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ABSTRACT

Generally described, the present invention is directed to a

network operating system that provides more effective ways

of leveraging the connectivity of computer networks. In one
embodiment, an XML virtual machine is implemented that
accepts high-level application code written in an XML pro-
gramming language as input. Functionality is provided to
interpret or translate the application code written in an XML
programming language into code that is suitable for execution
across computer platforms. Moreover, the XML virtual
machine supports the Model View Controller (MVC) design
paradigm that facilitates true data abstraction from applica-
tions to a common data model. Multi-instance applications,
with each instance potentially supporting multiple views,
may be created and executed.
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600

Y/

MyTasks.xml

<process name="MyTasks Application" description="" author=
"Application Designer" created="" revised="">
<trigger view="MyTasks" component="buttonl" event="Select"

6mp/ step="2"/>

<step nr="1" name="Initialize Application">
" <operation name="open" value="apps/mytasks_gui.xml">
</operation>
614 ~—"<operation name="action" value="#MyTasks'">
<component name="button2" action="hide" wvalue="'"'>

612

</component> [ 604
</operation>
616,~</operation name="bind" value="data/tasks.xml">
618_~ <component view="MyTasks” name="input3" select=
"/tasks/task/@description"/></component>
</operation>
</step> »
<step nr="2" name="Press Button">
q,ﬁ<operation name="decision" value="MyTasks#inputd'>
622 _-<when test="text() = ''" step="3"/> 606
<otherwise step="4"/>
</operation>
</step>

<step nr="3" name="Add Task">
624\/‘<operation name="'change" value="data/tasks.xml">
626—<store type='"replaceText" select="{{#iMyTasks#input4}" 608
value="/tasks/task/@description"></store>
</operation>
</step>

<step nr="4" name='"Show Button">

628\/~<operation name="action" value="#MyTasks"> 610
<component name="button2" action="show" value="">
</component>

</operation>

Fig.6A4
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650

Y

MyTasks_gui.xml

<view name="MyTasks" title="" author="Application Designer"
created="" revised="" height="500" width="600" opacity="100"
icon="icons/applications/16x16/document_new.png" mode="" loock=""

position="">
<tooclbar name="toolBar3" position="top" dragable="true" tree-
expanded="true">
<buttonbox name="buttonBoxl" text="Button" icon="icons/
objects/24x24/brushl .png">
</buttonbox>
<toolbar>
<panel type="flow" look="back" padding="5" height="100%"
width="100%" tree-expanded="true">
<tabstrip name="tabstrip4" width="100%" height="100%" tree-
expanded="true"> :
<panel name="tabl" type="flow" selected="true" title="Tab 1"
padding="5" height="100%" width="100%" icon="icons/objects/
16x16/brushl.png" tree-expanded="true">
652—<putton name="buttonl" text="ADD TASK" width="100"
default="true">
</button>
654\/~<button name="button2" text="ENTER VALID TASK"” width="100">
</button>
input name="input4" width="140" height="20">
</input>
‘//<input name="input3" width="240" height="80">
</input>
</panel>
<panel name="tab2" type="flow" title="Tab 2" padding="5"
height="100%" width="100%" icon="icons/objects/16x16/
brushl.png'">
</panel>
<panel name="tab3" type="flow" title="Tab 3" padding="5"
height="100%" width="100%" icon="icons/objects/16x16/
brushl.png">
</panel>
</tabstrip>
</panel>

658

656

Fig.6B
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INSTANTIATE APPLICATION _\/1002

OBJECT
OBTAIN RESOURCES 1004
SPECIFIED IN APPLICATION f——
PACKAGE

ADDITIONAL

N INSTANCE
l PERMITTED
2
HANDLE
COMMAND TO
OPEN —~— 1008
APPLICATION
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OBJECT
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1100
S—an
g}éﬁ‘%ﬂg‘?\rg[;f;‘;}g‘}]{} 1104 OPEN PROCESS XML
CONTEXT OF |_—1102 \—] DOCUMENT WITHIN
APPLICATION CONTEXT OF STAND
PACKAGE ALONE APPLICATION

# I

/1106
IDENTIFY FILE TYPE

.

> 1120
‘ v /[

1108
cALL PROCESS |/ REGISTER PROCESS AS
MANAGER LISTENER ON PROCESS
XML DOCUMENT
u2
PROCESS OBJECT INSTANTIATE
o NOTIFIER OBJECTS
» FOR EACH TRIGGER
No 1124
1112 |
GENERATE CALL |
REQUESTING PROCESS REGISTER TRIGGERS
XML DOCUMENT WITH EVENT
MANAGER

1126

PROCES.

DOCUMENT

AVAILABLE FROM

CLIENT-SIDE

CACHE
2

YES

YES

INSTANTIATE NO

NEW INSTANCE
?

1116 NO ¥
\ INSTANTIATE NEW
OBTAIN PROCESS XML INSTANCE OBJECT

DOCUMENT o

N 1128 v

K GENERATE CALL TO
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OBJECT
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Fig.11.
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INDICATES THE FIRST CLIENT IS OFFLINE 3418

; S

THE CLIENT-SIDE COMPONENT OF THE FIRST CLIENT QUEUES SUBSEQUENT
FILE OPERATIONS, AND EACH CHANNEL OF THE FIRST CLIENT CACHES
SUBSEQUENT TRANSACTIONS DESCRIBING MODIFICATIONS TO FILES

3420
FINISH

Fig.34.
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3500
3502 f

START A METHOD OF
COMING BACK ONLINE

Y

THE FIRST CLIENT GOES ONLINE, AND THE CLIENT-SIDE [\3 504
COMPONENT OF THE FIRST CLIENT SENDS A NOTIFICATION
OF AN ONLINE STATE TO THE XML WEB SERVICE

!

THE XML WEB SERVICE INSTRUCTS THE MESSAGE SERVER TO
SEND A NOTIFICATION TO ALL CLIENTS SUBSCRIBED TO THE [\3506
STATUS OF THE FIRST CLIENT THAT THE FIRST CLIENT IS ONLINE

!

THE TRANSACTION MANAGER OF THE FIRST CLIENT f\ 3508
DOWNLOADS ANY CHANGES TO DOCUMENTS CACHED
ON THE FIRST CLIENT FROM THE XML WEB SERVICE

Y

3510
THE TRANSACTION MANAGER OF THE FIRST CLIENT M\
RESOLVES ANY CONFLICTS BETWEEN THE CACHED
DOCUMENTS AND THE DOWNLOADED CHANGES

!

f3512

THE TRANSACTION MANAGER OF THE FIRST
CLIENT TRANSMITS ANY QUEUED FILE
OPERATIONS TO THE XML WEB SERVICE 3514

7 S

THE CLIENT-SIDE COMPONENT OF THE FIRST CLIENT CONTACTS THE
MESSAGE SERVER, THROUGH THE XML WEB SERVICE, TO RE-ADD ANY
MONITORED OBJECTS TO THE SUBSCRIPTION LIST OF THE FIRST CLIENT

!

3516
THE CLIENT-SIDE COMPONENT OF THE [\

FIRST CLIENT SETS A SYSTEM FLAG THAT
INDICATES THE FIRST CLIENT IS ONLINE

3518
FINISH

Fig.35.
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3602 f3600
START A METHOD OF HANDLING A
REQUEST TO CREATE A NEW FILE IN
AN OUTBOX SPECIAL FOLDER

l

3604
A SERVER PROCESS ASSOCIATED WITH AN OUTBOX [\
FOLDER OF A FIRST USER RECEIVES A REQUEST TO
CREATE A NEW FILE IN THE OUTBOX SPECIAL FOLDER

l

f\ 3606
THE SERVER PROCESS EXTRACTS

AN ADDRESS OF AN INTENDED
RECIPIENT FROM THE REQUEST

l

' f\ 3608
THE SERVER PROCESS IDENTIFIES A
SECOND USER ASSOCIATED WITH THE
ADDRESS OF THE INTENDED RECIPIENT

Y

f\ 3610

THE SERVER PROCESS

DETERMINES AN INBOX FOLDER
ID OF THE SECOND USER

l

3612
USING THE INBOX FOLDER ID, THE SERVER PROCESS CREATES [\
A NEW FILE IN AN INBOX FOLDER OF THE SECOND USER, THE
NEW FILE CONTAINING THE DATA INCLUDED IN THE REQUEST

FINISH

3614

Fig.36.
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3710

<CHAT>
<MESSAGE SENDER="USER A™>
Hi, Bob!
</MESSAGE>
3906 <MESSAGE SENDER="USER B>
Hello, Alice, how are you?
</MESSAGE>
<MESSAGE SENDER="USER A"> |
f'm fine, thanks! |
L{ _</MESSAGE> |
</CHAT> 25N

USER A CHAT WINDOW D@E

<User A>: Hi, Bob!
<User B>: Hello,
Alice, how are you?

USER B CHAT WINDOW E@®|
a

<User A>: Hi, Bob!
<User B>: Hello,
Alice, how are you?

NNNNE
AN

(L

\ L
’ ine, thanks!
IIme.lrlle \‘|[SEN\D]¢ | \\ ED )
/
3 704/ 3702 3\706 37}02

Fig.39.
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3710

<CHAT>
<MESSAGE SENDER="USER A™>
Hi, Bob!
</MESSAGE>
<MESSAGE SENDER="USER B™>
Hello, Alice, how are you?
</MESSAGE>
<MESSAGE SENDER="USER A™>
I'm fine, thanks!
</MESSAGE>

3906

3902

N

| USER A CHAT W

<User A>:
<User B>:

<User A>: H
<User B>: H

<User A>: I’m fine,
thanks!

3906

r - { -

1D, | _1GEm) ,
I 3702
3702
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OPENING AN APPLICATION VIEW
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1

APPLICATIONS

US 8,099,671 B2
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BACKGROUND

Computer networks configured to exchange data according
to common protocols, such as the Internet Protocol (“IP”), are
increasingly used to perform a variety of tasks between
remote systems and users. The connectivity available from
computer networks has led organizations and others to seek
solutions that facilitate participation in collaborative pro-
cesses. In this regard, many existing Web sites, network por-
tals, and distributed applications allow users to share data and
collaborate in various ways. To further support collaboration,
resources are increasingly being made available as a service
of the network. Generally described, a service refers to soft-
ware and hardware that are made accessible from the network
separate from any underlying technologies. Accordingly, a
network service is frequently described as being “loosely
coupled” to the operating system, programming languages,
and hardware components on which the service is imple-
mented. As a result, network services may be combined to
create distributed applications even though different under-
lying technologies are utilized.

The term “cloud” computing is frequently used to describe
the trend toward an increasing number of services being made
available from the network. As network bandwidth and con-
nectivity increases, the applications and economic incentives
of cloud computing will only continue to expand. However,
existing systems utilize machine-centric operating systems to
manage communications over the network and facilitate col-
laboration. In this regard, the core design of machine-centric
operating systems was established prior to the development
of computer networks, such as the Internet. As a result, exist-
ing systems are unable to provide a generalized collaboration
environment where network communications are readily
integrated into applications and other aspects of the user
experience. Instead, developing applications that facilitate
sharing and participation in collaborative processes remains
arduous and ultimately too difficult or expensive for most
users and/or organizations. Therefore, a need exists for a
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network operating system that provides more effective ways
of leveraging the connectivity of computer networks.

SUMMARY

Generally described, the present invention is directed to a
network operating system that provides more effective ways
of leveraging the connectivity of computer networks. In one
embodiment, an XML virtual machine is implemented that
accepts high-level application code written in an XML pro-
gramming language as input. Functionality is provided to
interpret or translate the application code written in an XML
programming language into code that is suitable for execution
across computer platforms. Moreover, the XML virtual
machine supports the Model View Controller (MVC) design
paradigm that facilitates true data abstraction from applica-
tions to a common data model. Multi-instance applications,
with each instance potentially supporting multiple views,
may be created and executed.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same become better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 is an exemplary pictorial depiction of a networking
environment that includes a server-side data center and a
plurality of client computers suitable for illustrating aspects
of the present invention;

FIG. 2 is an exemplary pictorial depiction of a networking
environment that includes a server-side data center and a
plurality of client computers suitable for illustrating aspects
of the present invention;

FIG. 3 is a block diagram depicting an exemplary hardware
architecture of a computing device suitable for implementing
aspects of the present invention;

FIGS. 4A-C are block diagrams of exemplary platform
environments in which the present invention may be imple-
mented;

FIGS. 5A-B are exemplary block diagrams of a networking
environment that includes a server-side data center and a
plurality of client computers suitable for illustrating aspects
of the present invention;

FIGS. 6 A-B depict exemplary process and Ul XML docu-
ments associated with an application suitable to illustrate
aspects of the present invention;

FIGS. 7A-C depict an exemplary graphical display that
visually depicts graphical elements of the application
described semantically in FIGS. 6A-B;

FIGS. 8A-B are pictorial depictions of components suit-
able to illustrate aspects of the invention;

FIG. 9 is a block diagram with exemplary managers con-
figured to implement aspects of the present invention;

FIGS. 10A-C are diagrams illustrating an exemplary appli-
cation initiation routine that performs processing to open an
application package in accordance with one embodiment of
the present invention;

FIG. 11 is an exemplary flow diagram that illustrates a
routine for opening and initiating execution of logic defined
in an application’s process code;

FIGS. 12A-B depict an exemplary flow diagram that illus-
trates an execute method configured to cause operations in a
process step to be executed;
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FIG. 13 is a diagram of an open handling routine that opens
an XML document in accordance with one embodiment of
the present invention;

FIGS. 14A-14B are diagrams depicting the interactions
between objects that are suitable for illustrating aspects of the
present invention;

FIGS. 15A-B illustrate an action handling routine that
implements functionality in accordance with one embodi-
ment of the present invention;

FIG. 16 is a diagram of a bind handling routine that binds
an object to the data model in accordance with one embodi-
ment of the present invention;

FIGS. 17A-B are diagrams depicting a trigger activation
routine that causes application code to be executed in
response to a trigger being activated in accordance with one
embodiment of the present invention;

FIG. 18 is a diagram of a decision handling routine con-
figured to perform an evaluation directing the flow of appli-
cation execution based on the evaluation;

FIG. 19 is a diagram of a change handling routine that
depicts the logic for implementing a change operation in
accordance with one embodiment of the present invention;

FIGS. 20A-C are diagrams depicting a data update routine
that implements logic for modifying the contents of the data
model in accordance with one embodiment of the present
invention;

FIG. 21 is a diagram of a set rule routine that depicts the
logic for setting a component’s rules in the data model in
accordance with one embodiment of the present invention;

FIG. 22 is a diagram of a notify listeners routine that
notifies objects of a data update in accordance with one
embodiment of the present invention;

FIG. 23 is a diagram of a rendering routine that causes an
application’s view to be rendered in accordance with one
embodiment of the present invention;

FIG. 24 illustrates a block diagram suitable for describing
the ways in which applications interact with a variety of
exemplary data sources in accordance with one embodiment
of the present invention;

FIG. 25 illustrates a block diagram suitable for describing
an XML file system provided by the present invention.

FIG. 26 illustrates a message server configured to enable
synchronization of data across the network in accordance
with one embodiment of the present invention;

FIG. 27 illustrates additional aspects of the message server
in accordance with another embodiment of the present inven-
tion;

FIGS. 28A-28D illustrate an exemplary method for retriev-
ing a file from a file system provided by the present invention;

FIG. 28E illustrates an excerpt of an exemplary file that is
suitable for illustrating aspects of the present invention;

FIG. 29 illustrates a method configured to retrieve a list of
files in accordance with one embodiment of the present inven-
tion;

FIGS. 30A-30C illustrate a method that creates a file within
the XML file system in accordance with another embodiment
of the present invention;

FIGS. 31A-31E illustrate a method that opens an existing
file within the XML file system in accordance with another
embodiment of the present invention;

FIGS. 32A-B illustrate logic used to initiate startup of the
network operating system on a client computer in accordance
with one embodiment of the present invention;

FIG. 33 illustrates a method for mounting a network oper-
ating system group in accordance with another embodiment
of the present invention;
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FIG. 34 illustrates a method that transitions a client com-
puter from an online state to an offline state in accordance
with one embodiment of the present invention;

FIG. 35 illustrates a method of transitioning a client com-
puter back to an online state when the client computer has
been operating in an offline state in accordance with another
embodiment of the present invention;

FIG. 36 illustrates a method of handling a request to create
anew file in a way that facilitates enhanced network commu-
nications in accordance with another embodiment of the
present invention;

FIG. 37 illustrates a shared data file utilized with a chat
application that is suitable for describing additional aspects of
the present invention;

FIG. 38 illustrates the relationships between components
and the data model utilized by a chat application in accor-
dance with another embodiment of the present invention;

FIG. 39 illustrates the updating of a shared data file used to
facilitate a chat conversation in accordance with another
embodiment of the present invention;

FIG. 40 illustrates an exemplary set of communications
performed in a chat conversation in accordance with another
embodiment of the present invention;

FIG. 41 illustrates the use of a shared data file in perform-
ing collaborative communications between multiple clients;

FIG. 42 depicts the user interface of an exemplary appli-
cation suitable for illustrating additional aspects of the
present invention; and

FIG. 43 depicts the user interface of an exemplary appli-
cation suitable for illustrating additional aspects of the
present invention.

DETAILED DESCRIPTION

Generally described, aspects of the present invention are
directed to a network operating system that facilitates the
development of Internet-scale cloud computing. In an actual
embodiment, the network operating system described herein
utilizes the XML (eXtensible Markup Language) as a gen-
eral-purpose language to represent data. Accordingly, the
examples provided below may describe functionality of the
network operating system with reference to XML structured
data and documents. In this regard, many benefits and syner-
gies are achieved by using XML in this context. However,
those skilled in the art and others will recognize that the
invention may be implemented using other underlying tech-
nologies, or combinations of technologies, than described
herein without departing from the scope of the claimed sub-
ject matter. Moreover, the illustrative examples and descrip-
tions provided below are not intended to be exhaustive or to
limit the invention to the precise forms disclosed. Similarly,
any steps described below may be interchangeable with other
steps or combinations of steps in order to achieve the same
result.

Referring to FIG. 1, the following is intended to provide an
overview of a networking environment 100 that may be used
to implement aspects of the present invention. As illustrated
in FIG. 1, the networking environment 100 includes the
server-side data center 102 that is associated with the servers
104. The networking environment 100 also includes a plural-
ity of client computing devices associated with the user 112
including the mobile phone 106, the desktop computer 108,
and the thin client 110. In this regard, the server-side data
center 102 is configured to communicate with the mobile
phone 106, the desktop computer 108, and the thin client 110
via the network 114, which may be implemented as a local
area network (“LLAN”), wireless network, wide area network
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(“WAN?”), such as the Internet, and the like. As known to
those skilled in the art and others, the computing devices
illustrated in FIG. 1 may be configured to exchange files,
commands, and other types of data over the network 114.
However, since protocols for network communication, such
as TCP/IP, are well known to those skilled in the art, those
protocols will not be described here.

In existing systems, application programs that are available
on one type of computing device may be incompatible with
other types of devices. This incompatibility creates a variety
of problems. For example, on a general-purpose desktop
computer a user may employ a particular application to access
e-mail messages. On the other hand, in order to access e-mail
on a limited resource device, such as a mobile phone, another
program with different features and interfaces may be
required. This incompatibility is not conducive to providing a
common user experience and minimizing the amount of
knowledge and skill required by users. Moreover, excessive
development time is spent creating applications for different
types of devices even though many applications implement
similar or identical functionality.

Aspects of the invention may be applied in a number of
different contexts of which the following is only an example.
In one embodiment, a user’s applications and data are acces-
sible from any type of computing device that is enabled for the
network operating system. As illustrated in FIG. 1, the user
112 may connect to the network 114 from the mobile phone
106, desktop computer 108, or thin client 110. In response,
the server-side data center 102 delivers network operating
system services to the appropriate device. More specifically,
a client-side component of the network operating system and
user applications may be delivered and built each time the
user connects to the network. Applications execute locally at
the appropriate client computing device and not on the servers
104. User data may be cached on a client computing device,
but will persist to storage maintained by the server-side data
center 102. Accordingly, communications between the client
computing devices 106-110 and the server-side data center
102 are principally performed to obtain documents and
update data. In instances when a client goes off-line, the
client-side component of the network operating system
causes data updates to be cached locally. These updates may
be transmitted to the server-side data center 102 and synchro-
nized with any other changes when a network connection is
re-established.

