) to other 
content nodes. Rather, the content node 300-1 sends the 
change to the store and forward logic 210, which may or 
may not create a set of outgoing command to send the new 
email message or parts of the new email message to a 
corresponding set of content nodes. 
0.058 At 1001, the store and forward logic 210 processes 
the incoming command 400-1 from the content node 300-1. 
Processing incoming commands 400-1 may include trans 
forming commands based on limitations or specialized capa 
bilities of the originating content node 300-1. When trans 
forming commands, the store and forward logic 210 may use 
the repository 600, which may hold one or more separable 
segments of a command, and the connected data set con 
figuration 500, which contains transforming rules used when 
processing a command. Transforming incoming and outgo 
ing commands is further described with reference to FIGS. 
7A, 7B, 8A and 8B. 
0059 Processing an incoming command 400-1 may also 
include detection and resolution of a conflict between the 
incoming command 400-1 and a command pending in the 
store and forward logic 210. The store and forward logic 210 
may hold multiple pending commands in memory waiting to 
be acted upon. A pending command may be a previously 
received and processed incoming command from a particu 
lar content node 300 that is waiting for further processing by 
the store and forward logic 210. Additionally, a pending 
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command may be a command generated by the store and 
forward logic 210 in response to an incoming command. 
These generated commands are waiting to be transmitted to 
a particular content node 300 as an outgoing command (e.g., 
400-2 or 400-4). 
0060 Conflict resolution may include discarding the new 
command 400-1, deleting a pending command, and/or 
aggregating of the new command 400-1 with a pending 
command. A conflict may arise if a new incoming command 
400-1 conflicts with a previously received incoming com 
mand pending execution. For example, a previously 
received incoming command may be a command to add a 
new email received from the Internet by the content node 
300-1. A subsequent incoming command may be to delete 
that same email, for example, if a user has deleted the email 
from its inbox on content node 300-1. If the command to add 
the new email is still pending in the store and forward logic 
210 when the subsequent command to delete the same email 
is received, a conflict exists. In this case, the conflict is 
resolved by discarding both commands. Alternatively, if the 
Subsequent incoming command was instead to add the same 
new email, the store and forward logic 210 detects the 
duplicate commands and resolves the conflict by discarding 
one of the duplicate commands. 

0061 A conflict may also arise if a new incoming com 
mand 400-1 conflicts with a command previously generated 
as an outgoing command for a particular content node 300. 
For example, the store and forward logic 210 may hold a 
pending outgoing command to update a contact in an 
address book. A new incoming command may be to delete 
that same contact altogether. The store and forward logic 
210 detects and resolves this conflict by removing the 
pending outgoing command (update-contact) and saving the 
new incoming command (delete-contact). The new incom 
ing command will eventually be processed and the delete 
contact action will be propagated as an outgoing command 
to other connected content nodes 300. 

0062) The store and forward logic 210 may also aggre 
gate an incoming command 400-1 with a pending command 
for a content node 300. For example, a previously received 
incoming command 400-1 may be to add a new task to a task 
list. A Subsequent incoming command 400-1 may be to 
modify this task in Some way. The store and forward logic 
210 detects and resolves this conflict by incorporating the 
modifications from the Subsequent incoming command 
(modify task) into the previous incoming command (add 
task). The resulting aggregated command may be an add of 
the modified task. The resulting aggregated command may 
replace the previous incoming command. Alternatively, the 
previous incoming command may be discarded and the 
resulting aggregated command may be saved as a new 
incoming command. Detection and resolution of conflicts 
are further described with reference to FIGS. 9A-9C and 
10A-10D. 

0063. At 1002, the store and forward logic 210 selects a 
set of outgoing content nodes, here content nodes 300-2 and 
300-4. When selecting outgoing content nodes, the store and 
forward logic 210 may again use the connected data set 
configuration 500, which also contains routing parameters 
used in routing rules. Routing rules and the connected data 
set configuration 500 are further described with reference to 
FIG 11. 
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0064. At 1003, the store and forward logic 210 generates 
an outgoing command 400-2 and 400-4 for each selected 
content node 300-2 and 300-4, respectively. Depending on 
capabilities and a configuration of the selected content node, 
the store and forward logic 210 may alter the processed 
incoming command to Suit the limitations or requirements of 
the selected destination content node. For example, depend 
ing upon limitations of a destination content node, the store 
and forward logic 210 may use a repository 600 to hold a 
separable segment of an incoming command 400-1 and 
either modify or eliminate that segment from the outgoing 
command. Conversely, the content router 200 may insert 
additional segments of information into an outgoing com 
mand. 

0065. The content router 200 may alter a command based 
on user defined rules, system defined rules, or known 
content node limitations. The content router 200 may modify 
a command based on information found within the incoming 
command 400-1. The content router 200 may append meta 
data, Such as location, time or other information accessible 
from a user's account or device, to the outgoing command. 
The content router 200 may hold a record of how a com 
mand is modified so that it may reverse the modification if 
a related command is returned. In some cases, the content 
router 200 passes a command through without modification. 
0066. At 1004, the store and forward logic 210 processes 
the outgoing commands. As with incoming commands at 
1001, the store and forward logic 210 similarly performs 
conflict detection and resolution between a new outgoing 
command and pending incoming and outgoing commands. 
0067. At 1005, the store and forward logic 210 sends the 
outgoing commands 400 to the respective content nodes 
300. Sending an outgoing command 400 may include sig 
nalling a notification to the content node 300. Unlike a 
request (in a request-response protocol), a notification is a 
signal where a sender does not expect a response or an 
acknowledgement that the notification was received. In this 
respect, a notification is self contained in that it is complete 
once sent. Additionally, a notification may be implemented 
in Software (e.g., a semaphore, flag or Software signal 
instruction) and/or hardware (e.g., a hardware line or a 
register). The notification may include a content type of the 
outgoing command 400. If the content node is connected to 
the network 10 with an IP address, the store and forward 
logic 210 may sendan HTTP command to notify the content 
node that an outgoing command is pending. If the content 
node is a mobile phone having SMS capabilities, the store 
and forward logic 210 may send a notification via an SMS 
message. 

0068 A content node 300-1 may send content having one 
or more segments in a command 400-1. To minimize the 
amount of data flowing out of the content router 200, the 
store and forward logic 210 may replace one or more 
segments of a command with a corresponding one or more 
references that provide a link back to the original content 
rather than forwarding the original segments themselves. 
Alternatively, the content node 300-1 may include one or 
more references to a source of the content rather than 
including the content itself. 
0069. A content node 300-4 receiving the reference to 
content (e.g., a reference to a new photo residing on content 
node 300-1) may instigate a peer-to-peer transfer 450 to 
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retrieve the content from content node 300-1. In this manner, 
the content router 200 may facilitate a transfer of content 
between two content nodes in the form of a peer-to-peer 
transfer 450 while both content nodes are simultaneously 
connected to the network 10. 

0070 Due to limitations or requirements of a content 
node, the store and forward logic 210 may adapt the com 
mand by modifying, replacing or eliminating a separable 
segment of the command before sending it to a content node. 
For example, Some content nodes may be unable to process, 
use or store some segments of a command. In some embodi 
ments, the store and forward logic 210 may accommodate 
these content nodes that have limited capabilities using one 
of three methods described below, some of which use a 
repository. The store and forward logic 210 may also uses 
these methods for other reasons, such as memory limitations 
in a content node or bandwidth restrictions between the store 
and forward logic 210 and the content node, even though the 
content node is capable of handling the entire incoming 
command. 

0071. In some cases, the content router 200 is configured 
to poll a content node 300 for new commands. A content 
router 200 may periodically poll a content node 300 to 
determine whether any changes have occurred. The period 
of polling may be based on the type or expected cost of a 
connection to the network. For example, if a content node 
300 is a mobile phone connected to the network via an SMS 
connection, polling may take place every 24 hours. If the 
mobile phone connected to the network via a GPRS data 
network connection, polling may occur every 20 minutes. If 
the mobile phone is placed in a docking station with a wired 
connection to the Internet, polling may occur every few 
seconds to every few minutes. 
0072. In some cases, notifications from the store and 
forward logic 210 to a content node 300 may be blocked 
because the content node 300 is behind a firewall. To receive 
commands, the content node 300 may be configured to poll 
the content router 200. When the content node 300 polls for 
pending outgoing commands 400, the store and forward 
logic 210 may reply with one command or a batch of 
commands for the content node 300 to process. The structure 
of commands 400 is further described with reference to 
FIGS. 13 and 14A-14I. The notification and exchange of 
commands between the store and forward logic 210 is 
further described with reference to FIGS. 15A-15C and 
16A-16D. 

0073. According to a first method, the store and forward 
logic 210 may accommodate a limited capability content 
node by Stripping incompatible or undesired segments from 
the payload and save the stripped segments in a repository 
600. Thus, the repository 600 may hold segments of com 
mands, which will be available for future use. If those 
segments are later needed, the store and forward logic 210 
may access them from the repository 600. This method is 
described below with reference to FIGS. 7A and 7B. 

0074 FIGS. 7A and 7B illustrate store and forward logic 
210 coupled to a repository 600 according to embodiments 
of the present invention. Due to limitations or requirements 
of a content node 300, the store and forward logic 210 may 
adapt the command by eliminating a segment of the com 
mand before sending it to the content node 300. Before 
adapting the command, the store and forward logic 210 may 
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preserve a copy of the unmodified segment or the entire 
command in the repository 600. Thus, the repository 600 
may hold one or more segments of commands, which will be 
available for future use. In accordance with other embodi 
ments, a segment may also be available to remove segments, 
Such as a file in an email, from a command. For example, a 
file may be removed for an incoming command as described 
below with reference to FIG. 8A. Alternatively, a file may be 
removed for an incoming command as described below with 
reference to a file relay server and FIG. 12E. 
0075 FIG. 7A shows store and forward logic 210 using 
a repository 600 to hold a separable segment of an incoming 
command 400-1 from a first content node 300-1. When 
commands contain content that is separable and distinct, the 
separable content may be parsed away from the command or 
piecewise modified. For example, a contact may include a 
full name (first segment 401), a home phone number (second 
segment 402) and a work phone number (third segment 
403). Each of these segments may be separable and distinct. 
That is, one or more of these segments may be removed 
and/or modified and/or combined, thereby forming a modi 
fied command. For example, if a particular content node, 
Such as a mobile phone, has a limitation that it can only 
handle a single phone number, the store and forward logic 
210 may remove the work phone number (third) from an 
incoming command when preparing the corresponding out 
going command. The store and forward logic 210 may also 
place the work phone number in a repository 600 for future 
SC. 

0076. As another example, an incoming command may 
include content such as a new email message having an 
email body and an attached file. The attached file is sepa 
rable and distinct from the email body. The store and 
forward logic 210 may generate an outgoing command 
400-2 to add the new email to a second content node 300-2. 
The outgoing command 400-2 to the second content node 
300-2 may include the email body but only a reference to the 
file. 

0.077 As shown, an incoming command 400-1 is for 
warded in part as an abridged outgoing command 400-2 to 
a second content node 300-2. The incoming command 400-1 
includes an exemplary payload 441 containing three seg 
ments of content and/or metadata 401, 402 and 403. The 
store and forward logic 210 stores a copy of the third 
segment 403 in the repository 600 and also prepares an 
outgoing command 400-2 with a payload 451 containing the 
first segment 401 and the second segment 402, but leaving 
off the third segment 403. The content router 200 may leave 
off the third segment 403, for example, due to a limitation of 
the destination content node 300-2. Such a limitation may 
include the content node 300-2 having a limited amount of 
allocated Storage capacity, or a general transforming rule 
that removes all attachments that are in a predetermined 
format. 

0078. As another example, a user may add a new contact 
to a content node 300-1. The content node 300-1 sends an 
add contact command 440 containing a payload 441, which 
represents the contact created at the content node 300-1. The 
payload 441 may contain three segments 401 to 403 of 
information. The first segment 401 may be a structure 
holding a first and last name. The second segment 402 may 
be a phone number. The third segment 403 may be a 
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hyperlink to a webpage. If a destination content node 300-2 
is incapable of receiving a hyperlink, then the store and 
forward logic 210 may strip off the third segment 403 
containing the hyperlink. Therefore, the payload 451 sent 
from the store and forward logic 210 may be different from 
the payload 441 received by the store and forward logic 210. 
The store and forward logic 210 stores the third segment 403 
in the repository 600 for possible future use. For example, 
the store and forward logic 210 may access the repository 
600 after a user changes a segment of the payload 451 and 
before the store and forward logic 210 forwards the change 
to the first content node 300-1, as discussed below. 
0079 FIG. 7B shows store and forward logic 210 access 
ing segments from the repository 600 in response to an 
incoming command 400-2A, which contains the original 
first segment 401 and the updated second segment 402A, 
from the second content node 300-2. The second segment 
402 may have been updated as the result of a user modifying 
the segment, Such as an email attachment, at content node 
300-2. When the store and forward logic 210 processes the 
incoming command 400-2A from content node 300-2, it 
determines whether any segments previously associated 
with payload 451 and now associated with payload 451A are 
held in the repository 600. The store and forward logic 210 
determines that the third segment 403 was previously asso 
ciated with payload 451, and merges the third segment 403 
from the repository 600 with the payload 451A containing 
the original first segment 401 and an updated second seg 
ment 402A to create a full data structure. If content node 
300-1 is configured to process the content held in each 
segment 401 to 403, the store and forward logic 210 
prepares a payload 441A containing the first segment 401, 
the updated second segment 402A, and the reattached third 
segment 403. 

0080 According to a second method, the store and for 
ward logic 210 may accommodate a limited capability 
content node 300-2 by modifying an incompatible or undes 
ired segment from the payload 441. The store and forward 
logic 210 may save this segment in the repository 600 if it 
may be needed in the future. This second method is similar 
to the first method except that, in the second method, the 
segment stripped in the first method is instead modified and 
sent to the content node. If in the future, the limited 
capability content node returns the modified segment in a 
command, the store and forward logic 210 may replace this 
returned segment with the original segment from the reposi 
tory 600 before the store and forward logic 210 forwards the 
command to other content nodes. 

0081 For example, if a command 400-1 arrives from the 
first content node 300-1 including a first name string and a 
second name string, but the second content node 300-2 is 
only able to handle a single-string name, the store and 
forward logic 210 may replace the two string structure with 
a single String structure containing a concatenated first and 
last name in the single string structure. The store and 
forward logic 210 may store the structure including the first 
name string and the second name string in the repository 
600. If that content is later sent (either in a modified or 
unmodified form) from the second content node 300-2 and 
a destination content node can handle two-string names, the 
store and forward logic 210 may replace the concatenated 
string in the incoming command from the second content 
node 300-2 with the copy of the two string structure from the 
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repository 600. In this way, missing content from one 
limited-ability content node 300-2 may be restored before it 
is forwarded to other content nodes. 