In one embodiment, the network operating system may
provide a common experience across each of a user’s com-
puting devices. In this regard, a common desktop application
is delivered and built on disparate types of computing
devices. From the common desktop, all of a user’s application
programs and data may be accessed. For example, a single
e-mail program enabled for the network operating system
may be accessed by the user 112 from any of the client
computing devices 106-110. Since user data is available from
the server-side data center 102 and applications are delivered
as a service, the same applications (e.g., email program) and
data (e.g., e-mail messages) are available regardless of which
computing device is being used.

The services provided by the network operating system to
a client computing device may be customized depending on
user preferences and other variables. In this regard, configu-
ration data is maintained that defines how or whether certain
network operating system services will be provided. For
example, a user may establish preferences to have different
sets of application programs or data available depending on
the computing device being used. By way of another
example, a user may connect to the network 114 from any
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number of access points including an insecure wireless con-
nection. In this instance, security attributes may be estab-
lished so that certain services and/or data are inaccessible
because of the insecure nature of the network connection. As
will be appreciated by those skilled in the art and others, the
examples provided above represent only some of the ways in
which the network operating system services may be custom-
ized using the present invention.

For the sake of convenience, FIG. 1 illustrates the server-
side data center 102, server computers 104, mobile phone
106, desktop computer 108, and thin client 110, that are
usable in the networking environment 100 in which comple-
mentary tasks may be performed by remote computing
devices linked together through the network 114. However,
the invention may be practiced using other types of client
computing devices such as, but not limited to laptop comput-
ers, tablet computers, personal digital assistants (PDAs),
hybrid/embedded devices, set-top boxes, media centers, and
the like. Moreover, those skilled in the art and others will
recognize that the invention may be implemented in different
network configurations and the example depicted in FIG. 1
should be construed as exemplary.

Now with reference to FIG. 2, another networking envi-
ronment 200 that may be used to illustrate additional aspects
of invention will be described. As depicted in FIG. 2, the
server-side data center 202 may be coupled to a private net-
work such as the enterprise network 204. In this instance,
additional network operating system services are provided to
the clients 206, 208, and 210 directly over the enterprise
network 204. However the network operating system is still
provided and managed from the server-side data center 216,
the enterprise server-side data center 202 is only providing
additional services. Moreover, the same additional services
may be provided to clients outside the enterprise network
204. In this example, the server-side data center 202 provides
network services to the client 212 over the Internet 214.
Similar to the description provided above, the clients 206-212
may be any computing device (mobile phone, desktop com-
puter, thin client, etc.) enabled for the network operating
system. In yet another embodiment, the networked operating
system may be provided directly by the enterprise server-side
data center 202 together with its additional services and may
or may not (depending on security configurations) allow
access to the external server-side data center 216 outside the
enterprise network 204.

The network operating system is configured to facilitate
the participation in collaborative processes. One aspect of the
present invention is an XML file system that serves as a
network repository capable of storing any type of data includ-
ing XML documents, executables, binaries, multimedia, etc.
The XML file system may be implemented at the server-side
data center 202 or 216 to manage physical storage and data
access. In addition to conventional file system functions, the
XML file system allows various types of collaboration spaces
to be defined. In an exemplary embodiment, the types of
collaboration spaces supported include communities, groups,
friends, as well as subsets within existing collaboration
spaces (e.g., sub-communities, sub-groups, etc.). A root
folder in the XML file system serves as a repository for each
community, group, or other collaboration space that is cre-
ated. Moreover, folders and files may be created in the XML
file system that are associated with individual users. In
another embodiment, collaboration between different users
may be dynamically enabled without users sharing a collabo-
ration space in the XML file system. As described in further
detail below, messaging services are provided that allow users
to generate and accept requests to establish a collaboration
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session in real-time. As such, users may establish new rela-
tionships through dynamically created collaboration sessions
even though an existing collaboration space is not defined.

A login prompt may be used to obtain user credentials
when a client-side component of the network operating sys-
tem begins executing. To facilitate transparent access, each
folder associated with the user may be mapped from the XML
file system as a virtual drive on the client. For example, if a
user is a member of a particular group, the group folder will
appear as a virtual drive on the client. In one embodiment, a
folder in the XML file system includes XML structured data
that defines the shared resources of a collaboration space.
These shared resources may include, but are not limited to,
applications, data documents, access and security settings,
user lists, statistics, calendar, and the like. The XML file
system may also in one embodiment act as a repository and
database substitute for one or more applications executing on
the networked operating system environment. As described in
further detail below, data maintained in the collaborative and
distributed database may be automatically synchronized
through transaction management provided by the present
invention. By building applications utilizing this type of col-
laborative and distributed database, applications inherit the
characteristics of the database and may readily share data.

Since the XML file system follows an application program-
ming interface (API), other embodiments of the server-side
data center 202 are possible. In the regard, other XML web
services may be provided from the XML file system are
desirable in cases where abstractions on top of legacy appli-
cations and databases within the enterprise is needed to be
able to provide a new application or integrate multiple appli-
cations executing on the networked operating system envi-
ronment. The customized implementations of the XML file
system may choose the level of functionality to support. For
example, the support for synchronizing transactions may be
omitted in one level of support.

In addition to managing data access, the XML file system
provides an integrated framework for creating and customiz-
ing associations between users in a way that facilitates col-
laboration by synchronizing data and coordinating transac-
tional control of data updates. For example, an application
along with any associated user data may be shared by a group
of users (e.g., friends). Both the functionality of the shared
application and associated user data may be represented in
XML documents maintained in the group or user folder, along
with other resources. The XML file system provides a way for
each user to access the shared application and associated user
data. In this way, the shared application may be delivered and
built on multiple clients with each group member manipulat-
ing data from the same group or user folder.

As mentioned previously, clients outside the enterprise
network 204 (i.e., client 212) may obtain services from the
server-side data center 202. By way of example, an employee
or other user may be provided with access to enterprise
resources when outside the enterprise network 204. Accord-
ingly, the client 212 may be a home computer, mobile phone,
etc. that accesses the server-side data center 202 over the
Internet 214. In this regard, those skilled in the art and others
recognize that the networking environment 200 may include
additional networks than those illustrated in FIG. 2 and the
exemplary configuration in FIG. 2 may be reconfigured in
many ways to deliver both the network operating system and
additional XML file systems in other ways. For example, the
network access point for the client 212 may originate from a
local area network, wireless network, wide area network, etc.
which may also be true for the server-side data centers 202
and 216.
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In another embodiment, clients may obtain different types
of services from the enterprise server-side data center 202
depending on one or more variables. Instead of providing the
same network services to each client, network services may
be configured depending on the location of the client’s net-
work access point. For example, clients 206-210 that connect
directly to the enterprise network 204 may be provided with
additional customized services specific to the enterprise. Out-
side the enterprise network 204, external services may be
delivered to the client 212 (such as a customer, supplier,
employee, or other user related to the enterprise) from the
server-side data center 202. To facilitate the secure delivery of
customized network services, resources may be allocated by
the server-side data center 202 for managing different types
of clients. In the embodiment depicted in FIG. 2, the server-
side data center 202 includes the hard drive 220 that is allo-
cated to provide customized services to the clients 206-210
inside the network. On the other hand, the hard drive 222 may
be allocated to provide the more generalized services to cli-
ents outside the enterprise network, such as client 212. In still
other embodiments, the services that are provided to a client
may depend on other variables such as the user credentials,
settings information, type of client, and the like.

In one aspect, the network operating system provides a
more generalized framework for facilitating real-time “busi-
ness-to-business” collaboration. A collaboration space may
be created that allows different enterprises to access resources
from a common data store. In the example depicted in FIG. 2,
the client 212 may be associated with a partner enterprise to
the enterprise that maintains the server-side data center 202.
In this regard, the clients illustrated in FIG. 2 may be operated
by users or software agents that interact with the server-side
data center 202. When operated by software agents, aspects of
the invention are effectively creating an EDI (Electronic Data
Interchange) relationship in which users associated with the
enterprise or individually automatically share resources uti-
lizing the XML file system. EDI services may also be pro-
vided by the publicly available server-data center 216,
depending on security requirements. A group folder may be
created in the XML file system that stores the shared
resources of the partnership and/or defines the business rules
of the EDI. Similar to the description provided above, the
group folder may be mapped as a virtual drive on the client
212, thereby providing transparent access to shared resources
outside the enterprise network 204. Significantly, the shared
application may be delivered as XML structured data from
the server-side data center 202 to the clients 206-212. Each of
the clients 206-212 builds and executes the application
locally, reporting data updates back to the shared folder or
each users private folders in the XML file system. In one
embodiment, the server-side data center 202 is configured to
manage data update coordination so that multiple clients may
access and update the same documents simultaneously. This
coordination may also be performed by the server-side data
center 216 if the data is stored in its XML file system.

In one aspect, the network operating system allows the
clients 206-212 transparent access to external network ser-
vices. Using an Application Programming Interface (API), a
communicator may be created that abstracts the data handling
functions for interacting with any (internal or external) net-
work service. By way of example, developers can create
communicators that access network servers hosting XML
Web services, REST services, XML resources, RSS or Atom
feeds, text, csv text, HTML (Hypertext Markup Language)
based Web sites, among others. Referring to FIG. 2, an
instance of a communicator or “channel” may be instantiated
by the client 212 in order to interact with the Web service 218.
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In this example, network operating system services are acces-
sible on a public network (i.e., the Internet 214) to the client
212 using the server-side data center 216 as a proxy. More-
over, the Web service 218 is accessible to the clients 206-210
using a communicator even though network operating ser-
vices are being provided from a private network (e.g., the
enterprise network 204). In this instance, the server-side data
center 216 serves as the proxy that manages communications
between the clients 206-210 and the Web service 218.
Accordingly, clients may use communicators to abstract data
handling functions when accessing network services. This
aspect of the invention simplifies application development
since developers are not required to repetitively write code for
managing communications between a client and network ser-
vice.

While FIG. 2 illustrates an enterprise network 204, those
skilled in the art and others will recognize that this is merely
exemplary. Instead, the present invention may facilitate data
synchronization and collaboration in other types of network
environments. Accordingly, the description provided with
reference to FIG. 2 is equally applicable to local area net-
works maintained by homes and small business as well as
wide area networks such as the Internet. Moreover, the
examples provided above are made with reference to a server-
side data center 202 that provides distinct network services to
each client 206-212. However, the server-side data center 202
may be configured to provide network services that comple-
ment the resources or services of another device or network.
For example, a small business may maintain a network drive
for all clients connected to a local area network. The server-
side data center 202 may provide data storage services to
complement the public network drive at the server-side data
center 216 by providing additional storage or allowing
backup in the event that a public network device experiences
a failure. By way of another example, a home network may
utilize a media center computer to provide each local client
access to digital media. To complement the storage of the
media center computer, a virtual drive may be provided by the
server-side data center 202 to all devices connected to the
home network. In this regard the virtual drive may be config-
ured to allocate the actual storage of data between the media
center computer and the server-side data center 202 based on
user preferences or other configuration variables.

Now with reference to FIG. 3, an exemplary hardware
architecture of a computing device 300 will be described.
While FIG. 3 is described with reference to a computing
device that is implemented as a client on the network, the
description below is applicable to servers and other devices
that may be used to implement the present invention. More-
over, those skilled in the art and others will recognize that the
computing device 300 may be any one of any number of
currently available or yet to be developed devices. In its most
basic configuration, the computing device 300 includes at
least one central processing unit (“CPU”) 302 and a system
memory 304 connected by a communication bus 306.
Depending on the exact configuration and type of device, the
system memory 304 may be volatile or nonvolatile memory,
such as read only memory (“ROM”), random access memory
(“RAM”), EEPROM, flash memory, or similar memory tech-
nology. Those skilled in the art and others will recognize that
system memory 304 typically stores data and/or program
modules that are immediately accessible to and/or currently
being operated on by the CPU 302. In this regard, the CPU
302 serves as the computational center of the computing
device 300 by supporting the execution of instructions.

As further illustrated in FIG. 3, the computing device 300
includes a network interface 310 comprising one or more
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components for communicating with other devices over the
network. As described in further detail below, the present
invention may access basic services that utilize the network
interface 310 to perform communications using common net-
work protocols. In the exemplary embodiment depicted in
FIG. 3, the computing device 300 also includes a storage
medium 308. However, as described in further detail below
with reference to FIG. 4A, network operating system services
may be accessed using a computing device that does not
include means for persisting data to a local storage medium.
Therefore, the storage medium 308 depicted in FIG. 3 is
represented with a dashed line to indicate that the storage
medium 308 is optional. In any event, the storage medium 308
may be volatile or nonvolatile, removable or nonremovable,
implemented using any technology capable of storing infor-
mation such as, but not limited to, a hard drive, solid state
drive, CD-ROM, DVD, or other disk storage, magnetic cas-
settes, magnetic tape, magnetic disk storage, and the like.

As used herein, the term “computer readable media”
includes volatile and non-volatile and removable and non-
removable media implemented in any method or technology
capable of storing information, such as computer-readable
instructions, data structures, program modules, or other data.
In this regard, the system memory 304 and storage medium
308 depicted in FIG. 3 are merely examples of computer
readable media.

Suitable implementations of computing devices that
include a CPU 302, system memory 304, communication bus
306, storage medium 308, and network interface 310 are
known and commercially available. For ease of illustration
and because it is not important for an understanding of the
claimed subject matter, FIG. 3 does not show some of the
typical components of many computing devices. In this
regard, the computing device 300 will typically include input
devices, such as a keyboard, mouse, microphone, touch input
device, etc. Similarly, the computing device 300 may also
include output devices such as a display, speakers, printer, etc.
Since all these devices are well known in the art, they are not
described here.

Now with reference to FIGS. 4A-4C, exemplary platform
environments in which the present invention may be imple-
mented will be described. In this regard, FIGS. 4A-4C illus-
trate the hierarchical relationships between platform layers of
the computing device 300 (FIG. 3). More specifically, the
platform layers of the computing device 300 illustrated in
FIGS. 4A-B include a hardware platform 402 on the bottom
layer, a machine operating system 404 in the middle layer,
and an application platform 406 on the top layer. Of course,
those skilled in the art will appreciate that the platform layers
of the computing device 300 depicted in FIGS. 4A-4C are
merely exemplary.

Since an exemplary hardware platform 402 of the comput-
ing device 300 is described above with reference to FIG. 3,
additional description of these components will not be pro-
vided here. However, as illustrated in FIGS. 4A-4B, the com-
puting device 300 may include a machine operating system
404. In this regard, the machine operating system 404 may be
from any of the family of general-purpose operating systems
configured to utilize generic hardware such as Microsoft®
operating systems, Apple® operating systems, UNIX® oper-
ating systems, Linux® operating system, Nokia® Symbian,
Google® Android, etc. Also, the machine operating system
404 may be an operating system configured for specialized
computing devices that use non-generic hardware such as thin
clients, mobile phones, mainframes, supercomputers, and the
like. Moreover, the machine operating system 404 may be an
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operating system designed to satisfy certain configuration
parameters such as real-time operating systems, embedded
operating systems, etc.

One purpose of machine operating systems is to abstract
the details of accessing and otherwise utilizing hardware
resources. Accordingly, machine operating systems almost
all perform basic system tasks, such as managing I/O (input
and output) with hardware components, memory manage-
ment, task scheduling, etc. In this regard, machine operating
systems typically offer services to application programs
through an API. Providing services through an API relieves
application developers from having to manage the implemen-
tation details of accessing or otherwise utilizing an underly-
ing computer platform. Significantly, aspects of the present
invention use the machine operating system 404 only for
basic services that are available from all modern computer
platforms. In this regard, services may be utilized for inter-
facing with networking hardware and establishing a network
connection to communicate using TCP/IP protocols.

In the embodiment depicted in FIG. 4A, the computing
device 300 includes a Web browser 408 that operates at the
top layer of the application platform 406. As mentioned pre-
viously, a client-side component 410 of the network operating
system may be delivered and built on the computing device
300. In the embodiment depicted in FIG. 4A, the client-side
component 410 is configured to operate within the context of
the Web browser 408. In this regard, the Web browser 408
may be any number of browser applications configured to
communicate with remote devices using TCP/IP network
communication protocols including, but not limited to,
Mozilla Firefox®, Microsoft’s Internet Explorer®, and the
like.

In the embodiment depicted in FIG. 4A, the client-side
component 410 does not directly interact with the machine
operating system 404. Instead, basic services used by the
client-side component 410 are accessed from the Web
browser 408. Those skilled in the art and others will recognize
that HTTP is a higher-level protocol than TCP/IP that, among
other things, allows network resources to be requested/re-
ceived using a Uniform Resource Locator (“URL”). Typi-
cally, Web browsers generate HTTP requests in order to
obtain Web pages formatted in a markup language such as the
Hypertext Markup Language (HTML), eXtensible Markup
Language (XML) or formatted using JSON (“Java Script
Object Notation™) and/or JavaScript. In one embodiment, the
Web browser 408 is used by the client-side component 410 of
the network operating system to perform network communi-
cations using HTTP and for rendering graphical elements that
are represented in HTML among other graphical representa-
tion technologies available from Web browsers.

In the embodiment depicted in FIG. 4B, the client-side
component 410 of the network operating system directly
accesses the services of the machine operating system 404
without using a Web browser. Aspects of the present invention
allow applications to be delivered and built on disparate types
of computing devices. However, Web browsers are typically
configured to display graphical elements according to a pre-
determined page size and/or layout. Thus, a general-purpose
Web browser may not be well-suited for rendering graphical
elements on every type of computing device in which the
present invention may be implemented. For example, using a
Web browser to render graphical elements on a small form
factor computing device may be problematic. In this regard,
the pre-determined page size and/or layout anticipated by the
Web browser may be too large or otherwise inappropriate
given the available form factor. As illustrated in FIG. 4B, the
client-side component 410 of the network operating system
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may be implemented as a stand-alone application, or even as
a machine operating system. In this instance, the client-side
component 410 is configured to perform graphical rendering
in a way that is appropriate given the form factor of the
computing device 300 without using a Web browser. More-
over, in this embodiment, basic services for performing net-
work communications are obtained directly from the machine
operating system 404 or built into the client-side component
410.

In the embodiment depicted in FIG. 4C, the computing
device 300 does not include a traditional machine operating
system. Instead, basic services for interacting with the hard-
ware platform 402 are built into the client-side component
410. In this embodiment, the client-side component 410
implements basic system tasks for performing memory man-
agement, task scheduling, and the like. By building these
types of basic machine services into the client-side compo-
nent 410, aspects of the present invention may be readily
customized and deployed for use with particular hardware
platforms. In other words, the client-side component 410 may
be configured to be independent from the services offered by
providers of machine operating systems.

As mentioned above, the client-side component 410 may
be delivered as a network service and built each time a user
connects to the network. As illustrated in FIGS. 4A-4C, the
client-side component 410 is suitable for being implemented
as a stand-alone application, a machine operating system, or
within the context of a Web browser. In all of these embodi-
ments, the server-side data center 202 or 216 may provide
application logic to the client-side component 410 as a ser-
vice of the network. Accordingly, a limited resource comput-
ing device that does not have a storage medium (e.g., hard
drive, CD-ROM, DVD, etc.) may be used to access network
operating system services provided by the present invention.
In this regard, the client-side component 410 and other net-
work operating system data may be cached in system memory
(ROM, RAM, etc.) without persisting to a local storage
medium. As such, applications enabled for the network oper-
ating system do not need to be “installed” on the computing
device 300 as applications may be delivered as a service.

Now with reference to FIGS. 5A-5B, a description of how
a common data model may be used to deliver network oper-
ating system services in accordance with the present inven-
tion is provided. The network operating system supports the
Model View Controller (MVC) design paradigm by separat-
ing application components into different layers, namely, a
model, view, and controller. In an actual embodiment, XML
documents are the “model” or common data format in which
information is represented in the network operating system
environment. Utilizing a common data model (e.g., the XML
document) in this context results in many benefits, as will be
clear in the description that follows.

The networking environment 500 depicted in FIGS. 5A-5B
includes the server-side data center 502 that is communica-
tively connected to each of the clients 504 and 506 via the
network 508. As described above, the client-side component
of the network operating system may be dynamically deliv-
ered to each of the clients 504 and 506 from the server-side
data center 502 or be locally installed on either of the clients
504 and 506. In either instance, the client-side component of
the network operating system provides an XML virtual
machine 510 that interprets or causes XML structured appli-
cations to be executed on the clients 504 and 506. When
delivered as a service, aspects of the present invention cause
the network operating system to “boot” by delivering a pro-
cess XML document from the server-side data center 502. In
this regard, the process XML document provides the logic
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that describes a startup-sequence for the clients 504 and 506.
As described in further detail below, this process XML docu-
ment will be executed within the XML virtual machine 510.
The startup-sequence typically instantiates and manipulates a
set of objects within the XML virtual machine 510 so that
other applications may be executed.

As mentioned above, XML may serve as the “model” or
common format in which application logic and other data is
represented in the network operating system environment, but
other models, data formats, and structuring of data may also
be utilized to implement the invention. In one embodiment,
XML programming languages that allow applications to be
designed at a very high level of abstraction are provided.
Those skilled in the art and others will recognize that XML is
ahighly structured, transferable, and transformable language.
As such, representing application logic at a high abstraction
level as XML structured data is memory efficient and results
in compact applications. Specifically, a platform is provided
for executing an application’s logic represented in one or
more well-formed XML documents. Application functional-
ity is separated according to the MVC design paradigm
thereby eliminating repetitive tasks performed by traditional
systems. Accordingly, transmission of application code from
the server-side data center 502 to the clients 504 and 506
consumes a small amount of bandwidth when compared to
existing systems. Moreover, execution of the application
logic using the present invention, either eliminates or greatly
reduces the bandwidth consumed, since application logic is
executed using the XML virtual machine 510. Interactions
that would have otherwise been handled by performing a
server “round-trip” is handled directly on the clients 504 or
506 without having to request or otherwise rely on network
communications with the server-side data center 502.

One aspect of the present invention is an XML virtual
machine 510 that provides the clients 504 and 506 a platform
and application programming interface (API) for executing
and developing applications. In this regard, high-level appli-
cation code written in an XML programming language is
accepted as input and executed locally on the clients 504 and
506 by the XML virtual machine 510. Functionality is pro-
vided to interpret or translate the high-level application code
into interpretable code, byte code, or other lower-level lan-
guage that is suitable for execution on any platform. In this
regard, the XML virtual machine 510 abstracts the underlying
computer platform and network resources so that applications
may be executed in the same way on any type of computing
device. Accordingly, the XML virtual machine 510 is com-
pletely platform and hardware independent and can be imple-
mented using any number of currently available, or yet to be
developed, programming technologies, such as, but not lim-
ited to, Microsoft NET®, Java, C, C++, HTML, JavaScript,
AJAX, Adobe® Flash, Microsoft® SilverLight, and the like.

Now with reference to FIG. 5B, additional aspects of how
the common data model is used to provide network operating
system services will be described. The networking environ-
ment 500 illustrated in FIG. 5B includes the same compo-
nents described above with reference to FIG. 5A. In addition,
an XML file system 512 that provides storage and other
network services is depicted on the server-side data center
502. Accordingly, data maintained in the XML file system
512 may be accessed by the clients 504 and 506 when net-
work operating system services are being provided. In one
aspect, the present invention implements a client-side cache
514 for managing the storage of documents and other run-
time data on the clients 504 and 506. As illustrated in FIG. 5B,
data stored in the client-side cache 514 is readily accessible to
the XML virtual machine 510. In one embodiment, the client-
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side cache 514 enables the XML virtual machine 510 to
continue executing applications even if the network connec-
tion is temporarily unavailable or if a client 504 or 506 goes
offline. By way of example, applications executing on the
clients 504 and 506 may continue to operate offline when a
user is on a bus, train or airplane and other instances when a
network connection is unavailable. As described in further
detail below, data changes performed on the clients 504 or
506 will be synchronized to the XML file system 512 residing
on the server-side data center 512 when the network connec-
tion is re-established.

As mentioned previously, the present invention provides
programming languages that allow developers to create appli-
cations at a very high level of abstraction. In an actual
embodiment, these programming languages include a pro-
cess XML language, a user interface (“UI”) XML language,
and an application package XML language. Application code
written in these programming languages is suitable to be
represented as XML structured data and stored in XML docu-
ments. In the example illustrated in FIG. 5B, the process
XML document 516, user interface XML document 518, and
application package XML document 520 contain application
code written in these programming languages, respectively.
Accordingly, an application may be defined in one or more
XML documents maintained at the server-side data center
502. Moreover, an application will typically utilize data docu-
ments such as the data XML document 522 also maintained at
the server-side data center 502. These XML documents 516-
522 may be accessed by the clients 504 and 506 on demand so
that applications may be executed using the XML virtual
machine 510.

In one embodiment, the Ul XML language is used to define
an application’s “view” in the MVC design paradigm. In this
regard, markup languages were originally developed to
describe the layout of Web pages in a way that allowed the
pages to be rendered by a Web browser. The structured nature
of markup languages allowed the appearance of Web pages to
be modified without affecting the implementation of the Web
browser or other related technologies. In this regard, the Ul
XML language defines the appearance and behavior of an
application user interface in accordance with a schema that
complies with XML syntax. Using the Ul XML language,
developers may create applications with the same graphical
elements (i.e., menus, toolbars, drop-down boxes, and the
like) that exist in common desktop applications. Since the
user interface logic does not depend or describe its implemen-
tation in a way that is specific to a particular client, the Ul
XML language is suitable for developing user interfaces that
work across different platforms. Moreover, user interfaces
and behavior described in the Ul XML language describe
these elements in accordance with the XML syntax at a
higher-level of abstraction in accordance with the MVC
design paradigm. Accordingly, user interfaces and behavior
described in the Ul XML language may be readily trans-
formed or otherwise modified without impacting other sys-
tems. This ability to transform the Ul XML language allows
an application’s functionality to be customized based on one
ormore variables. For example, a transform may be defined to
reduce or eliminate certain aspects of application functional-
ity depending on the type of device being utilized. By way of
another example, a transform may be defined on the Ul XML
language to remove or restrict certain functionality depend-
ing on user access credentials or for localizing applications
for different languages and/or markets.

In one embodiment, the process XML language is used to
define the “controller” component of an application in the
MVC design paradigm. In this regard, the process XML
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language allows developers to describe the logic of an appli-
cation in a set of process steps. Each process step contains one
or more operations that are approximately equivalent to
instructions and/or method calls in a traditional programming
languages. In the MVC design paradigm, the process XML
language is used as the controller or glue between the user
interface (“View”) logic and the XML data (“Model”).
Accordingly, aspects of the invention enable application logic
to be described using the process XML language at a higher
abstraction level than traditional programming languages. In
this regard, the user interface logic (“View”) is completely
separated from the process XML logic (“Controller”). As a
result, the data handling functions that comprise the majority
of application code in existing systems is automatically
handled by the present invention. Specifically, using the pro-
cess XML language, intelligent data bindings may be defined
between the view logic and the data model. When executing
applications, the I/O (input and output) or data, both to the
data model cached locally and to the remote file system and
any remote listeners is automatically handled by the network
operating system. Since developers do not provide data han-
dling logic, the applications created using the process XML
language are frequently developed more quickly and include
less application code than traditional applications. As
described in further detail below, the process XML language
provides other advantages for creating and distributing appli-
cations in a networking environment, than described with
reference to FIG. SA.

In addition to the languages described above, an applica-
tion package XML language is also provided. The application
package XML language allows developers to describe the
resources utilized by an application. In this regard, the Ul and
process XML documents that define an application’s func-
tionality may be identified in an application package. Logic in
the application package allows developers to package and
distribute an application’s resources to clients in a controlled
and secure manner. Moreover, the use of an application pack-
age allows multiple instances of the application to be created
in a way that enables the XML virtual machine 510 to ensure
intra-application security.

In one aspect, the present invention provides improved
methods for distributing applications and software updates in
a networking environment. Using existing systems, an appli-
cation is typically distributed in an executable format that,
when executed, “installs” the application on a computing
device. An executable typically represents application logic
as machine instructions that are specific to a particular com-
puting platform. As such, an executable is a memory-inten-
sive representation of an application that consumes a rela-
tively large amount of bandwidth when distributed in a
networking environment. Accordingly, complex and
resource-intensive systems are required to distribute and
install applications using executables.

Improved methods for distributing applications and soft-
ware updates over the network are integrated into the network
operating system. An application enabled for the network
operating system is not “installed” on a client computing
device using an executable. Instead, the present invention
allows application logic to be represented entirely in XML
structured data. When a client establishes a network connec-
tion, an application as represented in one or more XML
documents, may be obtained automatically from a service
provider, which may provide the XML documents from a
local/private server or any Web server on the Internet. Accord-
ingly, an integrated framework is provided for distributing
applications to clients over the network. In addition, updates
such as “patches” and more recent versions of an application

20

25

30

35

40

45

50

55

60

65

16

may also propagate automatically to clients. In this regard,
since application logic is represented in XML documents that
are distributed automatically as a network service, any modi-
fications to the XML documents will also propagate to clients
as a network service. In the network operating system envi-
ronment application logic may be synchronized across the
network the same was as any other data. Since the XML
virtual machine 510 and XML file system 512 are configured
to synchronize data and coordinate changes through transac-
tion handling, changes to applications may be performed in
real-time and in a collaborative manner. For example, an
application maintained in a shared folder may be opened and
executed on the client 504. Concurrently, a user associated
with the client 506 could modify the application logic and
have the changes automatically propagated to the client 504.
The changes to application logic would be implemented in
real-time and therefore be readily observed on the client 504
as the changes occur.

As described above with reference to FIGS. 5A-5B, an
XML representation of an application is distributed by a
service provider and executed on the client using the XML
virtual machine. As a result, clients may continue to execute
applications “off-line” without requiring runtime processing
from the server-side. In this instance, XML documents rep-
resenting one or more applications are cached in memory on
the client. The XML virtual machine may access these cached
XML documents to continue executing applications without
having a network connection. Moreover, data updates that
occur off-line are also cached and transmitted to the server-
side when a network connection is re-established.

Significantly, the present invention provides network oper-
ating system services without requiring virtualization of com-
puter resources. In this regard, a number of technologies for
virtualizing computer resources are being used to provide
network services, such as “cloud” storage. Generally
described, these virtualization technologies abstract com-
puter resources that are typically associated with a server
away from underlying platforms. The abstracted resources
aretypically encapsulated in a platform independent interface
suitable to be accessed from the network. In this regard, the
computer resources that may be abstracted include applica-
tions, hardware, desktops, machine operating systems, and
the like. However, complex systems are required to abstract
and encapsulate computer resources in this way. For example,
avirtualization layer that simulates a servers underlying hard-
ware and has at least some impact on performance may be
required. Moreover, these virtualization technologies pro-
mote a server-centric model that shifts the location where
resources are implemented and executed to the server-side.
The increased processing and other demands placed on serv-
ers may not scale when network services are provided to an
ever-increasing number of users. Accordingly, using virtual-
ization technologies to implement a network service may
require a consolidated data center in which an oversupply of
servers are needed to ensure that the service is available on
demand. Moreover, virtualization technologies consume
more bandwidth and result in a slower user experience since
application logic is executed on a remote server and not
directly on the client. This will also result in applications
being unavailable when the network connection goes down or
the client goes “off-line.”

Implementing a network service without virtualizing com-
puter resources provides numerous advantages. In this regard,
a more-scalable architecture is provided that allows network
services to be accessed by an ever-increasing number of
users. By using the XML virtual machine to execute applica-
tions on the client-side, processing and other resources from
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clients are more fully utilized. This implementation provides
a more-scalable architecture because a natural correspon-
dence exists between the number of users accessing a network
service, bandwidth usage, processing power, and other
resources that are available from the client-side to execute
application logic. In addition to being more-scalable, execut-
ing applications on the client using the XML virtual machine
allows application functionality to be readily accessed by
users while “off-line.” When the client goes “off-line,” appli-
cations and user data represented in one or more XML docu-
ments may be stored in a client-side cache. Accordingly, all of
an application’s logic is available and may be executed using
data in the cache, regardless of whether an active network
connection exists. However, an application may not access
network resources while “off-line” and may need to reestab-
lish a network connection to implement all of the applica-
tion’s functionality. In contrast, the “off-line” functionality
provided when a network service is implemented using vir-
tualization technologies is more limited. In this regard, some
existing network services implement an “oft-line” mode
where users may continue to interact with an application used
to access a network service. However, to provide this func-
tionality, an executable or other lower-level representation of
an application is distributed and installed on the client. When
the user is “off-line,” this lower-level representation of the
application is executed locally. However, installing applica-
tions on the client to provide this “off-line” functionality may
not be feasible or convenient. For example, a limited resource
computing device may not have sufficient storage to “install”
an executable or other lower-level representation of an appli-
cation. More generally, the functionality available on a client
without an active network connection is limited to those
applications that have been installed locally. However, a cli-
ent may not have sufficient computing resources (storage,
memory, bandwidth, etc.) to install each desired application
using an executable or other low-level representation of the
application.

In one aspect, the present invention implements improved
methods for accessing network services over mobile, wire-
less, or unstable networks. Those skilled in the art will rec-
ognize that mobile or wireless networks are less reliable and
bandwidth-constrained when compared to wired networks.
Providing programming languages that represent application
logic as XML structured data and an XML virtual machine
510 configured to automatically perform repetitive data han-
dling functions results in highly compact and memory effi-
cient applications. In this regard, applications are able to
share the functionality of the XML virtual machine 510 and
reuse objects when implementing application logic. As a
result, distributing applications enabled for the network oper-
ating system consumes a fraction of the bandwidth when
compared to existing application distribution systems. More-
over, the present invention allows XML representations of
applications to be maintained in a client-side cache and
executed locally using the XML virtual machine 510. Since
application logic and data may be cached locally, a continu-
ous network connection may not be necessary. Instead, the
present invention is well-suited to providing access to net-
work services over wireless networks in which network con-
nectivity may be intermittent. Moreover, since applications
are executed locally, more reliable network services with a
certain guarantee of service may be provided. For example,
the present invention is also well-suited for providing enter-
prise class applications as a service of the network such as the
Internet. In this regard, those skilled in the art and others will
recognize that enterprise class applications may need to be
accessible within the enterprise even if the network connec-
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tion is temporarily unavailable or the quality of the Internet
connection affects access to the network. The invention
described herein solves this problem.

Client-Side Component of the Network Operating System

Those skilled in the art and others will recognize that XML
is an extensible language that provides a foundation for the
creation of additional languages. An XML document has a
hierarchical tree structure, where the root ofthe tree identifies
the document and other nodes in the document are descen-
dents of the root. Nodes of the tree may contain document
content, as well as data that defines the structure of the con-
tent. In addition to the syntax imposed by XML, elements and
their associated attributes may be defined to establish other
semantic constraints on the structure and content of an XML
document. In one embodiment, the present invention imple-
ments schemas or vocabularies that apply additional semantic
constraints over those imposed by XML. Using the XML
languages provided by the present invention, developers rep-
resent an application’s logic semantically in accordance with
the MVC design paradigm.

The MVC design paradigm was originally implemented in
the Smalltalk programming language and has since been used
in other engineering contexts. Those skilled in the art and
others will recognize that the MVC design paradigm is
merely descriptive of a general architectural paradigm for
separating functionality into layers. As such, the MVC design
paradigm is implemented in various contexts to eliminate
dependencies and support platform independence. By way of
example, existing systems used to store HTML data, gather
dynamic Web page content, and render a Web page are fre-
quently described as adhering to the MVC design paradigm.
Moreover, development environments used to create Web
applications may separate functionality into layers according
to the MVC design paradigm. In this context, the graphical
user interface of the Web application is separated from a data
model to support more modular application development.
However, these existing systems implement functionality and
utilize an underlying data model that is more domain-specific
than the present invention.

Unlike existing systems, aspects of the present invention
allow any type of application to be created in accordance with
the MVC design paradigm. In other words, separation of the
user interface from logic and the underlying data model is not
limited to Web applications, Web pages, and the like. Multi-
instance applications, with each instance potentially support-
ing multiple views, may be created and executed in the net-
work operating system environment. Moreover, these
application instances each manipulate data from a common
data model. Since developers do not have to provide program
logic for setting and accessing data from the data model and
managing synchronization and data exchange between the
user interface (“View”) and data model, application develop-
ment is greatly simplified.

Now with reference to FIGS. 6 A-B, exemplary process and
UI XML documents that may be used to illustrate aspects of
the present invention will be described. FIG. 6A depicts an
exemplary process XML document 600 (“MyTasks.xml”)
that provides a semantic description of the controller logic for
a “MyTasks” application. As illustrated in FIG. 6A, the
MyTasks.xml document 600 includes a trigger 602 defined in
the “<trigger>" XML element. This trigger 602 maintains a
set of attributes including the view, component, event, and
step attributes. Moreover, application logic written in the
process XML language may define a sequence of process
steps. In this example, the MyTasks.xml document 600
includes a plurality of process steps 604-610 delineated by
the “<step>" XML elements. As depicted in FIG. 6A, two
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attributes are associated with each of the process steps 604-
610 including a number attribute (“id”") and a name attribute.
Within each process step, at least one operation is defined. By
way of example, the process step 604 associated with the
name attribute “Initialize Application” includes three opera-
tions 612-616 that are delineated by the “<operation>" XML
elements.

FIG. 6B depicts an excerpt from a Ul XML document
(“MyTasks_gui.xml”) that provides a semantic description of
exemplary “view” logic for the MyTasks application. As
illustrated in FIG. 6B, the MyTasks_gui.xml document 650
includes two button components 652 and 654 delineated by
the “<button>" XML elements. Each button element main-
tains a set of attributes including the name, text, and width
attributes. Moreover, the MyTasks_gui.xml document 650
includes two input components 656 and 658 delineated by the
“<input>" XML elements. In this example, the input compo-
nents 656 and 658 maintain a set of attributes that include the
name, width, and height attributes.

Upon launching an application, aspects of the invention
that serve as the XML virtual machine may begin interpreting
the MyTasks.xml document 600. In one embodiment, appli-
cation logic is interpreted one statement at a time, rather than
being compiled in its entirety before execution. However,
application code written in the XML languages provided by
the present invention may be compiled into executable code
or byte code in alternative embodiments. In this example, the
MyTasks.xml document 600 defines a trigger 602 that iden-
tifies a process step 606 in the application that will be
executed in response to activation of the trigger. Initially,
when the XML virtual machine begins interpreting the
MyTasks.xml document 600 in an illustrative embodiment,
the trigger 602 is registered so that flow may be directed to the
appropriate process step 606 in response to the activation of
the trigger.

In the MyTasks.xml document 600 depicted in FIG. 6A,
the application defines a default process step 604 with the
name attribute “Initialize Application” where flow of control
is directed once any triggers in the application have been
registered. The operation 612 with the name attribute “open”
and the value attribute “apps/mytasks_gui.xml” is the first
operation in the Initialize Application process step 604 that
will be executed. Execution of the Open operation 612 will
cause the view of the application as represented in the
MyTasks_gui.xml document 650 to be interpreted and ren-
dered on a computer display. In this example, the applica-
tion’s view includes the components 652-658 defined seman-
tically in the MyTasks_gui.xml document 650. Once the
MyTasks_gui.xml document 650 has been opened, execution
will proceed to the operation 614 with the name attribute
“action” and the value attribute “#MyTasks.” Generally
described, execution of the Action operation 614 will cause
the button component 654 to be hidden from view once the
MyTasks_gui.xml document 650 has been opened.

With reference now to FIGS. 7A-C, an exemplary graphi-
cal display 700 associated with the MyTasks application will
be described. Specifically, the graphical display 700 depicted
in FIG. 7A includes the Buttonl component 702 and the
Button2 component 704 that correspond to the button com-
ponents 652-654 described semantically in the MyTasks_
guixml document 650. Moreover, the graphical display 700
includes the Input3 component 706 and Input4 component
708 that correspond to the semantic description of the input
components 656-658, respectively. In this regard, the graphi-
cal display 700 in FIG. 7A represents a visual depiction of the
MyTasks_gui.xml document 650. As mentioned above, the
process logic in the MyTasks.xml document 600 causes the
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Button2 component 704 to be hidden when the MyTasks
application is launched. Accordingly, the Button2 component
704 is depicted in FIG. 7A with a dashed line to indicate that
the Button2 component 704 is not initially visible to the user
subsequent to execution of the Action operation 614.