0082 Instead of using the repository 600 to preserve an 
original segment of content that was stripped or modified, 
store and forward logic 210 may retrieve the original seg 
ment from its source content node or from storage refer 
enced by the Source content node. 
0083. In one example, the content router 200 includes a 
data modulation component operable to manipulate or 
modify content and/or metadata of a payload, e.g., segments 
401, 402, 403 as shown and described with respect to FIGS. 
7A and 7B. The data modulation component may include 
logic within store and forward logic 210 of the content router 
200 (see, e.g., FIG. 5). The data modulation component may 
comprise data modulation logic including one or more data 
modules operable to target data within a data structure of the 
payload (e.g., which may be structured as an eXtensible 
Markup Language (XML)-tree data structure schema) and 
perform actions on portions of the data (e.g., modifying/ 
deleting one or more segments 401, 402, 403) to carry out 
various functions described herein. In one example, multiple 
data modules for targeting and acting on data within the data 
structure of the payloads are configured to carry out various 
modulations for routing to one or more content nodes, e.g., 
300-1, 300-2, and so on. 

0084. In one illustrative example, payloads (e.g., 441A, 
451A) associated with incoming and outgoing commands 
are structured as XML data structures. XML data structures 
are well known in the art and generally comprise data tree 
structures, wherein a Sub-tree and/or single data value may 
be targeted for action. Various data modules may be imple 
mented to act on specific data values or fields of the data as 
it is routed through the system, e.g., through the content 
router 200. For example, the processing logic 250 may 
include one or more data modules operable alone or in 
combination to modify certain content or metadata for 
specific content nodes or devices. An illustrative example 
includes a data module operable to modify content/metadata 
for a PIM device or other device having different or reduced 
capabilities relative to other content nodes (300-1, 300-2, 
etc.). Such as a user account. One or more data modulation 
components may be used by the content router 200 to adapt 
and route content to various content nodes having disparate 
capabilities. 

0085. The data modulation component may include one 
or more data modules, each having a path and target within 
the XML-tree structure of the payload (i.e., including con 
tent and/or metadata). Multiple data modules may be com 
bined to carry out various actions on one or more segments 
of the payload as they are routed to different content nodes. 
For example, a contact entry may include an address includ 
ing separate data values for street address, city, and country. 
A first module may be operable to remove or delete the 
country information from the contact entry and a second 
module may be operable to modify the street address to a 
maximum of 20 characters. The modulation may be per 
formed to “fit the content and metadata to a particular 
content node, e.g., a mobile device or the like. Thus, a data 
change (e.g., a command) sent from content router 200 to a 
content node (e.g., a device) is modified by the processing 
logic 250 to fit the receiving content node; as such, the data 
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is manipulated as needed for the particular content node or 
device. Further, in one example, data sent from the device to 
the server fulfils payload-requirements because the data is 
redistributed to other content nodes/devices (i.e., the content 
entry is returned to its original state) by the content router as 
described herein. Accordingly, data may be modified when 
sending or receiving data from content nodes/devices with 
out losing any portion of the payload content. 

0086 As described herein for this example, the payload 
data (e.g., segments 401, 402, 403) is structured and repre 
sented in an XML-schema (which is generally an XML-tree 
data structure). Before and after manipulating the XML-tree 
structure, the payload is represented based on the same 
payload schema. Each node (tag/attribute) in the XML-tree 
structure is handled by an instruction (referred to as a 
“NodeInstruction'). Further, an instruction for a node may 
delegate handling of child nodes to child instructions. Addi 
tionally, in one example, NodeInstructions process the pay 
load as an XML-tree structure using JAVAR)-classes, where 
each NodeInstruction is represented by one instance of a 
JAVAR)-class. 

0087. The data modulation logic targets the tailoring of 
content (removing portions of the content) not only in the 
payload to be sent to the device, but also in a shadow 
payload, which is stored with the server, e.g., the repository 
600 of content router 200. This Shadow-payload, together 
with the incoming payload, may be used to join and restore 
the payload before any further content router processing is 
applied. The shadow-payload itself is organized in the same 
node-structure as the original payload to ensure that each 
NodeInstruction gets/puts the information needed. In one 
example, to meet the different needs of NodeInstructions 
that may be implemented, the shadow-payload is organized 
into two XML-trees-one to store/read device-side-informa 
tion and one to store/read content router-side-information 
during tailoring/joining processes. 

0088 Accordingly, various modules operable to perform 
various tasks may be set-up as a set of tools usable to 
perform various data modulations as content and changes to 
content are routed through the content router. In one 
example, a content router (Such as content router 200) may 
include various default data modules for the handling of 
payloads, where new data modules or modifications to 
existing data modules may be generated as new content 
nodes are added or removed from the system. The exem 
plary framework for adding modules in an XML schema, for 
example, is particularly flexible and adaptable to various 
content nodes/devices that might be associated with the 
content router and community of connected content nodes. 
Additionally, data modulation within an XML schema may 
quickly adapt to new content nodes and content require 
mentS. 

0089 NodeInstructions generally include SingleNodeIn 
structions and MultiNodeInstructions. SingleNodeInstruc 
tions handle a single node of the XML-tree structure and its 
value only, whereas MultiNodeInstructions handle a subset 
of a node's child nodes as a unit. SingleNodeInstructions 
may be implemented in a variety of different implementa 
tions to modulate node values. MultiNodeInstructions may 
be generally divided into 3 subtypes: i) GenericMultiNo 
denstruction, which is the root instruction and allows 
generically adopting specialized instructions for each child 
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node, ii) Uniform MultiNodeInstruction, which handles 
unique named child nodes, and iii) MultiNodeInstruction, 
which handles two or more targeted child nodes with spe 
cialized processes. 
0090. In one example, the data modulation starts with a 
GenericMultiNodeInstruction. Various examples of Gener 
icMultiNodeInstructions are illustrated in FIG. 17A. Fur 
ther, examples of SingleNodeInstructions, which may be 
used for manipulating values of a single node without Sub 
nodes, are shown in FIG. 17B. Further, Uniform MultiNo 
denstructions, which may be used for manipulating a single 
node (without value) containing many uniform (named) 
child nodes, are illustrated in FIG. 17C. 
0.091 Various aspects of exemplary Data Modulation 
structures (continuing with the example of the XML 
schema) are illustrated generally in FIGS. 18A-E. In par 
ticular, an exemplary Root tag is illustrated in FIG. 18A: 
exemplary list nodes to be handled by specialized instruc 
tions is illustrated in FIG. 18B; and an exemplary handling 
of a single node by cutting the string is illustrated in FIG. 
18C. Further, an exemplary handling of a multi node with 
min mapping is illustrated in FIG. 18D, and an exemplary 
handling of a multi node with 1:1 identification is illustrated 
in FIG. 18E. Those of skill in the art will recognize that these 
examples are illustrative only and that various other 
examples are possible, whether within an XML schema or 
otherwise. 

0092 According to another example, the content router 
includes a data modulation component operable to divide or 
split (and therefore referred to as a “splitter component) 
certain content in a bidirectional manner. The splitter com 
ponent may be part of or a feature of the data modulation 
features described and include logic operable to carry out the 
functions described herein. Further, the logic operable to 
carry out the splitter component functions may be stored in 
the store and forward logic 210 and processing logic 250 of 
content router 200 (see, e.g., FIG. 5). 
0093. Typically, when routing changes to content (e.g., 
add/update of contacts, events, etc.) from and to weaker 
content nodes (i.e., having reduced or fewer capabilities for 
handling data), Some content nodes may not be capable of or 
desirable for handling the content change itself, but can 
handle “n” separate data changes (generally of a more 
simple nature) derived from the original single data change. 
For example, a recurrence rule in an events application 
stored as a single record on a first content node may be 
“split' into “n” number of single events on a second content 
node; a contact entry having multiple phone numbers on a 
first content node may be split into “n” number of contacts 
with one phone number each on a second content node; and 
the like. As will be described, the splitter component man 
ages data changes from and to weaker devices without a loss 
of information by processing a single data change as mul 
tiple data changes according to content node capabilities. 
0094. In one example, the splitter component splits or 
divides a change to a data record to a relatively weak content 
node (e.g., a remote device), referred to as the “Splitting 
direction. In particular, the splitter component determines 
the content node capabilities or preferences and splits, if 
necessary, one data change (from a content node via the 
content router) to “n” data changes to effectuate the data 
change. An illustrative example includes a change to a 
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recurring event, such as the time of a weekly meeting. Some 
content nodes may be able to store the event as a single 
record with a recurring attribute. Some content nodes, 
however, may not have the capability for recurring events 
and must store individual records for each event. Thus, a 
change to the recurring event at a first content node is split 
or divided into two or more data changes to effect the change 
to multiple event entries with the less capable, weaker 
content node. 

0095 For example, a recurrence event may be stored on 
a first content node, Such as a PIM application server, as: 

Title Meeting with Sue 
Time 10–11 am 
Start Date Friday 10 Jun. 2005 
Recurrence Type Monthly 
End Date Saturday, 31 Dec. 2005 

0096. The recurrence event may be stored (and routed) on 
a second content node, which may be a less capable, weaker 
device, as two or more single event entries, the first entry as 
follows: 

Title Meeting with Sue 
Date 10 Sep. 2005 
Time 10–11 am 

0097. Additionally, the second entry may be stored with 
the content node as follows: 

Title Meeting with Sue 
Date 10 Oct. 2005 
Time 10–11 am 

0098. The single events in the device match those in the 
PIM application backend because the Title and Time are the 
same and they match the recurrence details specified in the 
PIM application program (i.e., they occur on the 10" of each 
month). A change to the recurrence event on the first content 
node or a change to the single event entries on the second 
content node may be routed by the content router to change 
the corresponding entries and preserve the recurrence aspect 
of the events. In particular, the single event entries and 
recurrence event entry may be split or merged depending on 
the direction and content capabilities, thereby improving the 
ability to synchronize all connected content nodes in the 
community despite disparate capabilities of the various 
content nodes. 

0099 Another illustrative example includes a contact 
having multiple phone numbers. For example, “Joe Smith' 
may include three phone numbers associated therewith. A 
particular content node or device may be capable of storing 
only one phone number per contact. Accordingly, the splitter 
component may operate to divide the contact entry of “Joe 
Smith' into two or more separate data entries for storage 
with the device, in this example, into three entries for “Joe 
Smith' having one phone number for each. 
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0100. The splitter component is also operable to perform 
“Integration of the record in a direction from the device to 
the server or other content nodes, referred to as the “Inte 
gration' direction. In particular, an incoming device data 
change related to a former data change will result in a 
corresponding (server) data change. For example: a phone 
number may be reintegrated into a full content entry; move 
of a single event results in reintegrated into full recurrence 
as an exceptional event; and the like. 

0101 During initial import of data from a content node, 
Such as a device, data is aggregated to a lesser count of data 
with the server. In one example, “n” data records are 
aggregated to one data record when possible. The content 
router further stores (e.g., in repository 600 or other memory 
associated therewith) this information from "Aggregation” 
processes for subsequent “Splitting and “Integration' pro 
CCSSCS. 

0102) According to a third method, shown generally with 
reference to FIGS. 8A and 8B, segments are not saved to a 
repository. The store and forward logic 210 may accommo 
date a limited capability content node by Stripping or modi 
fying an incompatible or undesired segment from the com 
mand payload. However, with this method, a copy of the 
stripped or modified segment is not preserved in a reposi 
tory. If those segments are needed later, the store and 
forward logic 210 may request and receive the segment from 
the source of the original incoming command. 

0103 FIG. 8A illustrates a process of stripping a segment 
of an exemplary email according to embodiments of the 
present invention. An incoming email 900 arrives at a first 
content node 300-1 from the Internet over an SMTP con 
nection. The email 900 includes a payload 901, which 
contains an incoming email header and body 401 containing 
information Such as date and time and to, from and reply 
email addresses as well as the text entered by the sender. The 
payload 901 also includes an image file attachment 402. 
such as a JPEG file, and a presentation file attachment 403 
Such as a PowerPoint presentation. An application running 
on the content node 300-1 may convert the attachments 402 
and 403 to links 402A and 403A, which allow a capable 
content node to access the attachments through the hyper 
links to the attachments. The content node 300-1 may then 
create one or more messages 910, according to an email 
protocol such as IMAP, forming a payload 911 including the 
incoming email header and body 401, the link to the image 
file 402A, and the link to the presentation file attachment 
403A. The content node 300-1 sends the messages 910 to 
protocol interface logic 260 within the content router 200. 

0104. The protocol interface logic 260 converts the one 
or more messages 910 into a command 420 containing a 
payload 421 including the incoming email header and body 
401, the link to the image file 402A, and the link to the 
presentation file attachment 403A extracted from payload 
911. The protocol interface logic 260 allows for content 
nodes that use different protocols to function with the 
content router 200. The store and forward logic 210 receives 
the incoming command 420 from the protocol interface 
logic 260 and prepares an outgoing command 430 for 
content node 300-2. In this example, the content node 300-2 
is unable to a process presentation file attachment 403 or its 
link 402A. For this content node 300-2, the store and 
forward logic 210 is configured to strip off any links to a 
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presentation file attachment 403A. The store and forward 
logic 210 prepares the outgoing command 430 including a 
payload 431 containing the incoming email header and body 
401 and the link to the image file 402A, but not the link to 
the presentation file attachment 403A. In this case, the store 
and forward logic 210 does not preserve a copy of the link 
403A in a repository 600 for later use. 
0105. After the content router 200 has forwarded a 
stripped email to content node 300-2, a user at content node 
300-2 may forward the email to an external Internet address. 
When protocol interface logic 260 receives the forwarded 
email, it may determine that the email is missing one or more 
segments contained in the original email. The protocol 
interface logic 260 may request the missing segments from 
an inbox at content node 300-1 containing the complete 
email. After receiving the original segments, the protocol 
interface logic 260 may restore the segments to the for 
warded email. Next, the protocol interface logic 260 may 
use an email server associated with inbox at content node 
300-1 to forward the email to the external Internet address. 

0106 FIG. 8B illustrates a process of restoring a stripped 
segment to an email if a user later forwards the email 
according to embodiments of the present invention. A user 
may forward an email previously received at content node 
300-2. For example, the content node 300-2 sends a com 
mand 440 containing a payload 441 including a newly 
created outgoing email header and body 401B, the original 
incoming email header and body 401, and the link to the 
image file 402A. This incoming command 440 includes 
neither the presentation file attachment 403 nor its link 
403A. In response to receiving the incoming command 440, 
the store and forward logic 210 generates an outgoing 
command 450 including a payload 451 containing the seg 
ments from payload 441. 
0.107 The protocol interface logic 260 receives command 
450 and detects that it is a forwarded email. The protocol 
interface logic 260 may attempt to restore the stripped 
segments by requesting the unabridged email from the first 
content node 300-1. Alternatively, the protocol interface 
logic 260 may request just the stripped segments 402 and 
403. In response, the first content node 300-1 sends the 
protocol interface logic 260 the stripped segments, for 
example, in one or more IMAP messages 960, forming a 
payload 961 that includes the image file attachment 402 and 
the presentation file attachment 403. 
0108. The protocol interface logic 260 prepares an email 
containing a payload 971 including the outgoing email 
header and body 401B, the incoming email header and body 
401, the original image file attachment 402, and the original 
presentation file attachment 403. The protocol interface 
logic 260 may forward the email to an email server 300-1A 
associated with content node 300-1, for example, in an 
SMTP message 970 including payload 971. 
0109) The email server 300-1A responds to the SMTP 
message 970 with an outgoing email 980 to the external 
Internet address. The outgoing email 980 contains each of 
restored segments of the incoming email that were previ 
ously stripped off or modified by the protocol interface logic 
260. The outgoing email 980 also contains the outgoing 
email header and body 401B created at content node 300-2. 
As a result, the outgoing email may appear that it was 
forwarded from an email containing the original attachments 
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402 and 403 even though the content node 300-2 from where 
the user forwarded the email had limited capabilities and 
received neither attachment. 