Generally described, the exemplary MyTasks application
is configured to display a list of task descriptions that are
stored in a “data/tasks.xml” document. More specifically,
task descriptions will be displayed in the Input3 component
706 by default when the application is launched. In one
aspect, a user may modity the task list by directly interacting
with the Input3 component 706 and changing entries of task
descriptions. In another aspect, the user may input a new task
description into the Inputd4 component 708 and activate the
trigger 602 by selecting the Button1 component 702. If valid
input is received, the new task description is added to the
“data/tasks.xml” document and automatically displayed by
the Input3 component 706. Conversely, if the user merely
selects the Buttonl component 702 without providing any
input into the Input4 component 708, the Button2 component
704 is displayed with text requesting that the user provide a
valid task description.

With reference againto FIG. 6A, the operation 616 with the
name attribute “bind” and the value attribute “data/tasks.xml”
is the next operation in the Initialize Application process step
604 that will be executed. Generally described, execution of
the Bind operation 616 will cause the Input3 component 706
to become a data binding component that displays a list of
task descriptions. Specifically, the logic provided in the Bind
operation 616 and its associated component element 618,
binds the Input3 component 706 to a list of task descriptions
represented in the “data/tasks.xml” document. In this
example, a task is defined within the “data/tasks.xml” docu-
ment as an element that maintains an associated description
attribute. The logic provided by the component element 618
selects the “/tasks/task/@description™ attribute of the task
element for display in the Input3 component 706. As depicted
in FIG. 6A, the Bind operation 616 is the last operation in the
Initialize Application process step 604 that is executed.

With reference now to FIG. 7B, the state of the graphical
display 700 subsequent to execution of the Bind operation
616 will be described. In this regard, FIG. 7B depicts the same
button and input components 702-708 described above with
reference to FIG. 7A. However, after execution of the Bind
operation 616, a set of task descriptions is displayed by the
Input3 component 706. Specifically, the Input3 component
706 is bound to description attributes oftask elements defined
in the “data/tasks.xml” document. Accordingly, after the
Bind operation 616 is executed, the values assigned to these
task descriptions, as represented in the data model (e.g., docu-
ment object 710), are displayed in the Input3 component 706.

Upon execution of the Initialize Application process step
604, execution of application logic represented in the
MyTasks.xml document 600 does not resume until the acti-
vation of a trigger. In this example, the MyTasks application
defines a trigger 602 that directs the flow of execution to
process step “2” when the Buttonl component 702 experi-
ences a “select” event. Accordingly, the trigger 602 directs the
flow of execution to the process step 606 entitled “Press
Button” in response to the Buttonl component 702 being
selected. In this example, the operation 620 with the name
attribute  “decision” and the value attribute
“#MyTasks#inputd” is the operation in the Press Button pro-
cess step 606 that will be executed. Generally described, the
decision operation 620 performs a test to determine whether
any text was entered into the Input4 component 708 when the
Buttonl component 702 was selected. The logic within the
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“<when>" XML element 622 directs the flow of execution to
process step 608 if text was entered into the Input4 compo-
nent 708 when the Buttonl component 702 was selected.
Conversely, the decision operation 620 causes the flow of
execution to proceed to process step 610 if text was not
entered in the Input4 component 708 upon the occurrence of
the trigger.

In the example when text is entered into Input4 component
708, the flow of execution proceeds to the “Add Task” process
step 608. Accordingly, the operation 624 with the name
attribute “change” and the value attribute “data/tasks.xml” is
the next operation that would be executed. The change opera-
tion 624 will cause a new task element with the appropriate
description attribute to be added to the “data/tasks.xml” docu-
ment. In this regard, the “<store>" XML element 626 within
the change operation 624 provides logic that causes the text
entered in the Inputd component 708 to be stored in the
description attribute of the new task.

With reference now to FIG. 7C, the state of the graphical
display 700 subsequent to the entry of a new task and the
selection of the Button1 component 702 is depicted. Accord-
ingly, FIG. 7C includes the same components 702-708 as
described above with reference to FIGS. 7A-B. In this
example, the user entered the text “purchase airline tickets”
into the text area provided by the Input4 component 708. The
change operation 624 described above would add the value of
this task description to the “data/tasks.xml” document utiliz-
ing the corresponding document object 710. Since the Input3
component 706 is bound to a selection of description
attributes affected by the change operation 624, the list of
tasks displayed by the Input3 component 706 is updated
automatically in the document object 710. In other words,
developers do not have to provide application code for han-
dling the synchronization and exchange of data between the
Input3 component 706 and the data model.

In one aspect, the user may input a new task description
into the Inputd4 component 708 and update the task list by
selecting the Buttonl component 702. Moreover, a user may
modify the task descriptions by directly interacting with
entries that are displayed in the Input3 component 706. By
way of example, the user may delete the “update presenta-
tion” task description currently being displayed by the Input3
component 706. Since a data binding is defined, the deletion
would automatically propagate to the “data/tasks.xml” docu-
ment. In this regard, one or more components and/or local or
remote applications may be data listeners to the task descrip-
tions represented in the “data/tasks.xml” document. Each of
the local data listeners would be notified and updated by the
document object 710 in response to the “update presentation”
task being deleted. Significantly, the deletion of the task
would propagate to the underlying data model and then to any
data listeners over the network without a developer being
required to provide application code for handling the data
update.

With reference again to FIG. 6A, if text is not entered into
Input4 component 708 when the Buttonl component 702 is
selected, the flow of execution proceeds to the “Show Button”
process step 610. Accordingly, the operation 628 with the
name attribute “action” and the value attribute “#MyTasks” is
the next operation that would be executed. Generally
described, execution of this Action operation 628 will cause
the Button2 component 704 that was initially hidden (FIG.
7A) to be displayed. As represented in the MyTasks_gui.xml
document 650, the Button2 component 704 would display a
text string requesting that the user provide a valid task
description.
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As will be appreciated by those skilled in the art and others,
the MyTasks application described with reference to FIGS.
6A-7C is a highly simplified example of one application that
may be used illustrate aspects of the present invention. Addi-
tional applications may be created and executed in the net-
work operating system environment. Accordingly, the
examples and description made with reference to the
MyTasks application herein should be construed as exem-
plary.

Programming languages used to develop modern applica-
tions (C++, Java™, Python™, etc.) have user interface com-
ponents created and maintained in the process logic of the
application. In other words, a developer explicitly provides
the logic to create and set data on user interface components.
Moreover, developers provide code in the application’s pro-
cess logic to listen for events and otherwise monitor data
changes that affect the application’s user interface. These
event listeners cause data changes to be persisted between the
user interface of an application and a domain-specific data
structure. However, the input/output between an applica-
tion’s user interface to the data structure is not standardized.
Accordingly, presentation of data on the application’s user
interface is tightly coupled to how the data is represented in
the data structure. As a result, modifications to the user inter-
face or the data structure may affect other aspects of the
application.

The network operating system provides an automated
communication path between the user interface and an under-
lying data model to support execution of applications that
adhere to the MVC design paradigm. In this regard, develop-
ers may define a binding between a user interface component
(sometimes referred to as a control or widget in other pro-
gramming environment languages) and the underlying data
model. Data updates to the underlying data model and coor-
dination of data changes that affect components are managed
by the present invention, thereby simplifying application
development. As the description of the MyTasks application
illustrates, if data represented in an underlying data document
changes, any data bound components listening for changes
are automatically updated. More specifically, the bind opera-
tion 616 in the MyTasks application provides the application
logic for binding the Input3 component 706 to a set of data
represented in the data model. Accordingly, the deletion of the
“update presentation” task from the underlying data XML
document is automatically propagated to listening compo-
nents, including applications and components that are listen-
ing to the same document over the network. Moreover, data
bindings facilitate exchange and synchronization of data
between user interface components both locally and among
remote clients over the network. By way of example, the
change operation 624 in the MyTasks application provides
the application logic that updates the underlying data docu-
ment with text entered into the Input4 component 708. In this
regard, the Input3 component 706 is listening for changes to
the underlying data document. The visual display of the
Input3 component 706 is updated when text is entered into the
Input4 component 708 and the trigger 602 is activated. In this
example, the combination of data binding and the change
operation 624 enables the synchronized exchange of data
between user interface components.

As described above, a binding provides an automated com-
munication path between a user interface component and the
underlying data model. In one aspect, the present invention
allows binding to be shared and/or transferred between user
interface components. This aspect of the present invention is
represented in FIGS. 8A-B, which depict components 800
and 850 that are configured to display different visual repre-
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sentations of a user’s file system folders. Specifically, FIG.
8A depicts a component 800 that is configured to display the
user’s folders in a tree structure. If the user generates input
requesting that the folders be displayed as a list, the data
binding of the component 800 to the underlying data may be
transferred to the component 850, which will also transfer the
state of the component 800. This example illustrates that the
present invention eliminates dependencies between the rep-
resentation and processing of data from the configuration of
the data model. Moreover, the transfer and sharing of data
bindings not only provides an automated communication
path between application layers in accordance with the MVC
design paradigm, but also provides an enhanced platform for
developing applications.

The present invention provides a set of user interface com-
ponents (i.e., buttons, input boxes, drop-down boxes, display
panels, and the like). To facilitate application development, a
standard framework allows applications to be built from
related user interface components. In this regard, user inter-
face components may inherit properties from a parent com-
ponent utilizing the Ul XML language and therefore be com-
bined to express more complex user interface elements. As a
result, an application may include a set of related components
organized in a hierarchical structure in which each compo-
nent is aware of a related component. Alternatively, a single
user interface component may be defined that represents the
entire view of an application. In addition, a component API
(Application Programming Interface) is provided that allows
developers to create new user interface components for use
with the present invention.

In one aspect, the present invention supports the develop-
ment of process-oriented applications using the process XML
language. In this regard, each process step in the
MyTasks.xml document 600 represents part of the process
execution flow. Operations within a process step may define a
state change in the application being executed. Communica-
tions between processes are supported through the controlled
access to data that describes the runtime state of an applica-
tion and through the utilization of messaging ports. Develop-
ers may reference views, components, and other runtime
variables with expressions that utilize globally-named
objects. In this regard, an expression language or common
way of referencing and manipulating objects is provided.
Generally described, the expression and process XML lan-
guages collectively abstract the complexities of executing
multi-instance applications. Instead, developers may create
an application as though the application would only exist in a
single instance of execution. As the MyTasks.xml document
600 illustrates (FIG. 6A), expressions are structured to be
compatible with XML syntax and may be delimited or tagged
for use within other programming languages. When an
expression is evaluated, the XML virtual machine performs
the work ofidentitying, merging, and otherwise manipulating
the requested data in accordance with the received expres-
sion. As a result, globally-named objects may be utilized by
developers in application code even though multiple runtime
instances of the application are being executed.

The present invention provides a client-side component
that is implemented in a plurality of “classes” from which
“objects” may be instantiated. In other words, the client-side
component may be implemented using a programming lan-
guage such as JavaScript that utilizes object-oriented pro-
gramming features. Alternatively, the invention may be
implemented using non-object oriented languages such as the
C programming language or any other language in which
structures may be represented as objects. As will be under-
stood by those skilled in the art, objects created from a class
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typically include methods that encapsulate or hide the algo-
rithms that implement the object’s functionality. Instead of
exposing these implementation details, objects provide inter-
faces by which other modules may access their functionality
as an abstraction. Accordingly, functionality that implements
the XML virtual machine in accordance with one embodi-
ment of the present invention occurs in the context of objects
that utilize object-orientation and inheritance.

As mentioned previously, the client-side component serves
as an XML virtual machine that executes applications written
in languages that adhere to the XML syntax. In an actual
embodiment, the XML virtual machine is configured to
execute application code described semantically in a process
modeling language (e.g., the process XML language), user
interface modeling language (e.g., the UT XML language) and
an application package modeling language (e.g., the applica-
tion package XML language). Significantly, the XML virtual
machine may be extended to understand additional XML
languages or XML -based applications to provide functional-
ity not described herein. Moreover, it should be well under-
stood that instead of executing programming logic using the
XML languages described herein, other embodiments are
possible. For example, a JavaScript API or libraries could be
used to build applications implement the same functionality.
Accordingly, the utilization of XML -based languages is
merely exemplary and the present invention could be imple-
mented using traditional programming languages.

At any given time, an application being interpreted by the
XML virtual machine may be understood as being in a par-
ticular state of execution. The process XML language allows
developers to define the conditions for transitioning between
states. Among other things, the XML virtual machine imple-
ments functionality for managing the state transitions by (1)
defining a set of runtime variables/objects that describe the
state of an executing application; (2) implementing logic that
drives when a transition in the application state will occur, and
(3) providing low-level constructs that implement the appro-
priate change in the application state.

Now with reference to FIG. 9, aspects of the client-side
component and the classes and objects that implement the
XML virtual machine will be described. The client-side com-
ponent includes a plurality of “managers” or objects that will
typically be instantiated at start-up of the client-side compo-
nent of the network operating system and remain active
throughout a user session. As mentioned previously, objects
provided by the client-side component in accordance with an
illustrative embodiment utilize object orientation and inher-
itance. In this regard, a system context object 902 may be
instantiated that serves as a placeholder where managers and
other objects are embedded at runtime. Accordingly, the sys-
tem context object 902 may be used to instantiate the man-
agers depicted in FIG. 9 including the application manager
904, process manager 906, view manager 908, transaction
manager 910, document manager 912, and event manager
914.

Each manager typically performs a specific task that is
exposed through the interface accessible from the system
context object 902. Accordingly, other objects implemented
by the present invention may call and utilize a manager’s
functionality to perform the desired task. For example, the
process manager 906 may be called to instantiate a process
object in preparation of executing an application’s process
code. In another aspect, managers allow the controlled instan-
tiation and communication between objects that provides the
foundation for intra-application and intra-process security.
While the description herein may be provided with reference
to particular managers and the associated objects that a man-
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ager holds, those skilled in the art and others will recognize
that the encapsulation of functionality into a particular type of
manager is exemplary. In other embodiments, the function-
ality described herein with relation to particular managers
and their corresponding objects may be performed without
being encapsulated or may be encapsulated in a different way
than described. Moreover, object-oriented programming lan-
guages and features described herein are merely illustrative,
as other tools may be utilized without departing from the
scope of the claimed subject matter.

As depicted in FIG. 9, the client-side component includes
an application manager 904 that provides logic for managing
the lifecycle of an application. In this regard, functions are
exposed by the application manager 904 for creating, open-
ing, and terminating applications. An application may be
represented internally as an application object that “registers”
with the application manager 904. When an application is
scheduled for execution, the application manager 904 may be
called to create a corresponding application object. Accord-
ingly, the application manager 904 creates and holds refer-
ences to all active applications in the system.

As mentioned previously, attributes of one or more appli-
cations may be described semantically by developers in an
application package using the application package XML lan-
guage. The attributes described in the application package
include references to resources and system settings that are
utilized by a particular application to execute. Resources
identified in the application package will typically include the
XML documents that provide the semantic description of an
application’s view and process logic. In one aspect, the appli-
cation manager 904 is configured to extract information from
the appropriate application package and obtain the identified
resources when an application is scheduled to execute. Alter-
natively, any XML data resource, including UI and process
XML documents, may be directly embedded into an applica-
tion package. In another aspect, functionality that allows
applications to continue executing when the client goes “oft-
line” is implemented by the application manager 904. In this
regard, the appropriate application package may be refer-
enced by the application manager 904 to identify the
resources utilized by a corresponding application. Then, any
resources that have not yet been cached locally are identified
and obtained from the appropriate service provider.

The process manager 906 depicted in FIG. 9 is responsible
for creating and holding internal process objects that are used
to execute process steps in an application. As mentioned
above, application logic written in the process XML language
may define a sequence of process steps that each include one
or more operations. A process object created and held by the
process manager 906 is responsible for looping through and
causing one or more low-level constructs or operation han-
dlers to be called. Unlike traditional platforms, the conceptual
foundation of the network operating system is based on pro-
cess-oriented operations that model low-level constructs.
Higher-level constructs that, for example, model workflows,
product lifecycle management, user collaboration, and the
like, are constructed from these low-level constructs. By way
of example, the set of operation handlers provided by the
present invention that models low-level constructs includes,
butis not limited to, an open operation handler, bind operation
handler, change operation handler, decision operation han-
dler, and the like. Moreover, an operation API is provided that
allows developers to define additional operation handlers. In
this way, the XML virtual machine may be extended to sup-
port and execute additional low-level constructs. On the other
hand, the operations that may be used in an application are
limited to those operations either created in accordance with

20

25

30

35

40

45

50

55

60

65

26

the operation APIs or provided by the present invention. As a
result, the ability of users to create malware or otherwise
implement malicious functionality is severely restricted since
only a limited and well-defined set of operations are available
to execute application logic. On one hand, since there are only
a limited number of ways to manipulate an XML document,
a relatively small number of operations need to be provided.
Since XML is a very general language, any application or
domain may be described utilizing the language. Accord-
ingly, the process XML language and its corresponding
operations provided by the present invention is capable of
describing any type of process logic and may be used to
describe any type of application.

In accordance with one embodiment, an instance object is
provided by the present invention that tracks the “runtime
state” of an executing application or instance. Those skilled in
the art and others will recognize that the runtime state of an
executing application constantly evolves as logic is executed.
An instance object tracks and otherwise manages the runtime
state of an executing application and supplies context to other
objects used to implement the XML virtual machine. Accord-
ingly, instance objects couple operational meaning to the
execution of processes and their associated operations. As a
result, even though the runtime state of an application
instance is constantly changing, operation handlers are pro-
vided with data that accounts for these changes. In this way,
the present invention supports dynamic execution of applica-
tion logic using process objects that are stateless. In other
words, even though multiple instances of an application may
exist, only a single version of the application code is neces-
sary, thereby saving memory.

As depicted in FIG. 9, the client-side component includes
a view manager 908 that is responsible for tracking the
“views” or user interfaces associated with an executing appli-
cation. Methods are provided by the view manager 908 for
creating an internal view object which is used to render and
update an application’s user interface. In accordance with the
MVC design paradigm, the user interface of an application
may be described semantically using the Ul XML language.
Accordingly, the relationships between components and
other graphical attributes of the application’s complete user
interface may be represented in a Ul XML document. View
objects instantiated and held by the view manager 908 are
utilized in rendering user interfaces that are described seman-
tically in a Ul XML document. In one embodiment, the ren-
dering of the user interface may be performed through a series
of XML transformations. However, those skilled in the art
and others will recognize that a user interface may be ren-
dered without performing XML transformations and the
description provided above should be construed as exem-
plary. In any event, the view manager 908 is configured to
create view objects and holds reference to all active views in
the system.

As depicted in FIG. 9, the client-side component includes
a document manager 912 that is responsible for instantiating
and holding reference to document objects. As mentioned
previously, XML documents are the data model that serves as
a common data source in the network operating system envi-
ronment. Even application logic, system settings, application
states, and the like are represented in XML documents. In one
aspect, the document manager 912 is responsible for causing
documents to be loaded or cached in memory on a client
computer. Accordingly, the document manager 912 may
interact with other managers, such as the communication
manager (described below), to obtain documents. Documents
may be obtained from a remote network location using a
communication channel or a channel can be established to
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access documents maintained on a local hard drive or other
non-volatile memory on a client computer. In another aspect,
the document manager 912 serves as a client-side cache track-
ing each document that is loaded into memory on a client
computer. When a document is obtained locally, an internal
document object that provides a structured object-oriented
representation of the document may be instantiated. In this
regard, the document manager 912 holds references to all
document objects in the system and exposes methods for
creating, retrieving, saving, and renaming XML, documents,
among others.