0110. A repository 600 may also be used for keeping an 
inventory of information routed among connected content 
nodes. Alternatively, the inventory may be kept in separate 
memory. The inventory may include characteristics of con 
tent and/or characteristics of metadata of one or more 
content types routed to and from the content router. The 
inventory may be used for Summarizing characteristics of 
routed content residing on one or more of the connected 
content nodes 300. The inventory may be used to preview an 
item count. For example, if one or more routing parameters 
are changed for a particular content node 300, the content 
router 200 may estimate or determine the number of addi 
tional items of a particular content type would need to be 
fetched from one or more other content nodes 300 to place 
the particular content node 300 in line with the updated 
routing parameters. The characteristics may be used to 
compute a Summary number of a content type residing on a 
content node falling within a condition based on the char 
acteristics in the inventory. The entries in the inventory may 
be counted to Summarize a number of a particular content 
type reside on a content node. In some embodiments, the 
inventory may be used during conflict checking to identify 
duplicate commands. 
0111 For an email content type, the content router may 
collect information in an inventory from each email message 
routed through the content router 200 and residing on a 
content node. For example, for each command to add a new 
email message, the content router 200 may save character 
istics of the email Such as the existence of the email and a 
date the email was received by the content node. The entries 
in the inventory may be counted to Summarize a number of 
email messages residing on a content node. The date of each 
email may be used to Summarize a number of email mes 
sages residing on a content node falling within a specified 
date range based on a date characteristic in the inventory for 
a plurality of email messages routed through the content 
router. If a user wishes to see a number of email messages 
that a content node would contain if the user changed a 
routing parameter, such as the number of days an email 
should reside on a content node, the content router 200 may 
compute the number of emails in an inventory that fall 
within a particular date range. 
0112 The inventory may also be used by a scheduler on 
the content router 200 to remove email messages from a 
content node 300 previously routed through the content 
router 200 to the content node 300. A scheduler on the 
content router 200 may periodically compare dates in the 
inventory of email messages previously routed through the 
content router 200. For example, the schedule may compare 
these dates to a routing parameter indicating a number of 
days a user as elected to maintain routed emails on the 
content node. The routing parameter may be to keep emails 
from the last three days on a user device. Such as a mobile 
phone. New email messages may be forwarded to the user 
device as they arrive to the content router 200 and an 
inventory kept of each new email. As emails are deleted by 
actions of a user at one or more content nodes, the content 
nodes sends email deletion commands to the content router 
and the inventory may be updated accordingly. The sched 
uler may periodically (e.g., nightly) compare the dates of 
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emails in the inventory to the routing parameter indicating 
that emails should only be kept on the user device for the 
certain number of days. If the inventory indicates that the 
user device contains email older that the routing parameter 
permits, the scheduler on the content router may generate a 
command to delete each email on the user device that is 
older than allowed by the routing parameter. For example, 
the routing parameter may indicate keeping a two day 
history of emails on the user device. Each night the sched 
uler may store a command to delete emails from the user 
device that are older than two days. Additionally, the inven 
tory may be used to indicate to a user a number of emails that 
would need to be removed from or added to a content node 
if a routing parameter where changed. For example, if a 
routing parameter for a content node currently indicated 
keeping two days of emails were changed to keeping one 
day of email, the content router 200 may determine from the 
inventory data associated with the content node that a 
particular number of email messages would need to be 
deleted from the content node. Similarly, if the routing 
parameter were changed from two days to three days for a 
particular content node 300, the content node 200 may 
determine, from inventory data related to the particular 
content node 300 and to another related content node, the 
number of email messages that would need to be routed from 
the related content node to the particular content node. 

0113 Similarly, the inventory may be used by the content 
router to limit a number of one or more content types on a 
content node. The content router may send delete commands 
corresponding to each add command of a content type 
wherein the content node already holds a predetermined 
number of content of a type. Alternatively, a scheduler may 
be used to periodically determine if a content node has a 
number of content items in excess of predetermined thresh 
old number for each content type. The predetermined thresh 
old number may be configured by the user or alternatively 
may be a default value for the content node type. For 
example, if a content node, such as a mobile phone, may 
have 500 or more email messages. A content node, Such has 
a user account may have a larger predetermined threshold 
number, such has 5000. For each new email message added 
to the content node, the content router may send a corre 
sponding delete command to remove the oldest email mes 
sage from the content node. Alternatively, a scheduler may 
periodically determine if a content node has more that a 
predetermined number of items of a particular content type 
and then send one or more delete commands to remove 
outdated content. For example, a predetermined number 
may be 500, which may indicate that a particular user device 
may have up to 500 emails. If the content router determines 
that the user device has more than 500 emails, it may send 
a number of delete commands to remove email messages in 
excess of 500. In some embodiments, the content router 
sends delete commands to remove the oldest emails mes 
sages in excess of the predetermined threshold number. 
When provisioning a content node, the inventory may be 
used to request the most recent 500 emails from other 
content nodes for forwarding to the provisioned content 
node. As new emails arrive, they may be added to the 
content node until a predetermined limit, such as 5000, is 
reached. Once the limit is reached, the content router may 
issue delete commands to remove the oldest email messages 
from the content node. 
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0114 Similarly for events, the content node may have a 
predetermined threshold number for a maximum number of 
events on a content node. For each new event added to the 
content node, the content router may send a delete command 
to remove the oldest event if the predetermined threshold 
number would otherwise be exceeded. Alternatively, the 
content router may periodically review the inventory to 
determine a number of event-content types exist on a content 
node. It may then send one or more delete commands to 
delete the oldest events from the content node. 

0115 Similarly for tasks, the content node may have a 
predetermined threshold number for a maximum number of 
tasks on a content node. For each new task added to the 
content node, the content router may send a delete command 
to remove the oldest task if the predetermined threshold 
number would otherwise be exceeded. Alternatively, the 
content router may periodically review the inventory to 
determine a number of task-content types exist on a content 
node. The content router may then send one or more delete 
commands to delete the oldest tasks from the content node. 
Alternatively, the content router may then send one or more 
delete commands to delete completed tasks until the prede 
termined threshold number is not exceeded. 

0116. Additionally, the content router 200 may calculate 
and save a checksum of the new email. The checksum may 
be used when determining if a command to add a new email 
duplicates a command in the command memory or a com 
mand previously passed through the content router. 
0117 FIGS. 9A to 9C show a structure of a store and 
forward logic 210 and data path between processing logic 
250 and content nodes 300-1 to 300-n according to embodi 
ments of the present invention. 
0118 FIG. 9A shows store and forward logic 210 having 
a command memory 220 and processing logic 250. The 
processing logic 250 is coupled to a connected data set 
configuration 500 and to the command memory 220. The 
command memory 220 is also shown coupled to content 
nodes 300-1 to 300-n. The command memory 220 may be 
configured to include both incoming memory 230 and 
outgoing memory 240 for each content node 300. A content 
node 300 may push (put) one or more commands to the 
incoming memory 230. A content node 300 may also pull 
(get) one or more commands from the outgoing memory 
240. 

0119) Those skilled in the art will recognize that the 
incoming memory 230 and outgoing memory may be 
formed using a database. For example, command memory 
220 may be configured in a database containing commands. 
Each command in the database may be associated with 
attributes. For example, an attribute associated with a com 
mand in the database may identify the command as an 
incoming command or an outgoing command for a particu 
lar content node 300. 

0120 FIG. 9B shows a structure of the command 
memory in the store and forward logic 210 for a single 
content node 300 according to embodiments of the present 
invention. The command memory 220 includes incoming 
memory 230 and outgoing memory 240. 
0121. In some embodiments, the incoming memory 230 
includes an incoming queue 231 and a corresponding in 
transit queue 232. The incoming queue 231 holds incoming 
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commands received by the store and forward logic 210 from 
a content node 300 but have not been responded to by the 
processing logic 250. The corresponding incoming in-transit 
queue 232 holds incoming commands that the processing 
logic 250 is in the process of responding to. Once an 
incoming command has been successfully responded to by 
the processing logic 250, processing logic 250 may discard 
the incoming command from the in-transit queue 232. If the 
processing logic 250 was unsuccessful at processing an 
incoming command, for example, if a necessary resource is 
unavailable, the processing logic 250 may move the incom 
ing command from the in-transit queue 232 back to the 
incoming queue 231. 

0122) In some embodiments, the outgoing memory 240 
includes an outgoing queue 241 and a corresponding in 
transit queue 242. The outgoing queue 241 holds outgoing 
commands generated by the processing logic 250 (in 
response to an incoming command) but the processing logic 
250 has not initiated sending of the outgoing command to 
the content node 300. The corresponding outgoing in-transit 
queue 242 holds outgoing commands that the processing 
logic 250 has initiated sending to the content node 300 but 
a confirmation or assurance that the content node 300 has 
received the outgoing command has not been received by 
the processing logic 250. 

0123 Those skilled in the art will again recognize that a 
database may used to hold commands and that one or more 
attributes associated with each command may indicate that 
the command is in the incoming queue 231, the correspond 
ing incoming in-transit queue 232, the outgoing queue 241, 
or the corresponding outgoing in-transit queue 242. 

0.124 FIG. 9C shows incoming memory 230-1 used for 
holding an incoming command from a source content node 
300-1 and outgoing memory 240-2 used for holding an 
outgoing command to a destination content node 300-2. 
0.125. During a period when a source content node 300-1 

is coupled to the store and forward logic 210, the source 
content node 300-1 may send (put) a command or set of 
commands to the content router 200. The processing logic 
250 may place the incoming command or set of commands 
the incoming queue 231-1 associated with the Source content 
node 300-1. 

0126. At some later point in time, the processing logic 
250 may respond to an incoming command held in the 
incoming queue 231-1. As part of responding to an incoming 
command in the incoming queue 231-1, the processing logic 
250 may move the incoming command from the incoming 
queue 231-1 to the in-transit queue 232-1 of the incoming 
memory 230-1. Additionally, the processing logic 250 may 
select a destination content node 300-2 for which it may 
generate an outgoing command. In general, the processing 
logic 250 may select a set of destination content nodes to 
include multiple destination content nodes, a single desti 
nation content node, or no destination content nodes. Next, 
the processing logic 250 may place the generated outgoing 
command in the outgoing queue 241-2 of a destination 
content node. 

0127. After the processing logic 250 has successfully 
prepared and written an outgoing command to the outgoing 
queue 241-2, the processing logic 250 may remove the 
incoming command from the in-transit queue 232-1 in the 
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incoming memory 230-1. If the processing logic 250 is 
unsuccessful at either preparing or writing the outgoing 
command, the processing logic 250 may move the incoming 
command from the in-transit queue 232-1 back to the 
incoming queue 231-1. In this manner, an incoming com 
mand is either Successfully responded to or it is placed back 
into the incoming queue 231-1 for a future attempt at 
processing the incoming command. 
0128. The processing logic 250 may send a notification to 
the content node 300-2 to inform the content node 300 that 
an outgoing command is pending in the outgoing queue 
241-1. At some later point in time, the destination content 
node 300-2 may request (pull) the outgoing command from 
the outgoing queue 241-2. Alternatively, the content router 
200 may push the outgoing command to the destination 
content node 300-2. After the process of sending the out 
going command to the destination content node 300-2 has 
been initiated but before the processing logic 250 has 
determined that the outgoing command was successfully 
sent and/or received, the processing logic 250 may move the 
outgoing command from the outgoing queue 241-2 to the 
in-transit queue 242-2 associated with the destination con 
tent node 300-2. 

0129. A success at sending and/or receiving may be 
internally determined by the processing logic 250, deter 
mined by receipt of an instruction to remove the outgoing 
command, or determined by receipt of an acknowledgement 
(ACK) or an equivalent notification providing Sufficient 
assurance that the outgoing command has been received by 
the destination content node 300-2. Communicating an 
acknowledgement may be initiated by the destination con 
tent node 300-2 or by an intermediary acting as a proxy for 
the destination content node 300-2 as described below with 
reference to FIGS. 15B, 15C, 16B and 16C. 
0130. If a negative acknowledgement (NACK) is 
received, an error is detected, a time-out has occurred, or the 
like, the outgoing command residing in the in-transit queue 
242-2 may be moved back to the outgoing queue 241-2. As 
a result, if a failure is determined, for example a temporary 
failure, the processing logic 250 may have a future oppor 
tunity to resend the outgoing command from the outgoing 
queue 241-2 to the destination content node 300-2. If the 
processing logic 250 determines that the failure is perma 
nent, it may discard the command thereby avoiding a 
potential endless loop of transferring a command in and out 
of an in-transit queue 232, 242. 
0131. In this way, it is sufficiently confirmed that an 
outgoing command is either received by the destination 
content node 300-2 or placed back into the outgoing queue 
241-2 for a future attempt at sending it to the destination 
content node 300-2. 

0132) The act of moving commands between an incom 
ing or outgoing queue 231, 241 and a corresponding in 
transit queue 232, 242 helps assure that a command is only 
discarded after it has been properly responded to or sent. 
Additionally, the process of moving a command between the 
incoming or outgoing queue 231, 241 and the in-transit 
queue 232, 242 may occur with an actual move of data from 
one allocated buffer to another. Alternatively, the process of 
moving between queues may occur virtually by changing a 
state of a flag or an attribute in a database. Additionally, each 
time a command enters either the incoming queue 231 or the 
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outgoing queue 241, for example from an in-transit queue 
232 or 242 after an error condition has occurred, the 
processing logic 250 may perform a conflict check as 
described below. 

0133). In the examples described with respect to FIGS. 
9A-9C, the incoming data change commands might be 
stored in command memory 220 twice, e.g., in incoming 
memory 230-1 and outgoing memory 240-2. In particular, 
the content router 200 processes (for each targeted content 
node 200-2, 3,...) data change commands from “incoming 
command memory 230-1, depending on the content node 
putting the command, toward the “outgoing command 
memory 240-2, depending on the content node getting the 
command. Thus, the data change command may be stored 
two times the number of target or connected content nodes. 
In other embodiments of content router 200, as will be 
described with respect to FIGS. 9D-9F, the use of command 
memory 220 for storing commands may be reduced. 
0.134 One such embodiment of an exemplary content 
router 200 with reduced storage is illustrated in FIG. 9D. In 
this example, incoming data change commands are pro 
cessed toward other connected content nodes, such as con 
tent node 300-2, without storing the incoming data change 
commands in incoming memory 230-1 of command 
memory 220 as described above with respect to FIG.9C. In 
particular, content node 300-1 forwards a data change com 
mand to store and forward logic 210 of content router 200, 
where store and forward logic 210 attempts to immediately 
process and route the command to content node 300-2 (i.e., 
without first storing the command in incoming memory 
230-1). For example, the change command is put from 
content node 300-1 directly to processing logic 250 of store 
and forward logic 210, where processing logic 250 pro 
cesses and routes the command to the outgoing memory 
240-2 (e.g., to outgoing queue 241-2 and in-transit queue 
242-2 as describe above). Thus, the incoming storage (e.g., 
incoming memory 230-1; indicated in outline in FIG. 9D) 
may be eliminated, or at least its use limited, and only 
outgoing storage (e.g., outgoing memory 240-2) used. 
0.135) In one example, if processing logic 250 is unavail 
able or unsuccessful in processing an incoming command 
from content node 300-1 (e.g., if a resource is unavailable or 
the like) incoming memory 230-1 may be used to store the 
command as discussed with regard to FIG. 9C, for example. 
Thus, the example of FIG. 9D may be used alone or in 
combination with other methods/systems, such as that of 
FIG. 9C. 

0.136 The exemplary content router 200 of FIG.9D may 
reduce storage requirements associated with the store and 
forward logic 210. For example, instead of command 
memory 220 storing commands twice for each associated 
content node (i.e., storage within incoming memory 230-1 
and outgoing memory 240-2; before and after processing by 
processing logic 250), command memory 220 stores a single 
command for each associated content node. For example, 
only the outgoing memory 240-2 is used for each targeted 
content node. The reduction or elimination of incoming 
storage to facilitate processing may reduce costs and 
increase the speed of content router 200 (as evident by the 
reduced processing and storage requirements). 

0.137 In another embodiment of content router 200, 
illustrated generally in FIG. 9E, the two storages (e.g., 
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incoming storage 230-1 and outgoing storage 240-2) are 
replaced by a single storage 222 for all content nodes. In 
particular, incoming data change commands are processed 
by processing logic 250 in the context of the device "put 
request immediately to a central storage, or command 
memory 222 of content router 200, where the command 
memory 222 is content node independent (e.g., command 
memory 222 is not adapted for or associated with a particu 
lar content node). Outgoing data change commands are then 
processed by processing logic 250 in the context of a content 
node/device “get-request from the command memory 222 
when routing to the content nodes 300-2, 300-3, and 300-4. 
0138. In particular, when content node 300-1 puts data, it 

is pre-processed by processing logic 250 prior to storage in 
command memory 222. For example, various data modula 
tion, splitter/aggregation processes, or the like may be 
carried out on the data command prior to getting to com 
mand memory 222 Such that a normalized data change 
command is held therein and accessible by content router 
200. In one example, the normalized command stored with 
command memory 222 will represent the full scope of the 
change available from the first content node 300-1. As other 
content nodes 300-2,300-2,300-4 are notified and “get” the 
data change command, or the data change command is 
otherwise routed thereto, data modulation will occur (e.g., 
the data change command will be modulated by processing 
logic 250 according to the particular content node as the data 
change command flows to the particular content node). 
0139 Aspects of this example may reduce storage 
requirements of content router 200 because the storage of 
data change commands may be reduced to a single entry 
accessible by all associated or connected content nodes 
(compare this single storage to previous examples that may 
store one or two commands per each connected or targeted 
content node). Additionally, the reduced storage may sim 
plify the operation of store and forward logic 210 as shown 
in FIG.9E relative to some other examples described herein; 
however, it is noted that the content router will generally 
need to store additional information Such as which content 
node has fetched the change command, etc. Once the data 
change command has been fetched or received by each 
content node, the change command may be deleted from 
command memory 222. 

0140 FIG. 9F illustrates another embodiment of an 
exemplary content router 200, which may operate to push or 
directly write data change commands to certain content 
nodes. As described in some of the examples above (e.g., 
with respect to FIG. 9C), outgoing data change commands 
are stored in a command memory 240-2. Content router 200 
may notify the content nodes 300-2, 300-3, and 300-4 of an 
available data change command, for which the respective 
content nodes may thereafter request the data change com 
mands from the content router 200. For highly capable 
content nodes, such as a user account associated with service 
provider backend (e.g., a Yahoo! (R) User account and asso 
ciated backend or the like), content router 200 may not need 
to store these data change commands in command memory 
240-2; content router 200 may instead push or write the 
command directly through to the particular content node 
(sometimes referred to as “write-through’). Even highly 
available mobile user-devices may allow an exemplary 
content router system to write through directly (obviating 
the need for storage of the outgoing commands in memory). 
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0.141. Thus, if content node 300-2 is available and 
capable when content router 200 receives a data change 
command from content node 300-1, the data change com 
mand may be processed by processing logic 250 and pushed 
to content node 300-2 (e.g., without using the outgoing 
command memory 240-2 and waiting for content node 
300-2 to request the command). Thus, these features of 
content router 200, as shown in FIG. 9F, may potentially 
reduce the storage required or associated with content router 
200 relative to some of the examples described herein. 
0142. If a particular content node, e.g., content node 
300-3, is not available and/or capable to take the data change 
commands as described with respect to content node 300-2, 
the data change commands for that particular content node 
may be stored in an outgoing memory 240-2 (similar or 
identical to that described with reference to FIG. 9C, for 
example) and a notification to content node 300-3 made. For 
example, content node 300-3 may be notified of the change 
command in outgoing memory 240-2 via a technical SMS, 
or the like. Thereafter, content node 300-3 may fetch the data 
change as previously described. 

0.143 Additionally, in this example content router 200 
may store states, filters, information about what content is on 
the various content nodes, the content node capabilities, and 
the like to assist in facilitating the direct write through or 
push to the content node(s). Such information may be stored 
with or accessible by processing logic 250, connected data 
set configuration 500, and/or the like. 
0144. Those of ordinary skill in the art will further 
recognize that various examples of store and forward logic 
210 as described with respect to FIGS. 9A-9E may be used 
alone or in combination with other methods and systems 
(whether described herein or not). Additionally, various 
examples of store and forward logic 210 and its operation 
may be used as a primary process for routing data change 
commands with one or more other examples serving as a 
secondary process for routing if the primary process is 
unavailable (e.g., if a resource is unavailable, a content node 
is unavailable, or the like). 
014.5 FIGS. 10A to 10D show a Put-Get-Ack procedure 
from points of view a content node 300 and a content router 
200 according to embodiments of the present invention. A 
goal of this procedure is to resolve conflicting commands 
within the incoming and outgoing queues 231, 241. By 
resolving conflicts within the incoming and outgoing queues 
231, 241, content nodes 300 may be freed from the burden 
of resolving conflicts. 
0146 According to the PUT-GET-ACK procedure, a con 
tent node 300 first sends (PUTs) of all commands pending in 
the content node 300 to the content router 200. The content 
router 200 resolves any conflict between an incoming com 
mand and a command already in either the incoming queue 
231 or outgoing queue 241. After the content node 300 has 
sent all commands to the content router 200, the content 
node 300 receives (GETs) commands from the outgoing 
queue 241. Finally, an acknowledgement (ACK) is received 
by the content router 200 assuring that the content node 300 
received the outgoing commands. 
0147 FIG. 10A shows a PUT-GET-ACK procedure 
between a content router 200 and a content node 300 from 
a point of view of the content node 300. At 1100, a content 
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node 300, such as a user device 310, waits until there is a 
need or an ability to put a command to or get a command 
from the content router 200. 

0148. At 1101, a content node 300 receives a notification 
from the content router 200 that a command is pending in the 
outgoing queue 241 and/or the content node 300 determines 
that it has one or more commands to send to the content 
router 200. 

0149. At 1102, the content node 300 first determines 
whether there are any commands to send to the content 
router 200. By requiring that the content node 300 sends 
commands before receiving commands, resolution of con 
flicts is handled in the content router 200 rather than by the 
content node 300. 

0150. At 1103, the content node 300 sends a request to 
PUT commands from the content node 300 to the content 
router 200. If the content node 300 has one or more 
commands to put to the content router 200, it may send a 
sequence of one or more individual requests each containing 
a payload including a command. Alternatively, it may send 
a sequence of one or more requests each containing a 
payload including batches of commands. 
0151. At 1104, the content node 300 receives an 
acknowledgement that the commands were received by the 
content router 200. The content node 300 then checks again 
at 1102 to determine whether there are any more commands 
to put to the content router 200. 
0152. At 1105, if the content node 300 does not have any 
pending commands to put to the content router 200, the 
content node 300 next checks to determine if there are any 
commands to get. In some embodiments, the content router 
200 includes an indication in the acknowledgement received 
in 1104. The indication may inform the content node 300 
that a pending command is waiting in the outgoing queue 
241. If no commands were pushed to the content router 200, 
the content node 300 may determine that there may be one 
or more pending commands to get based on the notification 
received earlier. 

0153. If there are commands to GET from the content 
router 200, at 1106, the content node 300 sends a request to 
the content router 200. At 1107, the content node 300 then 
receives a response having a payload containing the one or 
more commands. At 1108, the content node 300 processes 
the commands, which may include executing the commands 
or may simple save the commands for future execution. At 
1109, the content node 300 sends to the content router 200 
an acknowledgement (ACK) that the commands were 
received and processed. At 1110, the content node 300 waits 
for a response that its acknowledgement (ACK) successfully 
was received by the content router 200. 
0154) Next, again at 1105, the content node 300 checks to 
see whether there are any more commands to get. The 
content node 300 may determine whether the content router 
200 has additional commands by examining the last received 
response received at 1110. In some embodiments, a response 
may contain an indication that one or more additional 
commands are pending in the outgoing queue 241. In some 
embodiments, a response may contain the one or more 
additional commands that were pending in the outgoing 
queue 241. In cases where the response contains an indica 
tion that one or more additional commands are pending in 
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the outgoing queue 241, the content node 300 continues by 
requesting and processing the commands at 1106. In cases 
where the response contains the one or more additional 
commands, the content node 300 continues by processing 
the commands at 1108. 

O155 FIG. 10B shows a PUT-GET-ACK procedure 
between a content router 200 and a content node 300 from 
the point of view of the content router 200 receiving a new 
incoming command PUT to the content router 200 by the 
content node 300. At 1200, a content node 300 sends a new 
command to the content router 200, where the new com 
mand is destined for the incoming queue 231. 
0.156. At 1201, the processing logic 250 determines 
whether any conflict exists between the new command and 
any command existing in either the incoming queue 231 or 
the outgoing queue 241. 
O157 At 1209, if a conflict exists between the new 
command and an existing command, the processing logic 
250 resolves the conflict by determining whether to discard 
the new command, aggregate the new command with the 
existing conflicting command, remove the existing conflict 
ing command from the queue 231 or 241, and/or move the 
new command to the incoming queue 231. The process of 
detecting and resolving conflicts between a new command 
and an existing command is further described below with 
reference to FIG. 10D. At 1203, if no conflict is detected, the 
processing logic 250 moves the command to the incoming 
queue 231. 
0158. At a future time, the processing logic 250 begins 
processing commands in the incoming queue 231 as shown 
at 1204. At 1205, once processing has been initiated, the 
processing logic 250 may move the command from the 
incoming queue 231 to the in-transit queue 232. At 1206, the 
processing logic 250 receives an acknowledgement that the 
command was processed, receives a negative acknowledge 
ment that the command was not processed, or determines 
that due to a failure, Such as a timeout, the command must 
be processed again. 
0159. At 1207, the processing logic 250 receives an 
acknowledgement. Therefore, the processing logic 250 
removes and discards the command from the in-transit 
queue 232. Alternatively at 1208, if a timely acknowledge 
ment is not received, the processing logic 250 prepares to 
move the command from the in-transit queue 232 back to the 
incoming queue 231 for reprocessing at 1204. At this point, 
the command to be moved may be treated as a new com 
mand. At 1201A, the processing logic 250 performs a 
conflict check between the command to be moved and 
commands in the incoming and outgoing queues 231, 241 
for the content node 300. The process then continues as 
described above with reference to 1202. 

0160 FIG. 10C shows a PUT-GET-ACK procedure 
between a content router 200 and a content node 300 from 
the point of view of the content router 200 generating a new 
outgoing command for a content node 300 to GET from the 
content router 200. At 1210, the content router 200 may 
generate a new outgoing command in response to an incom 
ing command from a different connected content node 
associated with the same user. 

0.161. At 1211, the processing logic 250 determines 
whether any conflict exists between the new command and 
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any command existing in either the incoming queue 231 or 
the outgoing queue 241. At 1219, if a conflict exists between 
the new command and an existing command, the processing 
logic 250 resolves the conflict by determining whether to 
discard the new command, aggregate the new command 
with the existing conflicting command, remove the existing 
conflicting command from the queue 231 or 241, and/or 
move the new command to the outgoing queue 241. At 1213, 
if no conflict is detected, the processing logic 250 moves 
command to the outgoing queue 241. At 1214, the process 
ing logic 250 may send a notification to the content node 300 
to indicate that a new command is waiting in the outgoing 
queue 241. 
0162 At a future time, the processing logic 250 begins 
processing the commands in the outgoing queue 241. At 
1215 once processing has been initiated, the processing 
logic 250 send a command from the outgoing queue 241 to 
the content node 300. The processing logic 250 may also 
move the command from the outgoing queue 241 to the 
in-transit queue 242. At 1216, the processing logic 250 waits 
for an acknowledgement from the content node 300 indi 
cating that the command was processed by the content node 
300. A failure may occur if the processing logic 250 receives 
a negative acknowledgement that the command was not 
processed or determines that due to a failure, Such as a 
timeout, the command must be processes again. 
0163 At 1217, the processing logic 250 receives an 
acknowledgement. Therefore, the processing logic 250 
removes and discards the command from the in-transit 
queue 242. Alternatively at 1218, if a timely acknowledge 
ment is not received, the processing logic 250 prepares to 
move the command from the in-transit queue 242 back to the 
outgoing queue 241 for reprocessing. At this point, the 
command to be moved may be treated as a new command. 
At 1211 A, the processing logic 250 performs a conflict 
check between the command to be moved and commands in 
the incoming and outgoing queues 231, 241 for the content 
node 300. The process then continues as described above 
with reference to 1212. 