The event manager 914 visually depicted in FIG. 9 serves
as a trigger event bus allowing aspects of the XML virtual
machine to execute application logic in response to the acti-
vation of a trigger. On one hand, a process object may utilize
anotifier object to register a trigger as a listener with the event
manager 914. Other objects within the system such as com-
ponent objects often register themselves directly as listeners
to the event manager 914. Among other things, the notifier
object receives and stores data that identifies the process step
in an application that will be executed in response to the
trigger being activated. Moreover, data provided by a notifier
object associates the trigger with an originating object (i.e.,
often a view or component object) where the trigger activa-
tion will originate. On the other hand, the event manager 914
allows objects (i.e., view or component objects) to push or
otherwise notify registered listeners when a trigger is acti-
vated. In this example, the component object will notify and
pass data to the event manager 914. In response, the event
manager 914 will perform a look-up to identify listeners for
the activated event. Then, the appropriate notifier or other
listening objects may be alerted and provided with data that
allows application execution to proceed to the appropriate
process step. As described in further detail below, separate
application instances may each use the same set of triggers
and notifier objects. Providing an event manager 914 and
associated systems that are configured to re-use the same
resources in this way both increases performance and mini-
mizes the memory used.

As used herein, a “trigger” refers to the occurrence of a
defined triggering event that will cause application code to be
executed. Accordingly, in the exemplary process XML docu-
ment 600 described above with reference to FIG. 6A, the
activation of a trigger 602 causes a particular process step
defined in the application code to be executed. In contrast to
existing systems, triggers implemented by the present inven-
tion are not normally activated upon the occurrence of a data
update. In other words, other than specifying operations such
as a data binding, developers are not required to provide logic
for managing input and output from an application user inter-
face to the data model. Instead, data updates are managed by
the present invention by a separate data update notification
event bus and do not correspond to the activation of a trigger.
As described in further detail below, aspects of the present
invention provides a separate event bus implemented in the
document object that automatically handles propagation of
data update events to components and other objects.

The transaction manager 910 also depicted in FIG. 9 pro-
vides an interface for creating and propagating transactions
used to update the contents of an XML document. Accord-
ingly, when a change to the data model will be performed, this
will result in a transaction. In this regard, a transaction rep-
resents a relative change and may be represented as an XML
data fragment that contains data used to implement or reverse
a change to the data model. For example, in the MyTasks
application described above with reference to FIG. 6A, the
change operation 624 that adds a task to an underlying data
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XML document may result in the creation of a transaction.
The data update reflected in a transaction may be persisted to
the data model as well as to any remote listeners. In one
embodiment, the transaction manager 910 includes identifi-
cation and time stamping data when a transaction is created
that may be used to “rollback” the data update represented in
the transaction as well as identify the order in which transac-
tions are generated.

Now with reference to FIG. 10A, an application initiation
routine 1000 will be described that performs processing to
open an application package. The application initiation rou-
tine 1000 may be performed in response to a user generating
a command to launch an application. As mentioned previ-
ously, aspects of the present invention may provide a desktop
environment in which users launch applications through the
selection of a menu item, icon, and the like. In response to
receiving this type of command, a data type recognizer within
the system context object 902 may be passed a URL that
identifies the location of a document associated with an appli-
cation package, XML document, or binary file. As described
in further detail below, the data type recognizer is utilized in
numerous ways to identify and associate actions with particu-
lar types of documents. In any event, the application initiation
routine 1000 may be performed when the data type recog-
nizer determines that a document that corresponds to an
application package (e.g., application package XML docu-
ment) is being opened.

In the application initiation routine 1000 depicted in FIG.
10A, the application manager 904 is utilized to instantiate an
application object at block 1002. Multiple application objects
that each represent a different application may be instantiated
and held by the application manager 904. On this iteration
through the application initiation routine 1000, a first appli-
cation object may be instantiated that, for example, represents
a word processing program. On a different iteration through
the application initiation routine 1000, a second application
object that represents a different program (e.g., an e-mail
program) may be instantiated. By controlling the instantia-
tion and access to application objects, process logic associ-
ated with one application is unable to access the internal
objects (e.g., view objects, instance object, process object,
etc.) that are associated with a different application. Accord-
ingly, when executing the process logic of the word process-
ing program, a view object associated with the e-mail appli-
cation package is inaccessible. As described in further detail
below, the use of the application manager 904 to instantiate
and hold application objects is part of a larger framework
provided by the present invention that insures both intra-
application and intra-process security.

At block 1004, the resources of an application being
opened as specified in a corresponding application package
are obtained. Logic in an application package formed in
accordance with the present invention provides the overall
blueprint of the resources and settings of an application.
Accordingly, an application package XML document may
identify process and Ul XML documents associated with an
application, as well as other application resources such as
images, data documents, XSL'T documents, among others.
Resources utilized by an application, including the applica-
tion package XML document itself, may be cached in
memory on the client or obtained from a service provider
utilizing a communication channel (described below). In
addition to resource and settings management, the applica-
tion package XML language allows developers to configure
application packages in more advanced ways. By way of
example only, conditional logic in an application package
XML document may be used to implement a more fault-
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tolerant network service in which resources can be obtained
from a failover network location. In the event that a primary
network location is unavailable, the application package can
identify alternative network locations where the resources
may be obtained. However, this is just one example of the way
the present invention allows developers to configure an appli-
cation package using the package XML language.

As further illustrated in FIG. 10A, at decision block 1006,
the application initiation routine 1000 determines whether
additional runtime instance(s) of the application is permitted.
The application package XML language allows developers to
establish configurations to limit the number of application
instances that may be created. Accordingly, the determination
made at block 1006 may be dependent on configurations
defined in an application package XML document. If the
determination is made, at block 1006, that an additional
instance is not permitted, then the application initiation rou-
tine 1000 proceeds to block 1008 where the command to
launch an application that does not allow an additional
instance is handled. In this regard, handling the command at
block 1008 may include refreshing an existing runtime
instance of the application. In addition or alternatively, han-
dling the command may include informing the user through a
dialogue that an additional instance of the application is not
permitted. Then, upon handling the command, the application
initiation routine 1000 proceeds to block 1014, where it ter-
minates.

On the other hand, if a determination is made at block 1006
that an additional instance of the application is permitted, the
application initiation routine 1000 proceeds to block 1010. At
block 1010, an instance object is instantiated that tracks and
manages the runtime state of the application being launched.
When process and view objects are created, aspects of the
present invention associate these objects with their corre-
sponding instance. The instance object instantiated at block
1010 maintains structures for tracking process and view
objects, aliases, and other runtime variables. Accordingly,
process and view objects associated with this application
instance will be known to the instance object. Through the
controlled instantiation and referencing of objects, a local-
ized relationship hierarchy may be established that delimits
the boundary of an application instance. As described in
further detail below, this framework associates process and
view objects with a corresponding instance and delimits
access to these objects from outside the localized relationship
hierarchy.

The context provided by the instance object instantiated at
block 1010 allows functionality to be implemented relative to
an application’s runtime state. In one aspect, the instance
object instantiates and holds a local expression engine for
evaluating expressions encountered in application code being
interpreted. A process object may utilize a corresponding
instance object and a local expression engine that the instance
holds to evaluate expressions. Moreover, the instance object
instantiated at block 1010 may be supplied when executing
operations in order to couple operational meaning to the
execution of process logic.

As further illustrated in FIG. 10A, at block 1012, the appli-
cation object instantiated at block 1002 is utilized to open and
initiate execution of an application’s process and view logic.
Routines for opening and initiating execution of logic in
process and Ul XML documents are described below and will
not be provided here. Significantly, each time an application
associated with an application package is launched, a new
instance object will be supplied to track the runtime state of
the application. For example, an application object that rep-
resents a word processing program will supply a different
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instance object each time an instance of the word processing
application is launched. By utilizing the application object in
this way, aspects of the present invention are able to control
access to objects that are associated with an executing appli-
cation. Then, the application initiation routine 1000 proceeds
to block 1014, where it terminates.

Now with reference to FIG. 10B, the utilization of appli-
cation objects to encapsulate applications and provide intra-
application security will be described in additional detail.
When an application from an application package is
launched, the application manager 904 instantiates an appli-
cation object that provides an encapsulated representation of
the application. As illustrated in FIG. 10B, the application
manager 904 may instantiate the Application Object A 1030,
Application Object B 1032, and Application Object Nth
1034. In one embodiment, an application object is utilized to
instantiate and hold one or more instance objects. In the
example depicted in FIG. 10B, the Application Object A 1030
may instantiate and hold the Instance Object A1l 1036,
Instance Object A2 1038, and Instance Object A-Nth 1040.
Similarly, the Application Object B 1032 may instantiate and
hold the Instance Object B1 1042 and the Instance Object
B-Nth 1044. In this regard, a unidirectional solid arrow
between objects depicted in FIG. 10B indicates that the
source object where the arrow originates holds the destination
object identified by the arrow pointer. Accordingly, the solid
arrow from the application manager 904 to the application
objects 1030-1034 indicates that these objects are held by
application manager 904. From the illustration in FIG. 10B,
the relationship between the application manager 904, appli-
cation objects 1030-1034, and their corresponding instance
objects 1036-1044 is apparent.

The relationship between objects depicted in FIG. 10B
illustrate how the present invention is able to ensure intra-
application security. Access to application objects is con-
trolled by the application manager 904 which exposes meth-
ods for creating, opening, and terminating applications.
When an application object is instantiated, the application
manager 904 isolates the application object into a separate
memory space. By preventing application objects from shar-
ing a memory space, code from one application may not be
injected into or otherwise affect the memory space allocated
to a different application. Moreover, an application object
provides an encapsulated representation of an application in
which internal data associated with the application may be
hidden. All of the functionality of the application and access
to internal data is controlled through the creation of exposed
methods. By isolating and encapsulating applications in this
way, the internal objects (e.g., view objects, instance object,
process object, etc.) associated with one application are ren-
dered inaccessible to a different application. Accordingly,
when executing code utilizing the Application Object A 1030,
internal objects associated with the Application Object B
1032 may notbe accessed. Even though the internal data of an
application may not be accessed, data may be shared utilizing
the underlying data model. Accordingly, if a user has suffi-
cient access rights, a document may be shared by multiple
applications. In other words, the intra-application security
framework provided by the present invention does not prevent
the authorized sharing of data between applications using the
underlying data model.

Now with reference to FIG. 10C, the utilization of instance
objects to implement a localized relationship hierarchy will
be described in additional detail. By defining a localized
relationship hierarchy, aspects of the present invention allow
multi-instance applications to be securely executed. The
illustration in FIG. 10C includes the application object 1050
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and instance object 1052. In addition, FIG. 10C depicts a
process object 1054, view object 1056, component object
1058, and a dialog object 1060 that are instantiated when an
application’s process and Ul XML documents are opened. In
one embodiment, the application object 1050 supplies the
instance object 1052 when initiating execution of an applica-
tion. The dashed unidirectional arrows originating from the
application object 1050 to the view object 1056 and process
object 1054 indicate that these objects were created within the
localized relationship hierarchy that is specific to the supplied
instance object 1052. In this regard, the instance object 1052
maintains a MiniView manager 1062 and a MiniProcess man-
ager 1064. When an application’s process XML document is
opened, the instance object 1052 is provided with a reference
to the resulting process object 1054 that is tracked using the
MiniProcess manager 1064. Similarly, the view object 1056
that results when an application view is opened is supplied to
the instance object 1052 and held by the MiniView manager
1062. Accordingly, the updates to the MiniProcess manager
1064 and MiniView manager 1062 allow the instance object
1052 to track and identify objects that are associated with a
particular application instance.

Throughout the code that describes the logic of an appli-
cation, developers may utilize globally-named objects to
define the application’s logic. These globally-named objects
may be referenced in accordance with an expression language
provided by the present invention. However, global names
assigned to objects in application code may reference runtime
objects that belong to different instances. For example, the
following expression may be used in application code to
reference the view object 1056: “#MyTasks.” In addition, the
following expression may be used to reference a component
object (e.g., Button) that is created within the context of the
aforementioned view object 1056: “#MyTasks#buttonl.” To
avoid ambiguity and enforce security, aspects of the present
invention implement functionality that allows globally-
named objects encountered in application code to be evalu-
ated relative to the appropriate instance. In this regard, the
evaluation of globally-named objects is performed without
creating duplicate process or Ul XML documents. Instead, an
application’s process and Ul documents are shared and used
to build the runtime objects for multiple application
instances. As will be clear in the description that follows, the
implementation of a localized relationship hierarchy provides
a basis for identifying and/or supplying the appropriate
instance when expressions are evaluated and accessing the
appropriate view object within the instance.

In the example depicted in FIG. 10C, a bidirectional arrow
is depicted between the instance object 1052 and the view
object 1056. On one hand, the bidirectional arrow indicates
that the instance object 1052 is aware that the view object
1056 is associated with this particular application instance.
Upon being instantiated, the view object 1056 may be sup-
plied to the instance object 1052 and held by the MiniView
manager 1062. On the other hand, an identifier for the
instance object 1052 is supplied when an application view is
created so that the view object 1056 is aware of its associated
instance. As a result, the appropriate instance may be identi-
fied when input is received that will cause a data update or
application logic to be executed. For example, the component
object 1058 may be instantiated when the view object 1056 is
used to open an application view. Since the component object
1058 is created within the context of an application view, it
may communicate with the view object 1056. As a result, the
component object 1058 may identify the appropriate instance
object 1052 when, for example, a user provides input that will
cause application code to be executed.
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In the example depicted in FIG. 10C, a unidirectional
arrow is depicted between the instance object 1052 and the
process object 1054. In one embodiment, the process steps in
an application are executed using the process object 1052.
Through the utilization and updating of the MiniProcess man-
ager 1064, the instance object 1052 is aware of its associated
process object 1054. However, process objects provided by
the present invention are stateless between execution of pro-
cess steps. As a result, process objects are supplied with the
context from a single instance object 1052. In other words, the
process object 1052 is not aware of an associated instance
object 1052 between execution of process steps. However, the
process object 1054 may utilize the services of an expression
engine (described below) that is held by a supplied instance
object 1052. The localized relationship hierarchy depicted in
FIG. 10C and the associated description illustrates how the
present invention is able to ensure intra-process security
while still supporting multi-instance applications. When iter-
ating through the operations in a process step, the process
object 1054 may only be supplied context from one instance
object 1052. This framework in which relationships are estab-
lished, so that the process object 1054 is supplied context
from a single instance object 1052, allows a strict separation
between objects associated with different instances. Accord-
ingly, when executing application code, the process object
1054 is not able to access objects that are in the localized
relationship hierarchy of a different instance.

Aspects of the present invention are able to create sub-
instances within a localized relationship hierarchy estab-
lished by a parent instance. In this embodiment, the sub-
instance and its resulting sub-view object and sub-process
objects are created within a localized relationship hierarchy
of the parent instance. The localized relationship hierarchy
delineated by the sub-instance is visible to objects created
within the relationship hierarchy of the parent instance. How-
ever, runtime objects that are created within the sub-instance
are not aware of objects associated with the parent instance or
other sub-instances. This ability to nest sub-instances within
a parent instance offers great flexibility to application devel-
opers in building more modular code as well as the ability to
utilize different scopes.

Now with reference to FIG. 11, a process initiation routine
1100 for opening and initiating execution of logic defined in
an application’s process code will be described. The process
initiation routine 1100 may be performed when a call to open
a document that contains process logic is generated. In one
embodiment, calls to open a file may be issued to the data type
recognizer that receives a URL from a calling object. The
URL passed to the data type recognizer may correspond to
any type of document including, but not limited to, an appli-
cation package XML document, process XML document, or
UI XML document. When opening a document that contains
process logic, the data type recognizer may cause particular
actions to be performed that facilitate application execution.
In the exemplary embodiment depicted in FIG. 11, the data
type recognizer determines that the supplied document is a
process XML document and causes actions that are specific to
this file type to be performed.

The process initiation routine 1100 depicted in FIG. 11
illustrates two exemplary circumstances in which a process
XML document may be opened. However, the examples pro-
vided below should be construed as exemplary as process
XML documents may be opened in other circumstances with-
out departing from the scope of the claimed subject matter. As
illustrated in FIG. 11, the process initiation routine 1100
begins either at block 1102 or block 1104. In an exemplary
embodiment, the routine 1100 begins at block 1102 where the
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data type recognizer receives a call to open a process XML
document that is associated with an application package. In
this embodiment, an application object supplies a previously
created instance object in the call received at block 1102. As
described in further detail below, the process initiation rou-
tine 1100 will instantiate a process object in anticipation of
executing process steps defined in the process XML docu-
ment. A reference to this process object may later be provided
to the corresponding instance that is supplied in the call
received at block 1102.

In an alternative embodiment, the process initiation routine
1100 begins at block 1104 where the data type recognizer
receives a call to open a process XML document that repre-
sents a stand-alone application. Applications are not required
to be associated with an application package. In this embodi-
ment, the data type recognizer does not receive a supplied
instance at block 1104 in the call to open the process XML
document. Applications that are configured to be stand-alone
in this way do not support multiple instances of execution and
allow applications to share at least some memory space.

At block 1106, processing is performed by the data type
recognizer to identity the file-type of the document that will
be opened. In this example, the analysis performed by the data
type recognizer will determine that the document associated
with the received call is a process XML document. As men-
tioned previously, the data type recognizer may associate
actions with a particular file type. Upon encountering a
request to open a process XML document, the data type
recognizer is configured to call the process manager 906, at
block 1108, indicating that request to open a process XML
document has been received.

At decision block 1110, logic within the process manager
906 determines whether a process object for this process
XML document is cached in memory. In one aspect, the
process initiation routine 1100 is responsible for instantiating
a new process object when an application is initially
launched. Once instantiated, logic is implemented by the
process initiation routine 1100 that enables the newly instan-
tiated process object to execute a process step. Since the
process object is stateless, it may be reused. As such, the same
process object may be used to execute application code from
the same instance of an application package or other pro-
cesses embedded in the process XML document. Accord-
ingly, the process object instantiated when an application is
launched may be cached in memory by the process manager
906. If the process manager 906 previously instantiated a
process object for this application that is still in memory, the
result of the test performed at block 1110 is “yes,” and the
process initiation routine 1100 proceeds to block 1120,
described in further detail below. Conversely, if a determina-
tion is made that a new process object will be instantiated, the
process initiation routine 1100 proceeds to block 1112.
Before the new process object is instantiated, the process
XML document being opened should be available locally. To
this end, the process manager 904 generates a call that is
routed through the document manager 912 to obtain the
appropriate process XML document at block 1112.

Atblock 1114, a determination is made regarding whether
the process XML document being requested by the process
manager 904 is loaded into memory of the client computing
device. As mentioned previously, the document manager 912
serves as a client-side cache, tracking each document that is
loaded in memory on the client. If a determination is made
that the process XML document being opened is referenced
in the client-side cache maintained by the document manager
912, then the process initiation routine 1100 proceeds to
block 1118, described in further detail below. Conversely, if
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the requested process XML document is not loaded in the
client-side cache, the process initiation routine 1100 proceeds
to block 1116, where the document manager 912 causes the
requested process XML document to be obtained from a
service provider. More specifically, at block 1116, the docu-
ment manager 912 utilizes the communication manager (de-
scribed below) to request that the appropriate process XML
document be obtained from a network location identified by a
supplied URL.

Once the process XML document is available from the
client-side cache, a new process object is instantiated at block
1118. Specifically, logic within the process manager 904 is
utilized to instantiate a new process object in anticipation of
executing application code. Then, the new process object is
registered at block 1120 as a listener on its corresponding
process XML document. As described in further detail below,
by registering as a listener on a document in the data model,
an object may be notified and take certain action when a
specified data update to the document is performed.

At block 1122, notifier objects are instantiated for each
trigger in the application. Specifically, parsing may be per-
formed to identify the trigger elements defined in the process
XML document being opened. By way of example, the
MyTasks application defines a trigger 602 (FIG. 6A) that
would result in a notifier object being instantiated at block
1122. Triggers may be defined as elements in a process XML
document with each trigger including the view, component,
event, and step attributes. The value assigned to the view and
component attributes identifies the application view and/or
component where the trigger will be activated. Similarly, the
value assigned to the event attribute identifies the type of
event that will activate the trigger. Moreover, the value
assigned to the step attribute identifies the process step in the
application’s process code where execution will be directed
in response to the trigger. For each trigger in an application,
logic within the process manager 906 instantiates a notifier
object and caches data in the notifier object that may be
subsequently used to execute a particular process step.

As further illustrated in FIG. 11, each trigger defined in an
application is registered with the event manager 914 at block
1124. In one embodiment, the event manager 914 maintains
an internal hash data structure that associates a set of trigger
data with listening notifier objects. Accordingly, triggers may
be registered by updating the hash data structure maintained
by the event manager 914. As described in further detail
below, the event manager 914 notifies the appropriate listen-
ing objects and notifier objects when an event that matches a
registered event for a component and event type occurs.