0164 FIG. 10D shows a structure for detecting conflicts 
between a new command 400 and existing commands 
401-407 in the incoming queue 231 and the outgoing queue 
241. A new command 400 may be received from a content 
node 300 or generated by the processing logic 250. New 
commands 400 from a content node 300 are destined for the 
incoming queue 231. New commands 400 generated by the 
processing logic 250 are destined for the outgoing queue 
241. Before a new command 400 is saved in either the 
incoming queue 231 or the outgoing queue 241, the pro 
cessing logic 250 determines whether a conflict exists. 
0165. To determine whether a conflict exists, the process 
ing logic 250 compares the new command 400 to existing 
commands 401–407 in the incoming queue 231 and/or the 
outgoing queue 241. If the new command 400 and an 
existing queued command contain related content or meta 
data, the processing logic 250 may determine that a conflict 
must be resolved between the new command 400 and this 
existing command. 
0166 To resolve a detected conflict, the processing logic 
250 may determine if one command supersedes the other. In 
the case where the existing command Supersedes the new 
command, the processing logic 250 may discard the new 
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command 400. In the case where the new command super 
sedes the existing command, the processing logic 250 may 
either replace the existing command with the new command 
400 in the appropriate queue 231 or 241, or it may remove 
the existing command from the queue 231 or 241 and add 
the new command 400 as a new entry at a different location 
in the appropriate queue 231 or 241. 
0.167 Alternatively, the processing logic 250 may deter 
mine that the new command 400 and the command con 
flicting with the new command 400 should be aggregated 
into a single command. In the case where commands are 
aggregated, the processing logic 250 may either replace the 
existing command with an aggregated command, or it may 
remove the existing command from the queue 231 or 241 
and add the aggregated command as a new entry in the 
appropriate queue 231 or 241. 
0168 FIG. 11 illustrates a representation of a structure of 
a connected data set configuration 800 according to embodi 
ments of the present invention. A connected data set con 
figuration database 800 includes a hierarchal configuration, 
e.g., 510 to 570, for each user connected to the content router 
200. A first user defines a connected data set configuration 
510 using a configuration and maintenance tool. The con 
figuration and maintenance tool may be, for example, a web 
based graphical user interface (GUI) having access to the 
database 800 via SQL database calls. 
0169. Each user configuration 510 to 570 may include a 
configuration for user devices 511 and for user accounts 516. 
Each configuration for user devices 511 includes a set of 
configurations for each user device 512, 513. Each configu 
ration for user accounts 516 includes a set of configurations 
for each user account 517. 518. Each user device and 
account configuration 512, 513, 517 and 518 includes a set 
of configurations for each configured content type. 
0170 Those skilled in the art will recognize that the 
connected data set configuration database 800 may be struc 
tured using one of several possible hierarchal structures. For 
example, user devices configuration 511 and user accounts 
configuration 516 may be combined into a single structure. 
The hierarchal structure between user devices or user 
accounts and content type may be reversed Such that a 
content type configuration contains a configuration for mul 
tiple user devices and/or user accounts, rather than having a 
user device or user account configuration containing a 
configuration for multiple content type. 
0171 As shown, a user device configuration 513 contains 
a configuration for each content type processed by the user 
device. For example, if user device B is capable of process 
ing contacts, events, to do items (tasks), emails and library 
items, the user device B configuration 513 may contain 
respective configurations 513-1, 513-2, 513-3, 513-4 and 
513-5. A database ID may be allocated for each content type 
of a user's connected content nodes. Therefore, a database 
ID may have a one-to-one relationship to a particular content 
type on a particular connected content node for a particular 
user. This database ID may be used by a content node when 
it communicates with the content router 200. For example, 
each command that is generated by a content node may 
include a specific database ID to identify the user, the 
content node and the content type as described below with 
reference to FIG. 13. 

0.172. When a new content node (e.g., a user account or 
device) enters the connected community of content nodes, it 
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is generally desirable to avoid a situation where content or 
metadata (e.g. contacts, events, etc.) associated with the new 
content node is duplicated with that already available in the 
connected community. Such a scenario may result in, for 
example, if two identical or nearly identical content entries 
exist on one or more of the content nodes. Accordingly, the 
content router may include logic operable to detect and 
handle duplicate content entries, in particular, when a con 
tent node is added to the community. 

0173. In one example, data consolidation logic is 
included with the store and forward logic 210 (e.g., with the 
processing logic) of the content router 200 (see, e.g., FIG. 5). 
The data consolidation logic is operable to generate and 
maintain (e.g., store) a hash-value of at least a portion of the 
routed payload (including the content and/or metadata). In 
one example, the hash-value is created from at least one 
“significant property of each payload, which is generally 
less than the entire content of the payload. The significant 
property may include a specific data field depending on the 
content type, e.g., the first and last name of a contact entry, 
a phone number for a contact, the subject field for an event 
entry, or the like. 

0174 The hash-value may be used to detect possible 
duplicates whenever new data enters the community and 
query only these possible duplicate data candidates for 
inspection. Further, by being based on a portion of the 
payload (e.g., based on a significant property), non-exact 
matches may be examined for possible duplicate entries. 
Such features may avoid the time and cost of having to query 
all available data whenever new data enters the community 
and reduce the potential for duplicates because hash values 
may be relatively quickly compared with a list of hash 
values of known content. 

0175. In particular, a list of hash-values may be created 
and stored (e.g., in repository 600 of content router 200 
shown in FIG. 5) for all content entries associated with the 
community of connected nodes. As new data enters the 
community via one or more content nodes 300-1, 300-2, 
300-3, etc., a hash-value may be determined for each data 
entry or payload by a similar process as for the original data. 
By comparing hash-values of two content entries, potential 
duplicates may be identified relatively quickly compared 
with comparing the full data entries of old and new data. 
When a potential duplicate is identified based on the gen 
erated hash-values, various rules may be implemented to 
determine if the potential duplicates are in fact duplicates 
and should therefore be stored separately, merged, ignored, 
or the like. Various rules to determine actual duplicates may 
be used, and may depend, e.g., on the content type. In one 
example, a rule may be operable to determine an actual or 
potential duplicate if two content entries or records are an 
exact match, i.e., all data in all fields are exactly the same 
between two content entries or records. For example, two 
contact entries may both consist of an identical name and 
phone number. 

0176). In other examples, various exceptions or modifi 
cations to an exact match rule are possible and contem 
plated. For example, a first content node may include a 
contact entry with a first number of data fields, n. A new 
content entry may include a second number of data fields, 
n-1. The hash-values may indicate potential duplicates based 
on similar significant properties (such as a name or phone 
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number in a content entry). The content entries will not have 
an exact match, however, because the first content entry has 
additional, unmatched fields. The system may nevertheless 
identify these as the same record and not create a duplicate 
entry for the new entry if, for example, all common data 
fields match. Additionally, the record which has the largest 
payload or number of segments/data fields may be used as 
a base record, whereby the other records are merged into the 
base record as appropriate. Additional rules may be defined 
and used to equate data fields of different devices and 
systems that do not include exact matches etc. For example, 
a first contact entry listing “John Smith' and a phone 
number, and second contact entry including “John Smith' 
and an email, are not exact matches, but may be merged into 
a single record including “John Smith' and both the email 
and phone number data. The merged record will be distrib 
uted to all content nodes (with some modifications or 
filtering possible based on content node capabilities/prefer 
ence/etc.). 
0.177 For example, a first content node may include an 
event entry with a recurrence rule. A new event entry may 
include a single event occurring just within that recurrence 
defined by the recurrence rule of the first content entry. The 
hash-values may indicate potential duplicates based on 
similar significant properties (such as the Summary of a 
content entry). The content entries will not have an exact 
match, however, because the first content entry has addi 
tional recurring information and the start date does not 
match. The system may nevertheless identifies these as the 
same record in one example and does not create a duplicate 
entry for the new entry if the single event occurs just within 
the recurrence defined by the recurrence rule of the first 
event. Additionally, the record which has the largest payload 
or number of segments/data fields may be used as a base 
record. The merged record, in this case the recurring event, 
will be distributed to all content nodes (with some modifi 
cations or filtering possible based on content node capabili 
ties/preference/etc.). 

0.178 Accordingly, the hash-value provides a relatively 
fast and cheap process for identifying potential duplicates 
(compared to storing or querying the actual content from 
varying content nodes). Additionally, various rules may be 
defined and utilized to determine actual matches and the 
treatment of those matches (e.g., to merge, discard, etc.). 

0179. With reference back to FIG. 13, a configuration 
513-1 for contact content type of a particular content node 
(e.g., user device B513) may require a contact to include a 
phone number. For example, some mobile phones only 
allow a contact including a phone number. Alternately, a user 
may only want contacts with phone numbers on the user's 
device. If such a flag is set, all contacts without a phone 
number will not be routed to this content node. A flag may 
indicate that phone numbers must be digits only without 
other ASCII characters. In this case, a repository may be 
used as described below to hold an unfiltered version of a 
ASCII filled phone number while the content router will 
prepare a contact include a digit-only phone number. 

0180 A configuration 513-2 for event content type of a 
particular content node may allow only events occurring 
within the next two weeks (or other set future duration) to be 
routed to the content node. Therefore, if one content node 
sends a new event to the content router, the content router 
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will determine if this event will occur within the predeter 
mined future time. If the flag and duration indicate that the 
event falls outside the parameters, the content router will not 
route the event to this content node. Additionally, a content 
router may include an inventory as described below that may 
be periodically reviewed to determine if an event falls within 
the duration and may be retrieved from one content node and 
sent to this content node. Another flag may indicate that all 
attachments will be removed from an event before forward 
ing to this content node. Another flag may indicate that all 
notes will be removed from an event before forwarding to 
this content node. 

0181 Similarly, a configuration 513-3 for to-do task 
content type of a particular content node may allow only 
tasks due within the next two weeks (or other set future 
duration) to be routed to the content node. 
0182. A configuration 513-4 for email is shown to include 
routing parameters used in routing rules and transformation 
parameters used in transformation rules. Routing rules may 
be used by the processing logic 250 to select a set of 
destination content nodes. The set may be a null set, 
whereby no content nodes are selected for receipt of an 
outgoing command. Alternatively, the set may indicate one 
or more destination content nodes that may receive an 
outgoing command. Routing rules include the capability of 
a content node to receive a particular content type, or an 
upper limit on a number of elements allowed on a content 
node. For example, a routing rule may be to bar any 
commands to a device that will increase the number of 
unread or read emails. A routing parameter may be a flag 
indication if the content node is or is not accepting com 
mands. For example, if the content node's email box is full, 
the flag may be set to block sending of additional emails. A 
routing parameter may indicate the maximum size of an 
acceptable input. For example, if a content node is a mobile 
phone with limited memory, the routing parameter may be 
used to block all email messages greater that a particular size 
(e.g., greater than 1 kilobyte). A routing parameter may 
indicate that the content router should block all commands 
destined to the content node if the connection speed is below 
a predetermined rate or if the connection type does not 
provide a high transfer rate. For example, routing parameter 
may indicate that a content node, Such as a mobile phone, 
will not receive email messages with attachments if the 
mobile phone is not connected with a wired connection. 
0183 For each selected destination content node, the 
processing logic 250 may generate an outgoing command. 
The processing logic 250 may use transformation param 
eters when processing transformation rules. Transformation 
rules may be used to determine the contents of the generated 
outgoing command. For example, a transformation param 
eter may be a maximum size value used to truncate com 
mands to a maximum size (e.g., limiting the size to less than 
1 kilobyte). A transformation parameter may be a flag used 
to determine whether a particular content type should be cut 
from the command. For example, a flag may be used to 
indicate that the content node only accepts attachments that 
are image files. A transformation parameter may be a flag 
used to block all attachments. For example, a flag may be 
used to indicate that the content node does not accept 
attachments that are document files. A transformation 
parameter may indicate that the content router should 
remove all attachments if the connection speed is below a 
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predetermined rate or if the connection type does not pro 
vide a high transfer rate. For example, transformation 
parameter may indicate that a content node. Such as a mobile 
phone, accepts email messages with the attachments if the 
mobile phone is connected with a wired connection but 
indicates that the attachments may be stripped off if the 
mobile phone is connected with a wireless connection. A 
transformation parameter may be a flag used to block all 
attachments if the content node if approaching a full state. 
For example, a flag may be used to indicate that the content 
node does not accept attachments when the content node is 
nearly full (e.g., 90% full). The content node may strip 
attachments from emails thereby preserving free memory on 
the content node. 

0.184 A configuration 513-5 for library item content type 
of a particular content node may allow only images to be 
routed to the content node. Another flag may be used to filter 
audio files. Additionally, another flag may be used to filter 
movie files. 

0185 FIGS. 12A to 12E illustrate external and internal 
logic, which may be used to interface a content router 200 
to user devices 310 and user accounts 320 according to 
embodiments of the present invention. A content routing 
system may include the store and forward logic 210. A 
content routing system may also translation logic Such as 
include protocol logic 260 and/or protocol interface logic. 
Additionally, a content routing system may include a gate 
way such as a device gateway and/or a server gateway. 
Alternatively, the gateway may be external to the content 
routing system. 

0186 FIG. 12A illustrates a content router 200 coupled to 
an external protocol interface logic 260 and including a 
connected data set configuration 500 and store and forward 
logic 210 coupled to a command interface of protocol 
interface logic 260. The protocol interface logic 260 may be 
used to couple the store and forward logic 210 with various 
content nodes types such as user devices 310-1 to 310-3 and 
user accounts 320-1 to 320-3 using interfaces having dis 
parate protocols. 

0187. In the embodiment shown, the protocol interface 
logic 260 translates between a protocol used by a content 
node 310,320 and commands 400 processed in the store and 
forward logic 210. Specifically, the protocol interface logic 
260 receives messages 910-1 to 910-3 and 920-1 to 920-3 
based on a specific content node protocol used to commu 
nicate with the content node 310-1 to 310-3 and user 
accounts 320-1 to 320-3. The protocol interface logic 260 
converts these signals to commands 400 for the store and 
forward logic 210. The protocol interface logic 260 also 
receives commands 400 from the store and forward logic 
210 and converts these commands back to messages 910-1 
to 910-3 and 920-1 to 920-3 tailored for the specific content 
node 310-1 to 310-3 and 320-1 to 320-3. 

0188 As described above, a content router 200 couples to 
a command interface of the protocol interface logic 260. As 
described below, the content router 200 couples to a message 
interface of protocol interface logic 260. 
0189 FIG. 12B shows a content router 200 including 
store and forward logic 210 and a protocol adapter 268 
translating between messages 801 and commands 400. The 
protocol interface logic 260 including a device gateway 264 
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translating between messages 910 from a user device and 
messages from the content router 200. The device gateway 
264 couples the content router 200 with user devices utiliz 
ing various protocols. The various user devices and proto 
cols may include a mobile phone running a SyncML pro 
tocol oran SMS based protocol, a JavaTM based client device 
running a binary protocol, a home personal computer based 
client running HTTP protocol, or the like. 
0190. The device gateway 264 performs a function of 
translating between various protocols used by the different 
user device types and a common protocol. Such as a XML 
RPC (extensible Markup Language-Remote Procedure Call 
ing) protocol, used by the content router 200. A common 
protocol allows for easier Scalability when additional gate 
ways also using the common protocol are coupled to the 
content router 200. Furthermore, using a common protocol 
decouples the function of device protocol conversion from 
the protocol adapter 268 as well as from the store and 
forward logic 210. 
0191 In addition to translating protocols, the device 
gateway 264 models a server to Support a client-server 
relationship from the point of view of the user device 310, 
which acts as a client. The device gateway 264 also models 
a client to Support a client-server relationship from the point 
of view of the store and forward logic 210, which acts as a 
SeVe. 

0192 In an alternative embodiment, the protocol adapter 
268 is separate from the content router 200. The protocol 
adapter 268 may be part of the protocol interface logic 260 
or may be standalone. 
0193 Some user devices 310 may include a user interface 
application unaware of the content router 200. For these user 
devices 310, the user device 310 may include a data routing 
driver knowledgeable of the content router 200 and which 
interfaces with the user interface application. The data 
routing driver uses an available protocol to communicate 
with the content router 200 thereby coupling the user 
application with the content router 200. Commands received 
over the available protocol are translated into instructions 
for the user application. Additionally, changes made within 
the application are communicated as messages sent over the 
available protocol to the content router 200. 
0194 Some user devices 310 may include both a data 
routing driver and an application knowledgeable of the 
content router 200. Other user devices 310, such as a 
SyncML-enabled mobile phone, may not need a data routing 
driver knowledgeable of the content router 200 because of 
capabilities inherent in Such devices. For example, a Syn 
cML-enabled mobile phone inherently includes over-the-air 
SyncML synchronization routines invokeable by the content 
router 200. Therefore, the content router 200 may push 
changes to the SyncML-enabled mobile phone without 
requiring content router knowledgeable software on the user 
device 310. 