As further illustrated at FIG. 11, a determination is made at
block 1126 regarding whether a new instance will be instan-
tiated. When opening a process XML document, the instance
may be supplied. Specifically, the application initiation rou-
tine 1000 described above may instantiate and supply the
instance when opening a process XML document. Also,
instances may be supplied in other circumstances in order to
support modular application development and for different
processes to share context. In these embodiments, a new
instance will not be instantiated, and the process initiation
routine 1100 proceeds to block 1130, described in further
detail below. Conversely, if an instance object was not sup-
plied, the process initiation routine 1100 proceeds to block
1128, where an instance object is instantiated. Specifically,
logic within the process manager 906 generates a call to
instantiate the new instance object at block 1128.

At block 1130, a call to execute a process step defined in a
process XML document is generated. In an actual embodi-
ment, a process object is configured to cause a process step to
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be executed based on two received parameters: (1) a supplied
instance representing the runtime state of an application; and
(2) the identifier of the process step that will be executed. In
this regard, the instance that is supplied to the process object
may be created within the context of an application package
or a stand-alone application. In either embodiment, the pro-
cess initiation routine 1100 is configured to provide a process
object with parameters that allow the process object to be
re-used for multiple instances in executing each process step
defined in the process XML document. Then, the process
initiation routine 1100 proceeds to block 1132, where it ter-
minates.

When a process step will be executed, flow of control is
directed to an execute method encoded within a process
object. Generally described, the execute method loops
through and causes each operation defined in a process step to
be executed. In other words, the execute method is the inter-
face to the process operations developed in accordance with
the process operation API. As such, the execute method could
be called by the process initiation routine 1100 in order to
execute process step “1” defined in the MyTasks application.
In response, the execute method would perform processing
that causes the Open, Bind, and Action operations 612-616
within this process step 604 to be executed.

Now, with reference to FIGS. 12A-B, an execute method
1200 will be described that is configured to cause operations
in a process step to be executed. As illustrated in FIG. 12A,
the execute method 1200 begins at block 1202 where a new
operation within a process step is identified. In one embodi-
ment, operations within a process step are typically identified
and executed sequentially. Upon encountering a new opera-
tion, an expression provided in the value attribute of the
operation is selected for evaluation at block 1203. For
example, in the MyTasks application described above, the
MyTasks document 600 (FIG. 6 A) defines an Initialize Appli-
cation process step 604. Within this process step 604, the first
operation is an Open operation 612 having a value attribute
“apps/mytasks_gui.xml” On this iteration through the
execute method 1200, the expression “apps/mytasks_
guixml” would be selected for evaluation at block 1203.

The descriptions made with reference to FIG. 12 provides
examples in which operations within a process step are
executed sequentially. However, aspects of the present inven-
tion support asynchronous execution of operations so that
each operation in a process step may not be executed sequen-
tially. For example, if a first operation requested a resource
that is only available from a remote network location, other
operations (that are not dependent on the results of the first
operation) may be executed while the resource is obtained
asynchronously.

As further illustrated in FIG. 12A, the expression selected
for evaluation at block 1203 is evaluated into an XBind at
block 1204. As used herein, an XBind is a data type that
comprises a URL, base path (e.g., an XPath expression that
references an XML fragment within the document identified
by the specified URL), and a selection (e.g., a plurality of
XPath expressions). In the exemplary Open operation 612
defined in the MyTasks application, the “apps/mytasks_
guixml” expression would be evaluated into the following
XBind, at block 1204:

URL=apps/mytasks_gui.xml

Base path=/

Selection=

The URL of this XBind references the Ul XML document
that provides the semantic description of the application’s
user interface. While the examples provided herein utilize a
URL as the format for identifying resources this should be

20

25

30

35

40

45

50

55

60

65

36

construed as exemplary. Any system that is capable of
uniquely identifying a resource may be implemented in con-
junction with the present invention. As described in further
detail below, the network operating system provides proto-
cols and abstractions for accessing an XML file system, data-
bases, and XML web services using URLs. However, it is
contemplated that other protocols could be used to identify
resource locations other than URLs. The base path of the
above XBind is “/” which references the root element of the
UI XML document identified in the URL. When opening an
application view, the base path could reference a fragment
within a Ul XML document. In this instance, the semantic
description of the view logic is not associated with the root
node of the Ul XML document. Accordingly, the XBind for
this variation would include a base path referencing the node
that corresponds to the view logic. The selection for this
exemplary XBind is “null” as it does not contain data. Once
the expression has been evaluated, the execute method 1200
proceeds to block 1206, described in further detail below.

With reference now to FIG. 12B, an interchange that occurs
when an expression is evaluated will be described. The illus-
tration in FIG. 12B includes a set of objects that include the
instance object 1250, the process object 1252, and the view
object 1254. Similar to the description provided above with
reference to FIG. 10C, the dashed arrows depicted in FIG.
12B indicate that the process and view objects 1252-1254
were previously associated with the localized relationship
hierarchy that is specific to the instance object 1250. Within
the execute method 1200, the process object 1252 may utilize
the instance object 1250 to evaluate an encountered expres-
sion. Since the instance object 1250 is supplied when execu-
tion of a process step is initiated, the process object 1252 may
utilize the instance object 1250 within the process step in
order to have the expression evaluated by the expression
engine 1260.

In one embodiment, the present invention implements an
expression engine 1260 configured to evaluate expressions
within the context provided by the instance. Specifically,
functionality encapsulated in the expression engine 1260 may
be used within the context of the instance object 1250 to
evaluate the expression 1262 into the XBind 1264, XML
formatted data, or plain text. Once evaluated, the XBind 1264
identified by the expression engine 1260 may be passed from
the instance object 1250 to the process object 1252. By uti-
lizing the instance object 1250 to instantiate and hold the local
expression engine 1260, evaluation of expressions is readily
performed relative to the context supplied by the instance or
any sub-instance. Among other things, utilizing a local
expression engine 1260 in this way allows instance and scope
handling to be performed within a multiple chained scope
depth. Accordingly, expressions may be evaluated differently,
depending on the application instance that is executing, and
developers are not required to account for the complexity of
managing multiple instances or scopes. Additional descrip-
tions of the functionalities implemented within the expres-
sion engine 1260 and the types of expressions that may be
evaluated by the present invention will be described in further
detail below. In this regard, the expression engine 1260 may
be used to evaluate multiple expressions defined within an
operation. Each of these expressions within the operation is
evaluated before an operation handler is called, as described
in further detail below.

With reference again to FIG. 12A, the execute method
1200 initiates execution of the appropriate operation handler
at block 1206. As mentioned previously, a plurality of opera-
tion handlers are provided by the present invention. Each
operation handler implements functionality specific to the



US 8,099,671 B2

37

type of operation that may be encountered. Accordingly, if the
current operation is an open operation, then the execute
method 1200 calls an open operation handler at block 1206.
However, other operation handlers are implemented (Bind,
Decision, Action, Change, etc.) that may be called within the
execute method 1200. Accordingly, the execute method 1200
is configured to pass arguments that are appropriate for the
particular operation handler being called using a well-defined
process operation APIs, which will be discussed in the
examples below. However, each operation handler is supplied
with at least instance and process objects and an evaluated
XBind when called.

At decision block 1208, the execute method 1200 deter-
mines whether additional operations in a process step will be
executed. Accordingly, if all of the operations in the current
process step were not previously executed, the execute
method 1200 proceeds back to block 1202, and blocks 1202-
1208 repeat until each operation has been executed. Signifi-
cantly, a process step may include a statement that directs the
flow of application execution. For example, a “call” statement
may be defined as a statement in a process step that directs the
flow of execution to a different process step once all of the
operations in the current process step have been executed.
More generally, a “call” operation is provided that allows
developers to direct the flow of execution between operations
of one process step to a different process step. When a “call”
operation is defined, flow proceeds to the new process step
and, upon completion, returns to a location within the origi-
nating process step. In an actual embodiment, asynchronous
calls, time delay calls and time repeated interval calls may be
generated using the “call” operation. Then, once all of the
operations have been executed, the execute method 1200
proceeds to block 1210, where it terminates.

As mentioned above, the execute method 1200 initiates
execution of particular operation handlers when interpreting
application logic. With continuing reference to the MyTasks
application described above, the functionality implemented
by particular operation handlers will be described. Since an
operation handler implements a state change, all data that an
operation handler utilizes is supplied. Moreover, aspects of
the present invention are configured so that operation han-
dlers do not return data. As such, operation handlers may be
implemented as stand-alone functions that are supplied with
everything used to execute without returning data. Accord-
ingly, process operations in an application may be executed
locally. However, since operation handlers are stand-alone
functions, they may be provided as a Web service, from a
server-side data center.

Now with reference to FIG. 13, an exemplary open han-
dling routine 1300 that utilizes an open operation handler will
be described. In the exemplary MyTasks application
described above (FIG. 6A), the application defines an Open
operation 612 having a value attribute that may be evaluated
to an XBind within the execute method 1200 (FIG. 12A).
Accordingly, an open operation handler may be called to
execute the open operation 612. In one embodiment, argu-
ments may be passed in the call to the open operation handler
that include a previously evaluated XBind and the appropriate
instance and process objects.

As illustrated in FIG. 13, at block 1302, the data type
recognizer is called within the open operation handler to open
a document. As mentioned above, a previously evaluated
XBind may point to a document or fragment (node) within a
document that is being opened. Among other things, the open
operation handler passes this previously evaluated XBind that
identifies the document being opened in the call to the data
type recognizer. Upon receiving the call, the data type recog-
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nizer performs processing at block 1304 to identify the file
type of the document referenced in the received XBind. In the
exemplary MyTasks application, the XBind passed to the data
type recognizer references the document entitled “MyTasks_
gui.xml.” In this example, the data type recognizer would
identify the file type as being an Ul XML document. As
mentioned previously, logic is provided within the data type
recognizer that associates actions with particular file types.
An exemplary set of actions initiated when the data type
recognizer is utilized to open a Ul XML document are
described below.

At block 1306 of the open handling routine 1300, the data
type recognizer passes a command to the view manager 908
indicating that a request to open an Ul XML document has
been received. Specifically, the view manager 908 is called to
create a view object that will be used to render a new user
interface or application view. As mentioned previously, the
user interface of an application may be described semanti-
cally in an Ul XML document (e.g., “MyTasks_gui.xml”). In
this regard, multiple view objects may be associated with
each application instance. Accordingly, in the call to the view
manager 908, the identifier of the appropriate instance and the
UI XML document that describes the new view may be sup-
plied by the data type recognizer.

As further illustrated in FIG. 13 at block 1308, execution of
logic that provides the semantic description of a new appli-
cation view is initiated. As mentioned previously, the view
manager 908 is responsible for instantiating a view object and
performing tasks that allow an application view described in
a Ul XML document to be rendered. To render a new appli-
cation view, component and dialog objects are instantiated
utilizing a view object. As described in further detail below
with reference to FIG. 23, these objects provided by the
present invention implement functionality that allow graphi-
cal elements described semantically in a Ul XML document
to be rendered on a computer display. Then, the open handling
routine 1300 proceeds to block 1310, where it terminates.

Now with reference to FIGS. 14A-14B, the utilization of a
data type recognizer in opening process and Ul XML docu-
ments will be described in additional detail. The illustration in
FIG. 14A depicts the process object 1400, open operation
handler 1402, data type recognizer 1404, instance object
1406, view manager 908, and the view object 1408 that inter-
act when an Ul XML document is opened. Accordingly, the
block diagram depicted in FIG. 14A may correspond to the
objects that are utilized by the open operation handling rou-
tine 1300 described above with reference to FIG. 13. The
opening of an application view may be initiated by the pro-
cess object 1400, which calls the open operation handler 1402
to open a particular document identified by an evaluated
XBind. Upon receiving the call, the open operation handler
1402 utilizes the data-type recognizer 1404 to identity a file
type and cause the appropriate actions to be performed. In the
embodiment when a Ul XML document is passed from the
open operation handler 1402 to the data type recognizer 1404,
actions are defined that facilitate opening and initiating
execution of an application’s view logic. Moreover, the data
typerecognizer 1404 is utilized to associate the resulting view
object 1408 with the appropriate instance object 1406.

In the example depicted in FIG. 14A, the view manager
908 is called by the data type recognizer 1404 when a call to
open a Ul XML document is received. In order to open and
execute logic in an Ul XML document, the view manager 908
instantiates and supplies the view object 1408 an identifier of
the instance object 1406 and an XBind referencing the appro-
priate Ul XML document. By passing data in this way, the
view object 1408 becomes aware of its associated instance.
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Once the view object 1408 is instantiated, execution of logic
that provides the semantic description of the new application
view is initiated utilizing functionality that is similar to the
process initiation routine 1100 (FIG. 11) described above.
Specifically, the view manager 908 may cause the appropriate
UI XML to be loaded into the client-side cache. Then, the
view object 1408 may be instantiated and used to render an
application’s user interface components and dialogs. How-
ever, unlike processes, multiple view objects may be instan-
tiated and associated with the same instance.

In an actual embodiment, aspects of the present invention
support lazy loading and/or rendering of an applications’ Ul
logic. To this end, XLinks implemented in accordance with a
standard defined by the World Wide Web Consortium may be
utilized to perform lazy loading and/or rendering of one or
more Ul XML documents. Those skilled in the art and others
will recognize that an XLink may be included in an XML
document that describes a link between different XML
resources. Unlike traditional HTML-based hyperlinks that
provide meaning to users in linking Web pages, XLinks are
more readily interpreted by software systems and computers.
Significantly, XLinks may contain logic that defines the con-
ditions that will activate the XLink as well as the actions to be
taken upon the activation. As a result, XLinks are well-suited
for performing on-demand and/or lazy rendering of an appli-
cations Ul logic. Instead of loading all of an applications’ Ul
logic when an the application is launched, XLinks may be
defined for linking to the appropriate XML resource on
demand. For example, in the exemplary MyTasks application
described above, the Button2 component 704 is “hidden”
after all of the applications’ user interface logic is loaded and
rendered. Equivalent functionality and improved perfor-
mance may be achieved by using an XLink to load and/or
render the Ul logic of the Button2 component 704 when
needed. In this example, the user interface logic associated
with the Button2 component 704 in the MyTasks_gui.xml
document 650 may include an XLink that references a local or
remote resource (e.g., another Ul XML document) that
defines the relevant user interface logic. When dictated by
application logic, this XLink may be used to load and/or
render the Ul logic corresponding to the Button2 component
704.

Once the open operation handler 1402 completes, the
resulting view object 1408 is returned to the data type recog-
nizer 1404. Then, the data type recognizer 1404 associates the
view object 1408 with the appropriate instance. Specifically,
when a new application view is created, the data type recog-
nizer 1404 passes the resulting view object 1408 to the
instance object 1406. In response, the MiniView manager
1412 is updated, thereby associating the view object 1408
with a corresponding instance. A more complex name is
assigned to the view object 1408 within the View manager
908 than is allocated to the same object by the MiniView
manager 1412. Specifically, the name assigned to the view
object 1408 within the View manager 908 includes the iden-
tifier of the corresponding instance object 1406. As described
in further detail below, by implementing a system for naming
objects in this way, the same view may be differentiated
between multiple application instances. By controlling the
passing of data in this way, aspects of the present invention
implement localized relationship hierarchies that delimit the
bounds of an application instance.

Now with reference to FIG. 14B, the utilization of the data
type recognizer 1404 in opening a process XML document
will be described in additional detail. Similar to FIG. 14 A, the
illustration in FIG. 14B depicts the process object 1400, data
type recognizer 1404, instance object 1406, as well as the
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process manager 906. Accordingly, the block diagram
depicted in FIG. 14B may correspond to the objects utilized
by the process initialization routine 1100 (FIG. 11). When a
process XML document is opened, the data type recognizer
1404 is utilized either in the context of an application package
or stand-alone application to identify the file type of the
document. In this example, the data type recognizer 1404
defines actions that facilitate opening and initiating execution
of logic described in the process XML document. Specifi-
cally, flow of execution proceeds from the data type recog-
nizer 1404 to the process manager 906 which instantiates the
process object 1400. Once a process XML document has been
opened, a reference to the resulting process object 1400 may
be returned to the data type recognizer 1404. Then, the data
type recognizer 1404 supplies the instance object 1406 with a
reference to the resulting process object 1400. In response,
the MiniProcess manager 1414 is updated, thereby associat-
ing the process object 1400 with a corresponding instance.

With reference to FIGS. 15A-B, an action operation that
provides an example regarding the use of the MiniView man-
ager in facilitating process execution will be described. Once
the Open operation 612 in the MyTasks application has been
executed, flow of execution proceeds to the Action operation
614 (FIG. 6A). In this regard, an action handling routine 1500
will be described with reference to FIGS. 15A-B which illus-
trates both the logic as well as the interactions between
objects involved in implementing the routine 1500.

As illustrated in FIG. 15A, the expression represented in
the value attribute of the Action operation 614 is evaluated
into an XBind, at block 1502. In the exemplary MyTasks
application, the Action operation 614 contains a value
attribute of “#MyTasks” which would be evaluated into an
XBind at block 1502. With specific reference now to FIG.
15B, functionality encapsulated in the expression engine
1550 may be used by the instance object 1552 to evaluate the
“#MyTasks” expression into an XBind. In this example, the
expression engine 1550 is configured to perform a lookup in
the MiniView manager 1554 for the view object that is named
“MyTasks.” When a new application view is created, the
resulting view object is passed to a corresponding instance
which updates the MiniView manager 1554 accordingly. In
this regard, the MyTasks view object is assigned a straight-
forward name within the MiniView manager 1554 held by the
instance than the more complex identifier used for the views
in the global View Manager 908. The more complex name is
not needed within the instance, since the complex name is
used to differentiate the views belonging to different
instances and applications. This information is something the
instance and its MiniView Manager 1554 already knows,
since the MiniView Manager 1554 holds its own views. By
providing this architecture, the expression engine 1550, with
the assistance of the MiniView Manager 1554, is able to
differentiate between views that are associated with different
instances and applications. Therefore, in the exemplary
MyTasks application, the MiniView manager 1554 would
include a view object named “MyTasks.” The view object
would also include a reference for the instance in which this
view object is associated. In evaluating the “#MyTasks”
expression, the expression engine 1550 would identify the
MyTasks view object 1558 as the source or “emitter” of the
operation. Specifically, the MyTasks view object 1558 asso-
ciated with the instance object 1552 is identified as the emitter
and not a “MyTasks” view object associated with a different
instance. Since the expression engine 1550 evaluates expres-
sions relative to the instance, the correct MyTasks view object
1558 that was the source of the event is identified utilizing the
MiniView manager 1554.
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In this example, the XBind returned to the process object
1556 would include the URL referencing the MyTasks_
guixml document 650 and the MyTasks view object 1558. An
indicator would be included with the XBind that the My Tasks
view object 1558 is the emitter or source of the operation
being executed. In cases when the lookup in the MiniView
manager 1554 does not identify a match to the object refer-
enced in the expression, the expression engine 1550 is con-
figured to perform a lookup in the view manager 908 to obtain
the relevant view object.

Atblock 1504 of the routine 1500, the process object 1556
initiates execution of the action operation handler 1560. In the
exemplary MyTasks application, the XBind previously evalu-
ated using the expression engine 1550 and the emitting
MyTasks view object 1558 are passed by the process object
1556 to the Action operation handler 1560. Then, at block
1506, the action operation handler 1560 causes the method, as
specified in the applications process logic, to be performed. In
this example, the Action operation 614 in the MyTasks appli-
cation defines the following “<component>" XML element
that identifies the method and target of the action to be per-
formed:

<component name="button2” action="hide” value=" ">

</component>

By defining this element, the application code is directing that
the component named “button2” be hidden. In one aspect,
view objects are encoded with generic methods for perform-
ing state manipulations on their associated user interface
components including, but not limited to, enable, disable,
hide, and show methods, etc. Since the MyTasks view object
1558 is passed to the action operation handler 1560, these
generic methods may be called directly on the object 1558. In
this example, the action operation handler calls the “hide”
method on the MyTasks view object 1558 and identifies the
Button2 component 1562 as the target component that will be
hidden. Then, the action handling routine 1500 proceeds to
block 1508, where it terminates.

Now with reference to FIG. 16, the implementation of a
bind operation handler will be described in additional detail.
Once the Open and Action operations 612-614 in the
MyTasks application has been executed, flow of execution
proceeds to the Bind operation 616 (FIG. 6A). As illustrated
in FIG. 16, the expression represented in the value attribute of
the Bind operation 616 is evaluated into an XBind and
returned to the appropriate process object, at block 1602.
Similar to the description provided above, the process object
utilizes an expression engine that is local to the instance to
evaluate the provided expression. In the exemplary Bind
operation 616, the “data/tasks.xml” expression would be
evaluated into the following XBind, at block 1602:

URL=data/tasks.xml

Base path=/

Selection=
The URL of this XBind references the data document that
stores task descriptions. Moreover, the base path references
the root node of the data document corresponding to the URL
and the selection aspect of this exemplary XBind is null.

At block 1604 of the bind handling routine 1600, the pro-
cess object being utilized to execute the current process step
initiates execution of a bind operation handler. In the call, the
bind operation handler receives a previously evaluated XBind
and the appropriate process and instance objects. As men-
tioned previously, developers are able to create operation
handlers in accordance with the process operation APIs that
define function call parameters and the XML semantic struc-
ture that may exist within the body of the operation. In this
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example, the Bind operation 616 (FIG. 6A) defines the fol-
lowing “<component>" XML element 618:

<component view="MyTasks” name="“input3” select="/
tasks/task/(@description”>
Accordingly, the bind operation handler (called at block
1604) is responsible for interpreting this logic to bind a par-
ticular component to a fragment within an XML document.
More generally, each operation handler is responsible for
interpreting the logic defined in the child elements of the
operation element. In this regard, the process operation APIs
allow developers to define the XML syntax in the body ofthe
operation so that the logic executed within an operation han-
dler may be configured as needed.

At block 1605, the view object corresponding to the com-
ponent that will be bound to the underlying XML document is
identified and returned to the bind operation handler. In this
example, the component element 618 interpreted by the bind
operation handler identifies the “Input3” component as being
created within the context of the “MyTasks” view object.
Since the appropriate instance object is supplied to the bind
operation handler, the correct view object may readily be
identified. Specifically, a lookup in the MiniView manager
1554 of the instance is performed and the “MyTasks” view
object is returned directly to the bind operation handler.

As illustrated in FIG. 16, a translated XBind is created
within the bind operation handler at block 1606. The XBind
that is passed into the bind operation handler identifies a
document (“data/tasks.xml”) that stores content utilized by
the MyTasks application. However, only a subset of the data
in the identified XML document will be bound to the Input3
component. Accordingly, the binding performed by the bind
operation 616 in this example is configured to narrow the
binding of the Input3 component to a fragment of the data in
the “data/tasks.xml” document identified by an XPath expres-
sion. Specifically, the select attribute in the component ele-
ment 618 includes an XPath expression that qualifies the
expression in the value attribute of the bind operation 616. In
this example, the XPath expression identifies the appropriate
fragment within the XML document that is used to qualify the
incoming XBind to the bind operation handler and create the
following translated XBind:

URL=data/tasks.xml

Base path=/tasks/task/@description

Selection=
The aforementioned translated XBind could be written in
shorthand notation as “data/tasks.xml#/tasks/task/@descrip-
tion.” In this regard, the URL of the translated XBind refer-
ences the XML document in the data model that stores the
relevant task descriptions. Within the XML document iden-
tified by the URL, the base path references the task element
and its corresponding description attribute. As described in
further detail below, an XBind may also include a “Selection”
that provides additional features in referencing fragments in
the data model.

At block 1608 of the bind handling routine 1600, the set
data function provided by the appropriate user interface com-
ponent is called. In this example, the Input3 component is the
subject of the Bind operation 616 and will be bound to a list of
task descriptions. The component APIs may be used to define
certain methods for setting data on a particular component. In
one embodiment, the Input3 component may include a set
data method that is called at block 1608. Significantly, the
appropriate component may be identified based on the view
object and the reference to the component name received at
block 1604 when the bind operation handler was called.

When called, the set data method will typically perform
administrative functions and error handling to ensure that a
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component is not already bound to an XML document in the
data model. Then, at block 1612, the Input3 component that is
the subject of the bind operation 616 is added as an update
listener to the “data/tasks.xml” document. As mentioned pre-
viously, the present invention provides a structured object-
oriented representation of the XML document in the form of
a document object. In one embodiment, document objects
serve as a wrapper to DOM (“Document Object Model”)
objects utilized by a Web browser and an XML parser. In this
regard, enhanced features are encoded within the document
object provided by the invention that includes the ability to
add any objects that exist within the network operating sys-
tem environment as listeners for updates made to the data
model. By way of example only, the objects that may be data
update listeners includes, but is not limited to, processes,
views, components, communication channels, etc. At block
1612, a call is made to add the Input3 component as an update
listener to the object that corresponds to the “data/tasks.xml”
document. In this regard, each document object maintains a
list of listeners that will be notified in response to a data
update. By issuing the call to add update listeners at block
1612, the Input3 component will become one of potentially
many data update listeners on the same document object.

Atdecision block 1614, a determination is made regarding
whether the component being added as an update listener to a
document utilizes rules. In one aspect, the present invention
supports functionality that allows rules to be associated with
a data binding component. In this regard, a rule handler may
be included in the data model that defines how components
and other objects will interpret their data binding. As
described in further detail below, rules allow generic compo-
nents to interpret, learn, and take appropriate action depend-
ing on the content in the data model. Accordingly, any XML
semantics or languages having different elements, attributes,
and hierarchies may understand and/or be bound to the same
type of generic component. In other words, components that
use rules do not need to be created specifically for a certain
data model. Instead, rules enable a generic set of components
to be used with any type of underlying data and therefore
facilitates true data abstraction in the MVC design paradigm.
The component does not need to understand the structure of
the underlying data model and may use rules to interpret
content to achieve the desired functionality. When establish-
ing a binding with a component that utilizes rules, function-
ality is implemented for setting and/or updating a rule handler
so that rules may be applied. In the call to add a component as
an update listener, a flag may be included to indicate whether
the component is a rule user. Accordingly, if the received flag
indicates that the component is not a rule user, the result of the
test performed at block 1614 is “no” and the bind handling
routine 1600 proceeds to block 1618, described in further
detail below. Conversely, if the received flag indicates that the
component is a rule user, the result of the test is “yes” and the
bind handling routine proceeds to block 1616. At block 1616,
a set rule routine 1600 is performed that applies and merges
rules of a data binding component to a rule handler main-
tained in the data model. In this regard, the logic implemented
by the set rule routine is described in further detail below with
reference to FIG. 21.

At block 1618 of the bind handling routine 1600, a call is
generated to update the user interface of the component that is
the subject of the bind operation. Methods defined in accor-
dance with the component APIs may be used in performing an
update of a user interface. Specifically, the component APIs
have developers provide logic that is used to implement an
“Update( )” method for a component. In this regard, logic that
may be implemented within the “Update( )” method is

5

20

25

30

35

40

45

50

55

60

65

44

described in further detail below with reference to FIG. 22. In
this example, the “Update( )” method associated with the
Input3 component will result in task descriptions maintained
in the data model being displayed. Then, the bind handling
routine 1600 proceeds to block 1620, where it terminates.
Once the Bind operation 616 completes execution, the new
data binding component will be notified of updates effecting
the data model (“data/tasks.xml”).

In the exemplary MyTasks application (FIG. 6A), the Bind
operation 616 is the last operation in the Initialize Application
process step 604 that is executed. Upon execution of the Bind
operation 616, processing of the MyTasks application
remains idle until the occurrence of a trigger. In this regard, a
trigger activation routine 1700 is described below with refer-
ence to FIG. 17. However, prior to discussing the utilization
of triggers, a description of functionality implemented by the
expression engine provided by the present invention will be
described in additional detail.

In existing platforms, developers are provided with the
same programming tools for both querying data and defining
anapplication’s computational logic. In this regard, program-
ming languages that are imperative in nature will eventually
cause all of an application’s logic to be represented as a
sequence of ordered statements. While the ordered nature of
imperative programming tools is well-suited for implement-
ing computational logic, the data querying capabilities of
imperative languages are less robust. Instead, non-imperative
language programming tools would be better-suited for que-
rying or otherwise accessing data. To this end, an expression
language is provided that allows developers to utilize non-
imperative programming tools when performing I/O. In this
regard, expressions are structured to be compatible with
XML syntax and delimited for use within the XMI.-based
programming languages provided by the present invention.
Specific examples are provided herein of how the process
XML language is readily able to utilize expressions. How-
ever, these examples should be construed as exemplary, as
expressions may be incorporated for use in other XML lan-
guages and also evaluated and used directly from program
code within objects.

Implementing a development platform configured to
execute applications that adhere to the MV C design paradigm
provides challenges with regard to accessing data that may
evolve at runtime. In one embodiment, XBinds provide a
standardized means for referencing in-memory objects,
documents, data subsets, etc. As mentioned previously, an
XBind is a three-dimensional data type comprised of an URL,
base path (e.g., an XPath expression that may reference a
fragment within an XML document or the entire XML docu-
ment), and a selection (e.g., a plurality of XPath expressions).
As will be clear from the examples described below, the
XBind data type provides a standardized way for objects that
may evolve at runtime to communicate their state. As such,
XBinds allow different parts of a loosely coupled system to
efficiently communicate their state information in a standard-
ized way. In this regard, XBinds provide a simple and
straightforward way of binding data to user interface compo-
nents. Through the use of the selections, the state of a com-
ponent is capable of being described in an XBind which may
be provided as input into other systems. More generally, each
object within the network operating system environment can
be queried at any time for an XBind that describes the object’s
state. Accordingly, an XBind describing the state of an object,
(e.g. component) may be set on a different object to “clone” or
transfer the components’ state. In another aspect, the XBind
associated with an object may be synchronized over the net-
work. As aresult, objects executing on remote computers may
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be updated using an XBind to maintain synchronized states.
This is one way in which aspects of the present invention
enable real-time collaboration over the network.

In one embodiment, XPath evaluations may be applied by
the expression engine. Those skilled in the art and others will
recognize that XPath is a standard of the World Wide Web
Consortium (W3C) that provides a language for identifying
and selecting data at a specified location in an XML docu-
ment. Moreover, XPath establishes conventions for formulat-
ing expressions that evaluate particular values. For example,
the XPath expression “/tasks/task/@description” is used in
the MyTasks application that includes the abbreviated syntax
of'the “@” symbol for selecting the attribute named “descrip-
tion.” This syntax complies with XPath conventions and is
used to reference a subset of data in an XML document that
fulfills a particular select or match parameter.

The expression language provided by the present invention
allows developers to reference in-memory objects that may
experience state changes at runtime. For example, the
“#MyTasks” and “#MyTask#input3” expressions reference
different view and component objects, respectively. Utilizing
straightforward notation, developers are able to distinguish
between references to these in-memory objects and their data
bindings. For example, if a developer is accessing data bound
to the “Input3” component instead of a reference to the object
itself, the “{#MyTasks#input3}” expression may be used.
This particular expression will evaluate to the value found
within the XML document referenced in the XBind associ-
ated with the Input3 that is within the MyTasks view. Upon
encountering an expression that contains curly brackets, the
expression engine will convert one or more XML nodes
bound to the identified object into text or XML. In this regard,
view and component objects provided by the present inven-
tion are aware of their data bindings and can always be que-
ried for their XBind. By evaluating expressions relative to an
instance, the expression engine is able to identify the appro-
priate object and a corresponding data binding in evaluating
these types of expressions. Accordingly, the expression lan-
guage allows developers to reference both in-memory objects
and their data bindings using the same straightforward nota-
tion. Moreover, expressions may reference external resources
identified by a URL that will be obtained automatically using
a communication channel.

Unlike existing systems which utilize XPath for navigation
and selection of data within documents, aspects of the present
invention allow in-memory objects and their associated data
to be referenced using XPath conventions. Assuming a com-
ponent named “Inputl” exists within an application view
called “MyView,” the following would be a valid expression
that is evaluated by the present invention:

{#MyView#input l#@name}

After areferenceto a XML document, variable, or in-memory
object, XPath conventions are applied after the last “#” char-
acter in the expression relative to the components XBind.
When a relative XPath expression is encountered, the base
path or selection within the component will be merged with
the supplied XPath as described with reference to the bind
handling routine 1600 (FIG. 16). In the exemplary expression
provided above, the last “#” denotes that XPath expression
(e.g., “@name”) is relative so that this XPath expression will
be merged with the components’ XBind. However, XPath
expressions evaluated by the present invention may also be
absolute. In evaluating an absolute XPath expression denoted
withthe “/” starting character, aspects of the present invention
will ignore any base path or selection of the components’
XBind. Aspects of the present invention utilize XPath con-
ventions in other ways than those described above. Additional

20

25

30

40

45

50

55

60

65

46

examples of the use of XPath conventions, as well as other
types of expressions that may be evaluated by the present
invention, may be found in the commonly assigned U.S.
Provisional Patent Application No. 60/976,339, entitled
“Network-Based Operating System,” filed Sep. 28, 2007, the
content of which is expressly incorporated herein by refer-
ence.

In one embodiment, properties of an in-memory object
may be accessed utilizing the expression language. These
properties may be accessed regardless of their data type
according to the following syntax:

#MyView.id

#MyView#inputl.name
Methods for performing actions on an in-memory object may
also be called utilizing the expression language. In this
regard, in-memory objects provided by the present invention
may be encoded with methods. Utilizing the expression lan-
guage, methods may be called directly on these objects. For
example, the following are types of expressions evaluated by
the present invention that would call a method on an object.

#MyView#maximize( )

#MyView#inputl.clear( )

Moreover, higher-order expressions that accept other expres-
sions as arguments are evaluated by the present invention. In
other words, the expression language supports recursive
evaluation of expressions consistent with non-imperative
programming techniques as the following example illus-
trates:

# MyView#{#MyView#inputl.getName( )}

In this example, the name of the Inputl component is evalu-
ated first in the inner expression using the getName( ) method.
The recursively evaluated expression identitying the compo-
nent name is then provided as a parameter of the outer expres-
sion. This is just one example of the way in which non-
imperative programming tools are integrated and used in
conjunction with the XML programming languages provided
by the present invention.

Within the network operating system environment, process
steps and associated operations may be performed in
response to the occurrence of a trigger. In other words, the
execution of process steps may be event driven. Accordingly,
when the MyTasks.xml document 600 is opened, the trigger
602 is registered so that flow may be directed to the appro-
priate process step when the trigger is activated. A trigger
activation routine 1700 will be described with reference to
FIGS. 17A-B which illustrate both the flow and interactions
between objects utilized to implement the routine 1700. As
mentioned previously, the MyTasks.xml document 600
defines the following trigger 602.

<trigger view="MyTasks”
event="select” step="2">
The trigger activation routine 1700 depicted in FIG. 17
assumes that a user selected the Buttonl component identi-
fied within this trigger element, thereby activating the trigger
602 at block 1702.

In response to the trigger being activated, the component
object where the trigger occurred passes a notify listeners call
to the event manager 914, at block 1704. In the call, the
appropriate component object provides a set of event data and
directs the event manager 914 to notify all event listeners that
registered a notifier object or other object matching the sup-
plied data. With specific reference to FIG. 17B, the Buttonl
component object 1750 associated with the MyTasks view
object 1752 would pass a notify listeners call to the event
manager 914 at block 1704. In the call, an expression identi-

component="button1”
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fying the component where the trigger event originated (e.g.,
“#MyTasks#buttonl”) as well as the event type (e.g.,
“select”) is supplied.

At block 1706, the event manager 914 alerts one or more
listening objects to the activation of the event. Specifically,
the event manager 914 performs a lookup in which the event
data passed from the Buttonl component object 1750 is
matched to data previously provided when the event listener
was registered. In this regard, the process initiation routine
1100 (FIG. 11) provides a description of how objects may
register an event listener in the event manager 914. In one
embodiment, each trigger encountered in a process XML
document will cause a corresponding notifier object as an
event listener to be pre-cached in memory when an applica-
tion is initially launched. The notifier object is pre-cached in
memory upon the initial launch of the application in antici-
pation that one or more application instances will cause the
trigger to be activated. The pre-cached notifier object is asso-
ciated with a view name, component name, and event type,
which collectively serve as a unique key in performing the
lookup at block 1706. In other words, only when a component
within a specified view experiences the type of event identi-
fied in the trigger will a corresponding notifier object be
notified of the event activation. As such, only a single notifier
object will register in the event manager 914 for a trigger
defined in a process XML document regardless of the number
of application instances that are executing. Even though mul-
tiple instances of an application exist, this architecture allows
the same notifier object to be reused by each ofthe application
instances. Additionally, this architecture allows the event
manager 914 to more efficiently iterate and notify listeners
since only a single trigger registers an event listener in the
form of a notifier object that is then shared by multiple appli-
cations instances. In other words, the performance of the
lookup performed at block 914 is not dependent on the num-
ber of application instances that are executing.

At block 1708 of the trigger activation routine 1700, the
appropriate instance that is associated with the activated event
(trigger) is identified. When alerted of the occurrence of an
event, arguments are passed to the event manager 914 that are
used to identify the appropriate listening object and the
affected instance. In this example, the expression identifying
the Button1 component object 1750 is supplied to the event
manager 914 and may be utilized to identify the appropriate
instance through accessing the components view object that
holds a reference to the instance it belongs to. As mentioned
previously, when opening an application view, a reference to
the instance is supplied to the resulting view object. Accord-
ingly, the MyTasks view object 1754 is aware of its associated
instance object 1758. Since component objects are created
within the context of a view, the Buttonl component object
1750 may utilize the MyTasks view object 1754 to identity
the appropriate instance, at block 1708. Once the appropriate
instance is known, the instance object 1758 is supplied to the
execute method in the process object.

The architecture depicted in FIG. 17B and the description
provided above illustrates how the present invention is able to
support stateless execution of process steps in a system that
supports event-driven execution of application logic. As men-
tioned previously, a single process XML document is utilized
to execute multiple applications instances. In this regard, a
process object may be repetitively re-used by different appli-
cation instances thereby providing an efficient platform for
executing applications. Even though only a single notifier
object 1756 is pre-cached for each trigger in an application,
the present invention allows the appropriate instance to be
supplied to the process object 1700. In this regard, the notifier
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object 1756 is activated when an event matching a unique key
comprising the view, component, and event type is received
by the event manager 914. Moreover, the event manager 914
is able to identify and provide the appropriate instance object
1758 to the notifier object 1758 utilizing the supplied com-
ponent, view or event listening object. At block 1712 of the
trigger activation routine 1700, a call to execute a process step
in an application is generated. As mentioned previously, the
process step that will be executed is cached in the notifier
object 1756 or known by the event listening object. Accord-
ingly, once the appropriate instance is supplied, the notifier
object 1756 may call the execute method (FIG. 12) at block
1712 supplying (1) the instance object 1758 that represents
the current runtime state of the application, and (2) the pro-
cess step (e.g., “2”) inthe application’s process logic that will
be executed. Then, the trigger activation routine 1700 pro-
ceeds to block 1714, where it terminates. Other event listen-
ing objects may also call a process object step or directly
execute its own custom code.

When the trigger in the MyTasks application is activated,
flow of execution proceeds to the Decision operation 620.
Generally described, the logic within the decision operation
620 performs atest to determine whether any text was entered
into the Input4 component when the trigger 602 was acti-
vated. In this regard, a decision handling routine 1800 that
implements the Decision operation 620 will be described
with reference to FIG. 18. As illustrated in FIG. 18, the
decision handling routine 1800 begins at block 1802 where an
expression is passed to the expression engine for evaluation.
In this example, the Decision operation 620 contains a value
attribute of “#MyTasks#input4” which would be passed to the
expression engine for evaluation at block 1802. As mentioned
previously, developers may utilize the expression language
provided by the present invention to reference in-memory
objects. Specifically, the “#MyTask#input4d” expression
selected and passed to the expression engine for evaluation at
block 1802 references a component object that may experi-
ence state changes as an application executes.