0.195 FIG. 12C shows a content router 200 including 
store and forward logic 210 and a protocol adapter 268 
translating between messages 801 and commands 400. The 
protocol interface logic 260 including a server gateway 266, 
which translates between messages 920 from a user account 
and messages having a common protocol for use in the 
content router 200. The server gateway 266 couples the 
content router 200 with user accounts utilizing various 
protocols. 
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0196. The server gateway 266 allows access to the con 
tent router 200 by user accounts communicating according 
to various server protocols such as HTTPXML, J DAV. Web 
DAV Exchange, IMAP POP3, or the like. The server may 
include a PIM server, such as a Yahoo! (R) PIM server, a photo 
server, such as a Yahoo! (R) Photos server, an email server, 
such as a PacBell email server, or the like. For example, a 
content node 320 may be a user's email account on an email 
server using an IMAP protocol to communicate to the 
content router 200. 

0197) Similar to the device gateway 264, the server 
gateway 266 models a client to the store and forward logic 
210. Unlike the device gateway 264, which models an 
intermediary between a client and a server, the server 
gateway 266 models an intermediary between two servers. 
Typically, two servers do not communicated in a client 
server relationship. The server gateway 266, however, 
allows the account server to communicate with the store and 
forward logic 210 server, both acting as servers in a client 
server relationship. To facilitate this communication, the 
server gateway 266 models a client to Support a client-server 
relationship from the point of view of the user account 320 
and models a client from the point of view of the store and 
forward logic 210. 
0198 As described above, the protocol interface logic 
260 is positioned externally from the content router 200. As 
described below, the content route 200 includes the protocol 
interface logic 260 
0199 FIG. 12D shows a content router 200 containing 
store and forward logic 210, a protocol adapter 268, and 
protocol interface logic 260 including a device gateway 264 
and a server gateway 266. As described above, the device 
gateway 264 and a server gateway 266 translate between 
protocols used by devices and servers and a common 
protocol, such as an XML-RPC protocol. The protocol 
adapter 268 translates between the common protocol and 
commands 400 used to communicate with the store and 
forward logic 210. Commands 400 sent between the store 
and forward logic 210 and the protocol adapter 268 may be 
in a request-response scheme Such as in a JavaM platform 
including a Remote Method Invocation over Internet Inter 
ORB Protocol (RMI-IIOP) technology interface. A Java 
RMI platform allows an object running on a Java enabled 
content node to invoke methods on an object running in a 
Java based store and forward logic 210 and vise versa. 
Furthermore, the content router 200 may configure the 
device gateway 264 and/or the server gateway 266 with one 
or more of the routing parameters and/or one or more of the 
transformation parameters, such that the gateway may per 
form routing and transformations on commands of a content 
node. 

0200. The device gateway 264 is shown coupling the 
protocol adapter 268 to a mobile phone 310-1 running a 
SyncML protocol 910-1 and a JavaTM based client device 
310-2 operating with a binary protocol 910-2. The server 
gateway 266 is shown coupling the protocol adapter 268 to 
a PIM server 320-1, a photo server 320-2, and an email 
server 320-3 with protocols 920-1,920-2, and 920-3, respec 
tively. 

0201 A common protocol, such as XML-RPC, allows 
applications running on disparate operating systems and in 
different environments to make remote procedure calls using 
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HTTP as a transport layer and XML as an encoding scheme. 
The XML-RPC protocol allows complex data structures to 
be transmitted from an application running on the device 
gateway 264, the server gateway 266, an XML-RPC-en 
abled device, or an XML-RPC-enabled server to the proto 
col adapter 268 and the store and forward logic 210. The 
protocol adapter 268 or the store and forward logic 210 may 
process the received data structure and return a result to the 
application. 

0202 Content nodes having the capability to communi 
cate using the common protocol may bypass the gateway 
and may communicate directly with the protocol adapter 
268. For example, a Symbian device or a WinCE, Win32 or 
home personal computer (PC) 310-3 running a client appli 
cation may communicate directly with the protocol adapter 
268 and avoids the device gateway 264 since the PC 310-3 
already employs the common protocol. Additionally, a Smart 
phone 310-4 may also communicate using the common 
protocol and avoid the device gateway 264. Similarly, user 
accounts may use the common protocol thereby bypassing 
the server gateway 266 to communicate with the protocol 
adapter 268. As shown, a Yahoo! (R) server 320-4 uses the 
common protocol thereby avoiding the server gateway 266. 
In some embodiments, a content node communicates with 
commands 400 directly (not shown), and thus may avoid 
using a protocol adapter 268. 
0203 By using a common protocol, the protocol adapter 
268 may treat messages 801 from device gateway 264, 
messages 803 from a server gateway 266, messages 810-3, 
810-4 from user devices 310-3, 310-4 and messages 820-4 
from user accounts 320-4 similarly, thereby simplifying the 
design and implementation of the protocol adapter 268. 
Therefore, incoming messages in the common protocol are 
treated similarly regardless of input path to the protocol 
adapter 268. As a result, the store and forward logic 210 may 
treat commands from each content node similarly. 
0204 The content router 200 may also include a notifi 
cation signal (dotted line) sent from the store and forward 
logic 210 to a device and/or server gateway 264, 266 as 
shown in FIG. 12D. If an outgoing command is waiting in 
the outgoing queue 241, the store and forward logic 210 may 
periodically send a notification signal (dotted lines) to the 
appropriate gateway 264, 266. A notification may be send 
from the store and forward logic 210 to the gateway 264, 266 
using telnet, HTTP, a custom API, or the like. The gateway 
264. 266 then may initiate a request for the outgoing 
command or commands 400 from the store and forward 
logic 210. The gateway 264, 266 may receive a response 
including the command from the outgoing queue 241. 
0205. In some embodiment, after a gateway 264, 266 
receives a notification signal and fetches an outgoing com 
mand, the gateway prepares an outgoing notification mes 
sage containing the command. If the outgoing command is 
relatively small in size, the gateway 264, 266 may include 
the command within the notification. 

0206. According to some embodiments, the store and 
forward logic 210 determines that a notification may be sent 
to a content node 300 to inform the content node 300 that the 
outgoing queue may contain an outgoing command. The 
store and forward logic 210 generates a notification signal 
for a gateway 264, 266. The gateway 264, 266 receives a 
notification signal from the store and forward logic 210. The 
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notification signal may indicate availability of an outgoing 
command in the outgoing queue 241 for a content node 300. 
In response to receiving the notification signal, the gateway 
264. 266 may request the outgoing command, for example, 
by a call to the protocol adapter 268. The protocol adapter 
268 retrieves the command from the store and forward logic 
210, which provides it to the gateway 264, 266. The gateway 
264. 266 receives the response containing the outgoing 
command. The gateway 264, 266 prepares an outgoing 
notification containing the outgoing command. The gateway 
264. 266 may encode the outgoing command into a compact 
binary sequence. The gateway 264, 266 then sends the 
outgoing notification to the content node 300, which may be 
either a user device 310 such as a mobile phone or a user 
account 320 such as an email account. For example, a device 
gateway 264 may send the outgoing notification to a mobile 
phone by way of an SMS gateway. The gateway 264, 266 
may send an acknowledge that the outgoing notification to 
the store and forward logic 210 via the protocol adapter 268. 

0207 FIG. 12E shows a multi-server content routing 
system according to embodiments of the present invention. 
The content router 200 operates as a first server. The content 
router 200 includes store and forward logic 210 and a 
protocol adapter 268, which may communicate internally 
via a command based exchange, such as with RMI-IIOP, and 
externally via a common protocol, such as XML-RPC. The 
content router 200 may also include a connected data set 
configuration 500 and/or a repository 600 and/or a file relay 
server 700 either internally to or externally from the content 
router 200. Furthermore, the command memory 220, the 
connected data set configuration 500, the repository 600, and 
the file relay server 700 may each be formed in separate 
memory, combined in a common memory, or formed in a 
combination of separate and combined memory. For 
example, the command memory 220, the connected data set 
configuration 500, the repository 600, and the file relay 
server 700 may each be formed in separate databases, such 
as separate relational databases, or two or more may be 
combined a combined database. 

0208. The content routing system also includes servers to 
communicate to content nodes. A device gateway (server) 
264 interfaces to user devices 310 using device specific 
protocols 910. A server gateway (server) 266 interfaces to 
user accounts 320 using server specific protocols 920. 

0209 Some embodiments of the present inventions 
include or are coupled to a file relay server 700. The file 
relay server 700 acts as a file relay memory and may be 
coupled to one or more of the servers and/or content router 
200 (direct connection not shown in figure) and/or one or 
more of the content nodes. 

0210. The file relay server 700 facilitates transportation 
of commands having separable segments among a plurality 
of content nodes comprising detaching the segments prior to 
the commands being saved to a command memory of a store 
and forward logic. The file relay server 700 may provide an 
input for a content node 310,320, a server 264, 266, or a 
content router 200 (a protocol adapter 268 or a store and 
forward logic 210) to store one or more files so that the files 
may be removed from incoming commands before the 
incoming command is stored in the command memory 220 
of the store and forward logic 210. By removing separable 
segments, especially large files, the command memory is 
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capable of holding a larger number of commands and may 
be more agile in processing commands. The file relay server 
700 may also provide a mechanism for routing file from and 
to a content node behind a firewall. Two content nodes 300 
separated by a firewall may not permission to access content, 
such as a file, and metadata from the other. However, if both 
content nodes 300 are able to provide the content and/or 
metadata to the file relay server 700 either directly or 
indirectly through a server 264, 266, a content router 200, a 
protocol adapter 268, or a store and forward logic 210, the 
content nodes 300 may, in effect, exchange the content 
and/or metadata. Additionally, in some embodiments, a file 
is encrypted by the content node 310,320, a server 264, 266, 
a content router 200, a protocol adapter 268, or a store and 
forward logic 210 before it is saved to the file relay server 
700. In some embodiments, a security mechanism is imple 
mented so that a file provided by one content node are only 
available to other content nodes connected to the same user, 
for example, as configured in the connected data set con 
figuration for that users. A security mechanism may include 
authentication of each request for a file from the file relay 
server 700, as well encryption of the received and delivered 
files. 

0211 The multi-server content routing system may use 
the file relay server 700 to provide a path for a content node 
to receive an attachment when a peer-to-peer 450 connec 
tion, as shown in FIG. 5, is not desirable or not possible. A 
peer-to-peer 450 connection may not be possible when one 
or both of the content nodes are behind firewalls that block 
peer-to-peer connections. Additionally, a peer-to-peer 450 
connection may not be possible when each content node is 
not simultaneously connected to the network 10. The file 
relay server 700 may provide a temporary repository for 
attachments or other segments of a command. 
0212. The file relay server 700 may off load processing 
form the store and forward logic 210. For example, a source 
content node, a device gateway or a protocol adapter may 
cut a detachable segment from an incoming command or 
message, such as a large file from an email. A reference to 
the stored segment on the file relay server 700 may be 
positioned in place of the removed segment in the incoming 
command. The content router 200 and connected content 
nodes 300 may process a reference to a file residing on the 
file relay server 700 in a similar manner as a reference back 
to a file residing on the source content node 300. The 
resulting abridged incoming command may then be sent to 
the store and forward logic 210 and may be significantly 
smaller by the removal or replacement with a reference of a 
large segment. At some Subsequent time, an outgoing com 
mand corresponding to the abridged incoming command 
may pass out from the store and forward logic 210. The 
protocol adapter, device gateway or a destination content 
node may detect the reference and replace the reference with 
the segment retrieved from the file relay server 700. In this 
way, the command memory 220 may be spared the task of 
holding large files. 

0213. In a first scenario, a stand alone file relay server 
700 is used. First, a new email including an attachment is 
received via the Internet by a user's corporate email account. 
The user account communicates a change, that is, the arrival 
of the new email to the content router 200. The store and 
forward logic 210 receives an incoming command contain 
ing the email, however, the content node 300 replaced the 
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attachment in the email with a metadata link identifying the 
location of the attachment on the corporate server. If the 
email account is behind a firewall, other connected content 
nodes may not be able to access a metadata link to the 
attachment. In this case, the store and forward logic 210 may 
forward the metadata link to the protocol interface logic 260 
and may instruct the protocol interface logic 260 to fetch the 
attachment based on the metadata link. The protocol inter 
face logic 260 directs the fetched attachment to the file relay 
server 700. When generating outgoing commands in 
response to the incoming command, the store and forward 
logic 210 replaces the metadata link identifying the corpo 
rate server as the source of the attachment with a link 
locating the attachment on the file relay server 700. A 
content node receiving the outgoing command will be 
referred to the file relay server 700 rather than to an 
inaccessible server. 

0214. In a second scenario, a public email server is used 
as the file relay server 700. As was described above, a new 
email including an attachment is received via the Internet by 
a user's corporate email account. The user account commu 
nicates the arrival of the new email to the store and forward 
logic 210 with a reference to the attachment rather than the 
attachment itself. The store and forward logic 210 instructs 
the protocol interface logic 260 to fetch the attachment 
based on the reference. In this scenario, the protocol inter 
face logic 260 directs the attachment to a command destined 
for the public email server. The store and forward logic 210 
then generates commands to each of the other connected 
content nodes with a metadata link directing a user to the 
public email server rather than the corporate email server. In 
this way, a content node may have access to an attachment 
that originated on an email server inaccessible to the content 
node. 

0215. In another scenario, a first content node sends an 
incoming command including an embedded attachment to 
the content router 200. The gateway 264 or 266 removes the 
attachment from the command and saves the attachment to 
the file relay server 700. The gateway may remove all 
attachments or alternately particular attachment types. The 
gateway may base the decision to remove one or more 
attachments base on one or more configuration parameters, 
which may be specific to a content node, a content node type 
and/or a user's connected data set configuration. The gate 
way may replace the attachment with a reference, which 
may allow a gateway or a content node itself to retrieve the 
attachment from the file relay server 700. Alternatively, the 
protocol adapter 268 or the store and forward logic 210 may 
Swap the attachment and a reference in the command and 
store to and/or retrieve the attachment from the file relay 
Server 700. 

0216) In some embodiments, the content node 310 or 320 
interfaces with the file relay server 700. For example, if a 
user account 320 receives an email with an attached file from 
the Internet, it may forward the email to the content router 
200 as a command to add a new email containing a file. 
Alternatively, the user account 320 may detach then forward 
the file to the file relay server 700. The content node 320 
then generates and sends a command with the email having 
the attachment replaced with a reference to the file on the file 
relay server 700. When a destination content node, for 
example, user device 310, receives an outgoing command 
with the reference, the content node 310 may automatically 
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retrieve the file from the file relay serer 700 and replace the 
reference with the retrieved file to restore the original email. 
Alternatively, the content node 310 may allow the user to 
manually fetch the file by following the reference to the file 
relay server 700. 
0217. In some embodiments, the gateways 264, 266 
interfaces with the file relay server 700. For example, if a 
gateway 264, 266 receives an incoming command from a 
source content node 310 or 320 to add a new email con 
taining an attached file, the gateway 264, 266 receiving the 
incoming command may forward the file to the file relay 
server 700 then substitute the file in the command with a 
reference to the file on the file relay server 700. At some later 
point in time when an outgoing command that contains the 
reference is sent towards a destination content node, the 
server 264, 266 receiving command from the content router 
200 may restore the email by replacing the reference with 
the file extracted from the file relay server 700. 
0218. In some embodiments, the protocol adapter 268 
interfaces (not shown) with the file relay server 700. For 
example, if the protocol adapter 268 receives an incoming 
command from a source content node 310,320 to add a new 
email containing a file, the protocol adapter 268 may for 
ward the file to the file relay server 700. The protocol adapter 
268 then replaces the attached file with a reference to the file 
on the file relay server 700. When a destination content node 
310, 320 requests an outgoing command that contains the 
reference, the protocol adapter 268 may replace the refer 
ence with the file extracted from the file relay server 700. 
0219. In some embodiments, the store and forward logic 
210 interfaces (not shown) with the file relay server 700. For 
example, if the store and forward logic 210 receives an 
incoming command from a source content node 310,320 to 
add a new email containing a file, the store and forward logic 
210 may forward the file to the file relay server 700. The 
store and forward logic 210 then replaces the file in the 
command with a reference to the file on the file relay server 
700. When the store and forward logic 210 retrieves an 
outgoing command that contains the reference, it may 
replace the reference with the file extracted from the file 
relay server 700. 

0220 FIGS. 13 and 14A to 14I show structures of various 
commands according to embodiments of the present inven 
tion. 

0221 FIG. 13 shows a command associated with a pri 
mary key and database identifier according to embodiments 
of the present invention. The term command includes noti 
fications and messages (which need not necessarily be in a 
“command format) of such changes that may be acted upon 
accordingly by a receiver of the notifications and messages, 
Such as content node. In some embodiments, a command 
includes a primary key that is a monotonically increasing 
value assigned by the processing logic 250 to each incoming 
command. The primary key is unique for all commands 
associated with a user. The primary key may also be unique 
for all commands associated with all users. In some embodi 
ments, a time stamp may be used as the primary key. 

0222. A command is also associated with a database 
identifier. The database identifier may be used as an index or 
key into a database including commands from multiple users 
and multiple content nodes. The database identifier may be 
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a sequentially increasing number assigned by the database 
for each content node and content type being added to the 
database. Therefore, the database identifier may specifically 
identify, either indirectly or directly, a particular user, a 
particular content node or content node type, and a particular 
content type. A content node identifier may include an 
identifier to a particular user device or user account. A 
content type may include an indication of one of a Contact 
item, an Event item, a ToDo item, an Email item, or a 
Library item. The Library item may be used to indicate one 
of ConnectedPhoto metadata, ConnectedDocuments meta 
data, or ConnectedMusic metadata. 

0223) A command may also be associated with a queue 
identifier indicating whether the command may be consid 
ered to reside in an incoming queue 231, an incoming 
in-transit queue 232, an outgoing queue 241, or an outgoing 
in-transit queue 242. The command may be stored as an 
entry into a database, such as a SQL database, with associ 
ated attributes including the primary key, the database 
identifier and the queue identifier. 
0224. A command may contain a command type and a 
payload. The payload may include the content itself. Alter 
natively, the payload may include metadata, or may include 
both the content and metadata. Metadata provides informa 
tion concerning the quality, condition, and other character 
istics of the content. Metadata may include information Such 
as a description of the content, an indication of a change to 
the content, and/or a reference or link to a source of the 
COntent. 

0225. The command type indicates an action taken or 
requested. In some embodiments, the command type indi 
cates one of a list of actions including: add, update, delete, 
get, get-results, query, query-result, query-end and clear. For 
incoming commands, the command type indicates a change 
that has occurred. For example, a command received with an 
add command type means that content was added to the 
content node. For outgoing commands, the command type 
indicates a change that the content router is requesting to 
occur on a content node in order to keep the content node 
synchronized with a content node where a change was made. 
For example, an add command type means that the content 
specified in the payload should be added to the content node. 
0226. A command having a command type of add indi 
cates an action of adding a content record to a content node. 
Payload for an add-command type may include the content 
itself, metadata about the content and/or a reference to the 
COntent. 

0227. A command having a command type of delete 
indicates an action of deleting a content record from a 
content node. Payload for a delete-command type may 
include metadata indicating which content and/or metadata 
about the content to delete. 

0228. A command having a command type of get indi 
cates a request for getting the contents of a record from a 
content node. Payload for a get-command type may include 
metadata indicating which content and/or metadata about the 
content to get. A command having a command type of 
get-result is a command sent in response to a get-command 
type. Payload for a get-result type may include the content 
itself, metadata about the content and/or a reference to the 
COntent. 
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0229. A command having a command type of query 
indicates a request for a category of content from a content 
node. Payload for a query-command type indicates the 
category of content being requested. The query-command 
type may be used to request all content on a content node, 
or all content having particular characteristics. A command 
having a command type of query-result indicates a response 
to a query-command type. Payload for a query-result-com 
mand type includes the requested content or metadata about 
the content. The query-result-commands may be sent by the 
content node 300 in multiple batches; therefore the content 
router 200 may need to given an indication of when the 
query results flow has finished. The final response to a 
query-command type is indicated in a command having a 
command type of query-end. The Payload for a query-end 
command type may be either the final content having the 
particular characteristic or a null thereby indicated an empty 
set response. If no results are found, a query-command type 
results in a query-end-command type indicating a null 
response. If a single result is found, a query-command type 
results in a query-end-command type indicating a matching 
response. If more than one result is found, a query-command 
type results in one or more query-result-command types 
followed by a query-end-command type containing the final 
match. 

0230. A command having a command type of clear 
instructs a content node to remove a category of content 
indicated by the payload. A command having a command 
type of refresh instructs the content router 200 to recover the 
sending content node. Depending on the content node capa 
bilities and the user configuration in the connected data set 
configuration, recovering may be initiated by either sending 
the content node 300 a clear command to clear its content or 
a query command to import all its data. In either case, the 
content node 300 may receive a consolidated content and 
metadata from one or more of the other content nodes, such 
that the content node 300 may be in-synch with connected 
content nodes. 

0231. The command also includes a data payload having 
a format dependent on the command type and data type. The 
data payload may contain a changed record or may contain 
metadata such as a link or reference to the changed record 
located at the data source or at a file relay server. 
0232 FIG. 14A shows a new email to be added to a 
content node. The data payload includes an email ID used to 
uniquely identify an email, a header, the first 2 kilobytes of 
the message and a link to the original message. FIG. 14B 
shows a command to instruct content nodes that an email has 
been read. FIG. 14C shows a command to delete a particular 
email. 

0233 FIG. 14D shows a command to add a new audio 
file. FIG. 14E shows a command to delete an audio file. FIG. 
14F shows a command to add a new appointment. FIG. 14G 
shows a command to add a new contact where the command 
contains the record. FIG. 14H shows a command to update 
a new contact where the command also contains the record. 
FIG. 14I shows a command to add a photo image. The photo 
itself is not included in the command but a reference to the 
original photo image may be included. 
0234 FIGS. 15A to 15C illustrate sequence diagrams 
showing signaling between a user device 310 and store and 
forward logic 210 according to embodiments of the present 
invention. 
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0235 FIG. 15A shows a sequence when a user device 310 
pushes one or more commands to a content router 200. A 
user device 310, such as a mobile PC with wireless capa 
bilities, may undergo a series of changes to content and 
metadata on the user device 310. An application running on 
the user device 310 may periodically prepare a payload 
indicating the changes made during the period or may send 
commands when it regains wireless communications. Using 
a protocol available to the user device 310, the application 
prepares a REQUEST message to put a payload containing 
a list of commands. For example, a user may have received 
a new SMS message AAA. Therefore, the application may 
generate a command indicating that connected content nodes 
may add a new email AAA. Additionally, the user may have 
deleted an event BBB from a calendar and updated a contact 
CCC with a work phone number. In some embodiments, a 
batch of commands is limited to include only commands 
operating on a common command type. For example, a 
batch of commands may include only commands add, delete 
or modify email messages. 
0236 Those skilled in the art will recognize that a user 
device 310 may use various protocols to communication 
with the device gateway 264. Therefore, the REQUEST 
RESPONSE protocol shown here is just one possibility. 
According to embodiments of the invention, each 
REQUEST-RESPONSE is an atomic pair of commands, 
where both commands must occur otherwise neither is 
considered Successful. Unlike other protocols requiring mul 
tiple REQUEST-RESPONSE pairs, each REQUEST-RE 
SPONSE pair according to the present invention may make 
progress in performing a task. For a wireless network, a long 
sequence of pairs of commands has a greater probability of 
incurring and interruption. Therefore, the single REQUEST 
RESPONSE atomic pair provides optimal reliability and 
through put. 

0237) The user device 310 sends the REQUEST to put 
commands contained in its payload to a device gateway 264. 
which models a server to the user device 310. In modeling 
a server, the device gateway 264 acts on and responds to 
requests. The device gateway 264 translates from the device 
protocol to the internally used protocol, and then sends to the 
protocol adapter 268 a REQUEST indicating a put of the 
commands indicated in the payload. Alternatively, if the user 
device 310 was enabled to communicate using the internal 
protocol, the device gateway 264 may be bypassed. 
0238. The protocol adapter 268 converts the payload of 
the REQUEST to a sequence of commands (e.g., add, delete 
and update) and sends (puts) the commands to the store and 
forward logic 210 for the store and forward logic 210 to 
process. The store and forward logic 210 may assign a 
monotonically increasing primary key (e.g., 0010021, 
0010022 and 0010023) to each command for internal use. 
Furthermore for each command, the store and forward logic 
210 may determine a database ID, which may uniquely 
identify a user, a particular content node, and a content type. 
The store and forward logic 210 may also set the queue ID 
for each command to indicate that the command is an 
incoming or outgoing command that is pending execution or 
pending acknowledgement of Successful execution. The 
store and forward logic 210 may perform a conflict check 
against each of the commands associated with the same 
database ID. If no conflicts are detected, the commands may 
be stored in the database with the assigned attributes. If a 
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conflict is detected, the store and forward logic 210 resolves 
the conflict by removing a command existing in the data 
base, discarding the incoming conflicting command, and/or 
aggregating the incoming command and the existing com 
mand. 

0239). In response to successful processing and entry into 
the incoming queue, the store and forward logic 210 returns 
an indication of the success to the protocol adapter 268. The 
protocol adapter 268 in turn responds to the REQUEST from 
the device gateway 264 with a RESPONSE that indicates 
successful forwarding of all of the commands received in the 
REQUEST. Likewise, the successful processing of the 
REQUEST from the user device 310 is acknowledged with 
a RESPONSE indicating the success as shown. A user 
device 310 receiving the RESPONSE indicating a success 
may discard the payload of commands sent earlier. If the 
user device 310 fails to receive this acknowledgement, it 
may resend the payload of commands in a Subsequent 
REQUEST. 

0240. In accordance with embodiments of the present 
invention, a user device 310 completes a transaction with the 
content router 200 with a single REQUEST-RESPONSE 
exchange as shown. A single REQUEST-RESPONSE 
exchange reduces the change of an error interrupting a 
session as would occur if a protocol required multiple 
REQUEST-RESPONSE exchanges to complete a transac 
tion. Each request and response pair is designed to make 
progress, unlike multi-pair protocols. In a multi-pair proto 
col, if a failure occurs midstream all progress is lost and the 
entire session must be restarted from the beginning. There 
fore, in accordance with embodiments of the present inven 
tion, each successful single REQUEST-RESPONSE 
exchange makes progress towards completing a task of 
synchronizing content nodes and any failure effects only the 
single REQUEST-RESPONSE exchange. 

0241 FIG.15B shows a sequence when a user device 310 
requests (pulls) commands from a content router 200 after a 
notification is received. Once the store and forward logic 
210 generates and stores a new outgoing command in the 
outgoing queue 241, the store and forward logic 210 may 
generate a notification signal to instruct the device gateway 
264 to send a notification to the user device 310. The 
notification may or may not include an indication of content 
type. The device gateway 264 may collect a series of 
notifications destined for a content node and may periodi 
cally send the collected notifications to the user device 310, 
for example, using an HTTP packet, if available, or an SMS 
message. Notifications may be sent with little delay if a user 
device 310 is connected to the network 10 with a cost free 
channel or a channel of negligible cost, such as if it is docked 
to a wired internet connection. Notifications may be col 
lected and send at frequent intervals if the user device 310 
is connected with an inexpensive channel. Such as with a 
GPRS connection. Notifications may be collected and sent 
infrequently if user device 310 is connected with an expen 
sive channel. Such as a SMS connection. In some embodi 
ments, the content routing system keeps a flag updated to 
indicate a current connection type, thereby providing a 
variable the content routing system may use when deter 
mining a frequency of updating a content node. 

0242. After receiving the notification, the user device 310 
may begin a single REQUEST-RESPONSE session to get a 
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content type of pending commands. The user device 310 
sends the device gateway 264 a REQUEST to get content 
type of the pending commands. The device gateway 264 
replies with a RESPONSE to the REQUEST including an 
indication of the content type of the pending command. 

0243. After receiving the content type, the user device 
310 may begin a single REQUEST-RESPONSE session to 
get a single command or batch of pending commands. The 
user device 310 sends the device gateway 264 a REQUEST 
to get pending commands. The device gateway 264 converts 
the REQUEST from the external protocol used by the user 
device 320 to a common internal protocol. The device 
gateway 264 sends the REQUEST in the common protocol 
to the protocol adapter 268. The protocol adapter 268 
converts the REQUEST to a call to get commands from the 
outgoing queue 241. The store and forward logic 210 returns 
a payload containing a batch of commands from the outgo 
ing queue 241. Alternatively, the store and forward logic 210 
may return a single command at a time, which the protocol 
adapter 268 may combine to form a batch of commands. The 
protocol adapter 268 may associated an index to indicate the 
number of commands in the payload. The protocol adapter 
268 replies to the REQUEST received from the device 
gateway 264 with a RESPONSE containing the payload of 
commands to be executed by the user device 310. Alterna 
tively, the protocol adapter 268 may reply with a single 
command at a time in each response. The device gateway 
264 forwards the RESPONSE as a RESPONSE to the 
REQUEST originally received from the user device 310. 

0244. Some time after the initial REQUEST-RESPONSE 
exchange, the user device 310 begins a second REQUEST 
RESPONSE exchange to acknowledge successful process 
ing of the commands. The device gateway 264 forwards this 
acknowledgement to the protocol adapter 268, which make 
a call to remove commands from the in-transit queue 242 in 
the store and forward logic 210. The store and forward logic 
210 returns a success. The protocol adapter 268 replies to the 
REQUEST with a RESPONSE acknowledging the success. 
The device gateway 264 then replies to the REQUEST from 
the user device 310 with a RESPONSE acknowledging the 
SCCCSS, 

0245 FIG. 15C shows a sequence of events when a 
content router 200 pushes a command within a notification 
to a user device 310. In some embodiments, the store and 
forward logic 210 includes a low priority and/or relatively 
Small payload within a notification. For example, the fact 
that an email has been read may be considered a low priority 
and small byte sized event. Such low priority events may be 
communicated with a notification layer without the necessity 
of receiving an acknowledgement typically required in a 
REQUEST-RESPONSE exchange. For example, the store 
and forward logic 210 may send a payload including a flag 
showing that content GGG was modified. Command GGG 
may represent an email flag used to indicate that an email 
has changed from an unread state to a read state. The 
payload may also contain an indicator used to identify the 
particular email. Once the notification signal is received, the 
communication between the device gateway 264, the pro 
tocol adapter 268 and the store and forward logic 210 
operate as described above with reference to FIG. 15B. 
Eventually, the device gateway 264 sends a notification 
including the command to the user device 310. 



US 2007/0028000 A1 

0246 FIGS. 16A to 16D illustrate sequence diagrams 
showing signaling between a user account 320 and store and 
forward logic 210 according to embodiments of the present 
invention. 

0247 FIG. 16A shows a sequence when a content router 
200 receives (gets) commands from a user account 320. A 
server gateway 266 may periodically poll the user account 
320 with a single REQUEST-RESPONSE exchange. If not 
changes exist, the user account 320 may send a RESPONSE 
indicated Such. If a change exists, the user account 320 may 
send a RESPONSE indicated the change (not shown). Alter 
natively, some user accounts 320 may initiate a REQUEST 
RESPONSE exchange to indicate that a change exists. The 
server gateway 266 acknowledges that the REQUEST was 
received with a RESPONSE including an acknowledge 
ment. In either case, once the server gateway 266 knows that 
one or more changes exists, the server gateway 266 sends a 
REQUEST requesting the changes. The user account replies 
in a RESPONSE with a payload containing a list commands. 
0248. The server gateway 266 translates from the server 
protocol to the common internally used protocol, and then 
sends to the protocol adapter 268 a REQUEST indicating a 
put of the commands indicated in the payload. Alternatively, 
if the user account 320 was enabled to communicate using 
the common protocol, the server gateway 266 may be 
bypassed. 
0249. The protocol adapter 268 converts the payload of 
the REQUEST to a sequence of commands (e.g., add, delete 
and update) and provides the commands to the store and 
forward logic 210. The store and forward logic 210 pro 
cesses each command. The store and forward logic 210 may 
assign a monotonically increasing primary key (e.g., 
0030021, 003.0022 and 0030023) to each command. Fur 
thermore for each command, the store and forward logic 210 
may determine a database ID, which may uniquely identify 
a user, a particular content node, and a content type. The 
store and forward logic 210 may also set the queue ID for 
each command to indicate that the command is in an 
incoming queue State. The store and forward logic 210 may 
perform a conflict check against each of the commands 
associated with the same database ID. If no conflicts are 
detected, the commands may be stored in the database with 
the assigned attributes. If a conflict is detected, the store and 
forward logic 210 resolves the conflict by removing a 
command existing in the database, discarding the incoming 
conflicting command, and/or aggregating the incoming com 
mand and the existing command. 
0250). In response to successful processing and entry into 
the incoming queue, the store and forward logic 210 returns 
an indication of the success to the protocol adapter 268. The 
protocol adapter 268 in turn responds to the REQUEST from 
the server gateway 266 with a RESPONSE of success. If any 
REQUEST-RESPONSE exchange fails, previous 
REQUEST-RESPONSE exchange will not need to be 
repeated. In some embodiments, the server gateway 266 
exchanges a REQUEST-RESPONSE pair (not shown) with 
the user account 320 to inform the user account 320 that it 
may discard the previously communicated commands. 
0251 FIG. 16B shows a sequence when a content router 
200 pushes (puts) commands to a user account 320. When 
store and forward logic 210 has commands in its outgoing 
queue for a user account 320, it may send a notification 
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signal to the server gateway 266. In some embodiments, the 
notification signal includes a content type. The server gate 
way 266 captures the notifications and models a client when 
sending a REQUEST to get pending outgoing commands. In 
modeling a client, the server gateway 266 initiates request 
on behave of the user account for the outgoing commands. 
The protocol adapter 268 performs a get-commands call to 
the store and forward logic 210, which returns with a 
payload of commands. For example, the payload of com 
mands may include adding a new email DDD, deleting a 
contact EEE, and modifying a title of multimedia content 
FFF. The protocol adapter 268 may assign an index to each 
command and includes the commands in a RESPONSE to 
the previously received REQUEST. The server gateway 266 
then models a client and initiates a REQUEST to put 
commands to the user account 320. The user account 320 
acknowledges receipt of the REQUEST and commands with 
a RESPONSE. The server gateway 266 then initiates a 
REQUEST to acknowledge receipt of the commands by the 
user account 320. The protocol adapter converts the 
acknowledgement into a remove commands call to the store 
and forward logic 210 to remove commands from the 
in-transits queue. The store and forward logic 210 returns a 
Success, and the protocol adapter 268 acknowledges the 
RESPONSE received from the server gateway 266 with a 
RESPONSE 

0252 FIG. 16C shows a sequence of events when a 
server gateway 266 pushes a command in a notification 
message to a user account 320. In some embodiments, the 
store and forward logic 210 may include a low priority 
and/or relatively small payload with a notification. For 
example, the fact that an email has been read may be 
considered a low priority and small byte sized event. Such 
low priority events may be communicated with the notifi 
cation layer without the necessity of receiving an acknowl 
edgement typically required in a REQUEST-RESPONSE 
exchange. In some embodiments, the notification signal 
includes a content type. In response to receiving the initial 
notification signal, the server gateway 266 may model a 
client when sending a REQUEST to get pending outgoing 
commands. In response, the protocol adapter 268 performs 
a get-commands call to the store and forward logic 210, 
which returns with a command. For example, the command 
GGG may include an instruction to modifying a read State of 
an email. The protocol adapter 268 may assign an index to 
the command and includes the command in a RESPONSE to 
the previously received REQUEST. The server gateway 266 
then pushes the command in a notification signal to the user 
account 320. Either before or after sending of the notifica 
tion signal, the server gateway 266 may initiates a 
REQUEST to acknowledge receipt of the commands by the 
user account 320. The protocol adapter converts the 
acknowledgement into a remove command call to the store 
and forward logic 210 to remove the command from the 
in-transits queue. The store and forward logic 210 returns a 
Success, and the protocol adapter 268 acknowledges the 
RESPONSE received from the server gateway 266 with a 
RESPONSE 

0253 FIG. 16D shows an embodiment of the present 
invention with a server gateway 266 positioned behind a 
firewall along with an account server having a user account 
320. If the server gateway 266 is behind a firewall, the 
protocol adapter 268 may be unable to initiate a REQUEST 
RESPONSE exchange and a notification from the protocol 
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adapter 268 would be blocked. In this case, the server 
gateway 266 may initiate each REQUEST-RESPONSE 
exchange. 

0254 Instead of receiving notifications to determine that 
the content router 200 has commands in its outgoing queue 
241, the server gateway 266 may request the notification 
information by initiating a REQUEST-RESPONSE 
exchange. The server gateway 266 may periodically poll for 
commands in the outgoing queue 241 by sending the pro 
tocol adapter 268 a REQUEST indicating a poll for outgoing 
commands is requested. In response, the protocol adapter 
268 calls the store and forward logic 210 to check for any 
outgoing commands for the user account 320. The store and 
forward logic 210 returns an indication of whether or not any 
commands exist in the outgoing queue 241. The protocol 
adapter 268 may respond to the previous REQUEST with a 
RESPONSE including the returned indication of whether or 
not any commands exist in the outgoing queue 241. If a 
command exists in the outgoing queue 241, the server 
gateway 266 may initiate a REQUEST to get the outgoing 
commands as shown in FIG. 16B (with a REQUEST 
RESPONSE exchange) or as shown in FIG. 16C (within a 
notification signal). Additionally, the server gateway 266 
may poll the user account 320 for changes if the user account 
320 communicates commands to the server gateway 266, the 
server gateway 266 may initiate a REQUEST to put the 
commands to the incoming queue 231 as shown in FIG. 
15A. 

0255 While the invention has been described in terms of 
particular embodiments and illustrative figures, those of 
ordinary skill in the art will recognize that the invention is 
not limited to the embodiments or figures described. 
0256. It will be appreciated that the above description for 
clarity has described embodiments of the invention with 
reference to different functional units. However, it will be 
apparent that any suitable distribution of functionality 
between different functional units may be used without 
detracting from the invention. Hence, references to specific 
functional units are only to be seen as references to Suitable 
means for providing the described functionality rather than 
indicative of a strict logical or physical structure or organi 
Zation. 

0257 The invention can be implemented in any suitable 
form including hardware, Software, firmware or any com 
bination of these. Different aspects of the invention may be 
implemented at least partly as computer software or firm 
ware running on one or more data processors and/or digital 
signal processors. The invention may be implemented in a 
computer program product such as a machine readable 
medium (e.g., a memory card, ROM, RAM, PROM, 
EPROM, flash memory, magnetic or optical diskette, CD 
ROM, DVD, and the like). The elements and components of 
an embodiment of the invention may be physically, func 
tionally and logically implemented in any suitable way. 
Indeed, the functionality may be implemented in a single 
unit, in a plurality of units or as part of other functional units. 
As such, the invention may be implemented in a single unit 
or may be physically and functionally distributed between 
different units and processors. 
0258 Although the present invention has been described 
in connection with some embodiments, it is not intended to 
be limited to the specific form set forth herein. Rather, the 
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Scope of the present invention is limited only by the claims. 
Additionally, although a feature may appear to be described 
in connection with a particular embodiment, one skilled in 
the art would recognize that various features of the described 
embodiments may be combined in accordance with the 
invention. Moreover, aspects of the invention describe in 
connection with an embodiment may stand alone as an 
invention. 

0259 Moreover, it will be appreciated that various modi 
fications and alterations may be made by those skilled in the 
art without departing from the spirit and scope of the 
invention. The invention is not to be limited by the foregoing 
illustrative details, but is to be defined according to the 
claims. 

What is claimed is: 
1. A content routing system for routing changes to infor 

mation between a plurality of content nodes, the content 
routing system comprising: 

store and forward logic comprising logic for: 

Selecting a set of destination content nodes based on a 
content type of an incoming command and one or 
more routing parameters; 

modifying the incoming command with data modula 
tion logic operable to generate at least one outgoing 
command, wherein each outgoing command corre 
sponds to a selected content node; and 

a connected data set configuration, coupled to the pro 
cessing logic, for holding the one or more routing 
parameters. 

2. The content routing system of claim 1, wherein the data 
modulation logic comprises at least one data module for 
modifying at least one data field of the incoming data field. 

3. The content routing system of claim 1, wherein the 
incoming command comprises an XML-tree data structure 
schema. 

4. The content routing system of claim 3, wherein the data 
modulation logic is operable to modify a particular node of 
the XML-tree data structure. 

5. The content routing system of claim 1, wherein the data 
modulation logic is operable to divide a first incoming 
command associated with a first content entry into multiple 
outgoing commands associated with second multiple con 
tent entries. 

6. The content routing system of claim 5, wherein the data 
modulation logic is operable to maintain integrity between 
the first content entry and the second multiple content 
entries. 

7. The content routing system of claim 1, wherein the data 
modulation logic is operable to merge multiple first incom 
ing commands associated with first content entries into a 
Smaller number of second commands associated with second 
content entries. 

8. The content routing system of claim 7, wherein the data 
modulation logic is operable to maintain integrity between 
the first content entries and the second content entries. 

9. The content routing system of claim 1, further com 
prising data consolidation logic operable to identify poten 
tial duplicate content entries based on comparing a hash 
value of the incoming command to a list of hash-values. 
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10. The content routing system of claim 9, wherein the list 
of hash-values is generated from content associated with at 
least one content node. 

11. The content routing system of claim 9, wherein the 
hash-value is determined from less than all content of the 
incoming command. 

12. The content routing system of claim 9, wherein the 
hash-value is determined from at least one predefined sig 
nificant property of the incoming command. 

13. A method of routing changes to information between 
a plurality of content nodes and a command memory, the 
method comprising, at a content router: 

receiving an incoming command from a first content 
node: 

storing the incoming command in a command memory; 
Selecting a set of destination content nodes based on a 

content type of the incoming command and a routing 
parameter associated with the destination content node 
and the content type; 

modulating the incoming command based on capabilities 
of the destination content node, wherein the modulating 
comprises modifying at least one data field of the 
incoming command to generate of an outgoing com 
mand. 

14. The method of claim 13, wherein the incoming 
command comprises an XML-tree data structure schema. 

15. The method of claim 14, wherein the field comprises 
a particular node of the XML-tree data structure. 

16. The method of claim 13, further comprising dividing 
a first incoming command associated with a first content 
entry into multiple outgoing commands associated with 
second multiple content entries. 

17. The method of claim 16, wherein integrity is main 
tained between the first content entry and the second mul 
tiple content entries. 

18. The method of claim 13, further comprising merging 
multiple first incoming commands associated with first 
content entries into a smaller number of second commands 
associated with second content entries. 

19. The method of claim 18, wherein integrity is main 
tained between the first content entries and the second 
content entries. 

20. The method of claim 13, further comprising identi 
fying potential duplicate content entries based on comparing 
a hash-value of the incoming command to a list of hash 
values. 

21. The method of claim 20, wherein the list of hash 
values is generated from content associated with at least one 
content node. 

22. The method of claim 20, wherein the hash-value is 
determined from less than all content of the incoming 
command. 

23. The method of claim 20, wherein the hash-value is 
determined from at least one predefined significant property 
of the incoming command. 

24. A computer program product comprising program 
code for use in a content routing system comprising pro 
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cessing logic and a command memory, the content routing 
system for routing changes to information between a plu 
rality of content nodes and the command memory, the 
computer program product comprising: 

program code for receiving an incoming command from 
a first content node: 

program code for selecting a set of destination content 
nodes based on a content type of the incoming com 
mand and a routing parameter associated with the 
destination content node and the content type; 

program code for modifying the incoming command to 
generate at least one outgoing command, wherein each 
outgoing command corresponds to a selected content 
node. 

25. The computer program product of claim 24, further 
comprising program code for at least one data module for 
modifying at least one data field of the incoming command. 

26. The computer program product of claim 25, wherein 
the incoming command comprises an XML-tree data struc 
ture Schema. 

27. The computer program product of claim 26, wherein 
the data modulation logic is operable to modify a particular 
node of the XML-tree data structure. 

28. The computer program product of claim 24, wherein 
program code for modifying is operable to divide a first 
incoming command associated with a first content entry into 
multiple outgoing commands associated with second mul 
tiple content entries. 

29. The computer program product of claim 28, wherein 
integrity is maintained between the first content entry and 
the second multiple content entries. 

30. The computer program product of claim 24, wherein 
the program code for modifying is operable to merge mul 
tiple first incoming commands associated with first content 
entries into a relatively smaller number of second commands 
associated with second content entries. 

31. The computer program product of claim 30, wherein 
integrity is maintained between the first content entries and 
the second content entries. 

32. The computer program product of claim 24, further 
comprising data consolidation logic operable to identify 
potential duplicate content entries based on comparing a 
hash-value of the incoming command to a list of hash 
values. 

33. The computer program product of claim 32, wherein 
the list of hash-values is generated from content associated 
with at least one content node. 

34. The computer program product of claim 32, wherein 
the hash-value is determined from less than all of the 
incoming command. 

35. The computer program product of claim 32, where the 
hash-value is determined from at least one predefined sig 
nificant property of the incoming command. 