At decision block 1804, a determination is made regarding
whether the expression being evaluated references a compo-
nent that is associated with a data binding. In some instances,
a data binding may be defined in which data input and/or
displayed by the component is automatically propagated
between the component and the data model. On the other
hand, a component may be “atomic” or not associated with an
existing data binding. When evaluating expressions that ref-
erence atomic components, the expression engine imple-
ments functionality that allows data input/output from the
component or other data affecting the state of the component
to be accessed within the logic of an operation handler. By
implementing this functionality, the expression engine allows
this data to always be accessible using XML-based expres-
sions.

To make the determination regarding whether a component
is associated with a data binding at block 1804, the expression
engine may identify the component object named “Input4”
using the instance. As mentioned previously, component
objects provided by the present invention are aware of their
data bindings. Accordingly, once the appropriate component
object is identified, the expression engine may readily deter-
mine whether the component is atomic or associated with a
data binding. If the result of the test performed indicates the
component referenced in the expression is not associated with
a data binding, then the decision handling routine 1800 pro-
ceeds to block 1808, described in further detail below. Con-
versely, if the result of the test performed at block 1804
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indicates that the expression references a component associ-
ated with a data binding, then the decision handling routine
1800 proceeds to block 1806.

It block 1806 is reached, the component referenced in an
encountered expression is associated with a data binding. In
this instance, the expression is evaluated without creating a
temporary XBind to account for the non-existence of a data
binding. More specifically, the expression engine would
evaluate the “#MyTasks#input4” expression at block 1806
and request the XBind from the Input4 component. In this
example, the XBind returned by the expression engine would
provide the operation handler with everything needed to
execute.

In one embodiment, developers may provide XML seman-
tic descriptions to access data and otherwise perform 1/O.
However, an expression may actually request data that is only
available from an in-memory object implemented in a script-
ing language (e.g., Java Script). Accordingly, even though a
component is not associated with a binding, the present inven-
tion allows expressions to operate and access data associated
with the component using its corresponding in-memory
object. For example, the decision operation 620 in the
MyTasks application includes the following “<when>" XML
element 622.

<when test="text( )="" step="3"/>

<otherwise step="4"/>
The when element 622 includes the XPath expression
“text( )” which applies XPath evaluation conventions to
request text entered into the Input4 component. Since the
component is atomic, the requested data is not available using
an existing data binding. Instead, the present invention evalu-
ates XML -based expressions and allows data to be accessed
even though the requested data is not currently maintained in
the data model. Instead, a temporary XBind is created for the
object (e.g., component) that references a fragment within a
system-provided state document. As described in further
detail below, the system-provided state XML document may
contain all of the state information of the relevant component.

At block 1808 of the decision handling routine 1800, the
requested data is obtained from an in-memory object associ-
ated with an atomic component. Logic implemented within
an operation handler may utilize data that involves the state of
an atomic component. For example, if block 1808 of the
decision handling routine 1800 is reached, the Input4 com-
ponent is an atomic component that is not associated with a
data binding. Accordingly, the XPath expression “text( )”
within the body of the decision operation 620 requests data
involving the state of the component that is not bound to a
known document in the data model. To properly evaluate this
type of expression, the requested data should be available
from the data model. In this regard, the expression engine is
able to query the Input4 component for the relevant data since
the XBind requested in the expression does not exist.

In one embodiment, each time an atomic component is
referenced in an expression being evaluated, a system-pro-
vided state XML document is updated with the current state
of the component. As described in further detail below, a
temporary XBind may then be created that points to the
appropriate fragment within the system-provided state XML
document where the requested data may be obtained. Alter-
natively, the state of every component in the system (regard-
less of whether the component is atomic or associated with a
data binding) may constantly be propagated to a system-
provided state XML document utilizing the functionality
encapsulated in a State Manager. In this instance, the
requested data would already be available from the data
model and would be accessible using a translated XBind, as

20

25

30

35

40

45

50

55

60

65

50

described below. Significantly, this embodiment facilitates
synchronization of an application’s state across multiple cli-
ent computers. Moreover, by automatically propagating state
information to the data model in this way, the state of an
application may readily be restored if the application is closed
and subsequently opened.

At block 1810, a temporary XBind for accessing data
obtained from an atomic component is generated and
returned to the appropriate process object. When an applica-
tion includes an operation that utilizes an atomic component,
data may be obtained directly from the component object and
stored in the system-provided state document. A translated
XBind that is temporarily used to evaluate this expression is
generated that references the location in the state document
where the requested data may be obtained. In evaluating the
“#MyTask#inputd” expression, the expression engine may
generate an XBind that is similar to the following:

URL=#State

Base path=/states/state[ @qid="#MyTasks#input4’|

Selection=
The URL of this XBind references the system-provided state
XML document allocated to store component state informa-
tion. Moreover, the base path points to the node within the
state document where the text entered into the Input4 com-
ponent was stored, at block 1808. Once evaluated, the tem-
porary XBind is returned from the expression engine to the
appropriate process object. By storing state information and
generating a temporary XBind in this way, aspects of the
present invention allow developers to utilize XMIL.-based
expressions to reference components and their data regard-
less of whether the component is associated with a data bind-
ing. More generally, all operation handlers that access XML
documents are also able to work with and reference atomic
objects that are not associated with a data binding. As the
examples above illustrate, references to objects (e.g., compo-
nents) in expressions are evaluated into an XBind. As aresult,
aspects of the invention allow components to bind to each
other. When this type of binding is defined, the second com-
ponent effectively “clones™ the first component’s XBind. In
other words, the second component is provided with synchro-
nized XBinds from the first component. Data binding
between components are even possible when the target of the
binding is an atomic component. In this instance, the second
component will be associated with an XBind that references
the system provided state document describing the state of the
first component. Since the first component is atomic, this will
effectively create a master-slave relationship between the two
components.

As further illustrated in FIG. 18, a decision operation han-
dler is called at block 1812 to perform the evaluation defined
in the decision operation 606. In this regard, parameters are
passed in the call to the decision operation handler that may
include a temporary XBind if the operation involves an
atomic component. In one embodiment, developers are able
to create operations in accordance with the operations API
that define function call parameters and the XML semantic
structure that may exist within the body of the operation. In
the decision operation 620, elements are defined that allow
the flow of program execution to be directed based on the
result of an evaluated XPath expression. In this example, a
string comparison is performed within the decision operation
handler to determine whether text was entered into the Input4
component. Accordingly, the XPath expression (e.g.,
“text( )””) is evaluated within the decision operation handler
into text. In instances when the expression being evaluated
references data from an atomic component, the temporary
XBind that is translated in order to evaluate a particular
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expression is used to obtain the requested data. Specifically,
the XBind passed to the decision operation handler may
include a reference to the system-provided state document
where state data previously extracted from the Input4 com-
ponent is accessible.

Then, at block 1814, a call to execute the appropriate
process step in the application is generated. The result of the
evaluation performed within the decision operation handler
determines whether to direct the flow of execution to either
process step 608 or 610. When the decision operation handler
is called, an XBind as well as process and instance objects are
received. These received arguments allow the decision opera-
tion handler to readily initiate execution of the next appropri-
ate process step based on the result of the evaluation. In this
regard, the received arguments may be modified or directly
passed by the decision operation handler. Then, the decision
handling routine 1800 proceeds to block 1816, where it ter-
minates.

As mentioned previously, the decision operation 620
causes the flow of execution to proceed to process step 610 if
text was not entered in the Input4 component upon the occur-
rence of the trigger 602. The only operation in the process step
610 is the action operation 628 which will cause a button
component to be displayed. In this regard, the action opera-
tion 628 may be executed using the action operation handler
described above with reference to FIGS. 15A-B. Accord-
ingly, additional description of the functionality implemented
when program flow is directed to process step 610 will not be
described in further detail here.

When text is entered in the Input4 component upon the
occurrence of the trigger 602, execution of the MyTasks
application proceeds to the process step 608. The operation
defined within the process step 608 is a change operation 624
that will cause text input into a component to be added to an
XML document. In this regard, an exemplary change han-
dling routine 1900 that implements the data update using a
change operation handler will be described with reference to
FIG. 19.

As illustrated in FIG. 19, the change handling routine 1900
begins at block 1902 where an expression evaluation is per-
formed. Specifically, the “data/tasks.xml” expression in the
value attribute of the change operation 624 is evaluated into
an XBind at block 1902. In this example, the XBind that
results from the evaluation will consist of a URL and base
path that references the root node of the “data/tasks.xml”
document.

As the description above illustrates, an expression in the
value attribute of an operation is evaluated into an XBind for
each operation in an application. In one embodiment, expres-
sions within the body of an operation may be evaluated within
the logic implemented by an operator handler. Alternatively,
expressions within the body of an operation may be evaluated
before the appropriate operation handler is called. While both
embodiments are supported, evaluation of expressions within
the body of an operation in the logic of an operation handler
is preferred since it is more efficient. In this regard, the change
operation 624 includes the following “<store>" XML ele-
ment 626:

<store type="append” select="/tasks/task/@description”
value=

“{#MyTasks#input4}”

The “{#MyTasks#input4}” expression within the store ele-
ment 626 is evaluated into text at block 1904. As mentioned
previously, the expression engine provided by the present
invention allows developers to delimit expressions for evalu-
ation using the curly bracket notation. These expressions may
be defined in attributes, between elements, and other loca-
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tions in application code. In this example, logic within the
expression engine causes the “{#MyTasks#input4}” expres-
sion to be evaluated into text.

In general, the change operation implemented by the
present invention provides developers with a raw data
manipulation tool for performing all the necessary modifica-
tions to the contents of an XML document. In this regard, a
plurality of data manipulation primitives are provided that are
in essence consistent with the World Wide Web Consortium’s
DOM standard. Moreover, aspects of the invention provide
additional data manipulation primitives that include the
replaceText and delete children primitives. Accordingly, the
following exemplary primitives may be performed to modify
the contents of an XML document using the change operation
provided by the present invention: replace, replaceText,
append, prepend, insert, remove, remove children, new, and
delete. Those skilled in the art and others will recognize that
these supplied primitives may be used and combined to per-
form all of the necessary modifications to the data model. As
described in further detail below, any change operation affect-
ing the data model will cause a transaction to be created
within the transaction manager 910, that describes the exact
update that will be made.

At block 1906 of the change handling routine 1900, the
change operation handler is called by the appropriate process
object. When block 1906 is reached, the process object
executing the current process is able to pass the previously
evaluated XBind as well as the appropriate instance and pro-
cess objects to the change operation handler. As described in
further detail below, the change operation handler utilizes the
received arguments to modify the contents of an XML docu-
ment.

At decision block 1908 of the change handling routine
1900, a determination is made regarding whether the change
operation being executed defines a data transform. The value
attribute defined in the change operation 624 identifies the
document that is the subject of the change operation (e.g.,
“data/tasks.xml”). Within the store element 626, the select
attribute may contain an XPath expression (e.g., tasks/task/
(@description) referencing a location within the specified
XML document where the data modification will be per-
formed. Moreover, the select attribute may include an expres-
sion (e.g., “{#MyTasks#input4 }”) that evaluates content that
will be appended, replaced, or included in the XML docu-
ment. In one embodiment, aspects of the present invention
allow data to be transformed within the change operation
before being appended, replaced, or added to the data model.
For example, the store element 626 could include a transform
attribute that references an XSLT (Extensible Stylesheet Lan-
guage Transformation) for performing a particular data trans-
form. When this type of data transform is defined, the result of
the test performed at block 1908 is “yes” and the routine 1900
proceeds to block 1910. However, the change operation 624
in the exemplary MyTasks application does not include a
transform attribute. In this instance, the result of the test
performed at block 1908 would be “no,” and the routine 1900
would proceed to block 1912, described in further detail
below.

At block 1910, a data transform is applied based on logic
defined within a change operation. In an actual embodiment,
the store element in a change operation may include a trans-
form attribute that references an XSLT document. Logic
within the XSLT document may be applied to transform data
from a source format into a destination format at block 1910.
Traditionally, XSLT has been used to transform data to sup-
port the dynamic creation and modifications of Web pages. In
addition, XSLT is also used to transform between XML busi-
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ness format languages and their corresponding structures as
part of Electronic Data Interchange (EDI) integration servers.
However, these examples are merely exemplary and XSLT is
utilized in other instances. Moreover, other transform lan-
guages could be used in conjunction with the present inven-
tion and the use of XSLT should not be construed as limiting.
In any event, those skilled in the art and others will recognize
that XSLT is an XML -based language for defining transforms
between various markup languages (XML, HTML, XHTML,
etc.) as well as between XML schemas and XML documents
implementing different XML schemas or DTDs (Document
Type Definition). In this regard, an XSLT processor may be
used by the change operation handler to apply the data trans-
form, at block 1910. By supporting the dynamic application
of transforms in this way, an enhanced development platform
is provided in which applications are better equipped to
exchange data, interact, and integrate/re-use functionality.

A computer user will typically employ multiple applica-
tions such as e-mail, Web browsers, calendar applications,
word processors, media players, and the like. However, the
data formats and logic used by different applications are
seldom compatible using existing systems. For example, an
e-mail program may allow users to define a “contact” that is
used to store and access information related to another user.
On the other hand, a calendaring application allows users to
create and track meetings and appointments involving other
users, groups, etc. In response to reviewing a message from a
contact defined in the e-mail program, a user may want to
automatically create a new meeting in the calendaring appli-
cation. However, supporting functionality that allows difter-
ent applications to interact in this way is not readily per-
formed using existing systems.

The data transform applied at block 1910 occurs before the
raw data manipulation of the change operation is performed.
By supporting this type of dynamic application of data trans-
forms, aspects of the present invention provide application
developers better opportunities to leverage functionality and
data available from other applications. In the example pro-
vided above, a data transform may be performed that readily
allows an e-mail and calendaring application to interact. For
example, an XSLT transform may be defined for converting a
received e-mail and/or contact into a data item describing a
new appointment. In this regard, the transform may utilize the
contact information, the content of an e-mail message, and/or
input from the user to establish the attributes of the meeting.
Within the change operation, this type of XSLT transform
may be applied that allows different applications to commu-
nicate even though different underlying schemas and XML
structures are used.

At block 1912 of the change handling routine 1900, a call
to perform the specific data update represented in the change
operation is made to the appropriate URL object. As
described in further detail below, a URL object provided by
the present invention serves as a lightweight pointer that
exposes methods for performing each of the different types of
data modification primitives (described above) that are sup-
ported by the change operation handler. Accordingly, the
change operation handler utilizes the received XBind and
logic within the change operation 626 to identify the appro-
priate URL object to call. It should be well understood that the
utilization of a URL object is merely implemented to obstruct
the details of interaction with documents and the invention
could readily be implemented in other ways. Once the call to
the URL object is made, flow of execution proceeds to the
data update routine 2000 described below with reference to
FIG. 20. Then, the change handling routine 1900 proceeds to
block 1914, where it terminates.

20

25

30

35

40

45

50

55

60

65

54

Now with reference to FIGS. 20A-C, a data update routine
2000 and the interaction between objects used by the routine
2000 will be described. The data update routine 2000
depicted in FIG. 20 illustrates two instances beginning at
blocks 2002 or 2004 where a data update is performed. In the
embodiment when the data update routine 2000 begins at
block 2002, a URL object receives a call to perform a data
update within the context of a change operation handler 1250.
As described above, an application may include a change
operation for modifying the contents of an XML document.
Accordingly, the change handling routine 1900 (FIG. 19)
may generate a call to perform a data update on the specified
URL object 1253 that is received at block 2002.

When the routine 2000 begins at block 2004, a call to
perform a data update on the specified URL object 1253
originates from a user interface component. When a binding
is defined, a component becomes aware of the URL and XML
document associated with the binding. For example, the
Input3 component in the MyTasks application would receive
a URL object corresponding to the “data/tasks.xml” docu-
ment when the Bind operation 616 is executed. As described
in further detail below and in accordance with one embodi-
ment, a Web browser that utilizes the HTML DOM may be
employed to render a user interface. In this embodiment,
component objects created in the context of a corresponding
view object cause various event listeners to be registered on
the HTML DOM utilized by the Web browser. A component
may listen for events affecting the HTML DOM that occur
when, for example, a user provides input or otherwise inter-
acts with the user interface displayed by the Web Browser.
With specific reference to FIG. 20B, the component 1252
interprets the received data and generates a call to its URL
object 1253 to cause a data update event to be implemented.
For example, when the “Update Presentation” task is deleted
in the exemplary MyTasks application, a URL object that
corresponds to the “data/tasks.xml” document is created and
called to delete the task description from the data model. As
described in further detail below, the URL object 1253 will
then communicate the data update to the transaction manager
910. In turn, the transaction manager 910 will propagate the
data update to the underlying XML document object that
actually causes the data update to be implemented. In addition
to implementing the data update, the document object 1254
will cause the data update to be propagated to all the appro-
priate listening data update objects. These listening objects
are frequently components but may be other types of objects.
An XML document may be shared across remote computers
that listen for changes that occur to the XML document
object. However, the data update to the local document object
1254 maintained in client-side cache is implemented before
the data update is propagated to any remote listeners. In other
words, the full network update is performed subsequent to the
data update being implemented locally.

At block 2006 of the data update routine 2000, the URL
object 1253 corresponding to the document object 1254 that
will be updated causes a new transaction to be generated. In
this regard, the transaction manager 910 is called, at block
2006, which creates a new “transaction” or XML fragment
that represents a relative change to an XML document. In one
embodiment, the transaction manager 910 includes informa-
tion in the XML fragment for both implementing and revers-
ing the relative change. Moreover, regardless of whether the
data update originates from the context of a component or the
change operation handler, an XBind serialized into XML is
included with the transaction created at block 2006. As
described in further detail below, the transaction manager 910
causes the data update to be implemented both locally and
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propagated to any remote listeners. In either instance, an
XBind is supplied that identifies the location in the data model
where the data update will be performed and XML formatted
data that contains logic for reverting the requested data
manipulation operation, referred to herein as performing a
“rollback.”

Atblock 2008, the transaction manager 910 causes the data
update to be implemented locally. A transaction may repre-
sent a session that consists of multiple and potentially differ-
ent types of modifications to the data model. Accordingly, in
a data notification event, one or more update event objects are
created that represent a unit in which modifications to the data
model are described. On the other hand, a transaction fully
describes one or more changes being made to the data model
and logic for reverting these changes. Moreover, in addition
to sending out data notification events, document objects
provide methods for modifying the actual contents of an
underlying XML document as represented in update event
objects. Specifically, each data manipulation primitive that
may be performed on an XML document (replace, append,
prepend, insert, etc.) is implemented in corresponding meth-
ods provided by the URL object 1253, the transaction man-
ager 910, and the document object 1254.

As further illustrated in FIG. 20 at block 2012, the trans-
action manager 910 calls the communication manager 1256
to propagate the transaction to any remote listeners. In this
regard, the communication manager 1256 allows applications
to instantiate channels that abstract communications with
remote network services. Based on the received XBind, the
communication manager 1256 will identify the appropriate
communication channel for transmitting the transaction over
the network, if any. As described in further detail below,
communication channels operate under different protocols as
defined by the URL standard. For example, the appropriate
communication channel may be identified in the protocol
identified in the URL such as “http://,” “xios://,” or “data-
base://.” Using logic obtained according to communicator
APIs, the data received from the transaction manager 910 is
translated into a format understood by a remote network
service. In this regard, systems and methods for performing
network communications using communication channels
will be described in further detail below. Significantly, logic
for notifying and updating local data listeners is performed
before, and independently from, a corresponding transaction
being transmitted over the network. In one embodiment, the
present invention is configured to propagate transactions over
the network asynchronously. As a result, execution of appli-
cation logic locally is not hindered by network latency or
other delays that are inherent in network communications.
Then, once the transaction is provided to the appropriate
channel, the data update routine 2000 proceeds to block 2014,
where it terminates.

Now with reference to FI1G. 20C, an exemplary networking
environment suitable for illustrating how transactions are
propagated between remote clients will be described. As
mentioned previously, the transaction manager 910 causes
transactions or data fragments that represent a relative change
to documents stored locally to be propagated to any remote
listeners. In the example depicted in FIG. 20C, transactions
originating with clients 2080 and 2082 are continuously
transmitted to the XML file system 2084 maintained at a
server-side data center. Specifically, each of the clients 2080
and 2082 propagate the transactions 2086-2088 and 2090-
2092 to the actively shared document 2093. Any data updates
to the document objects 2094 or 2096 performed locally in the
client-side cache 2098 are identified and propagated to the
XML file system 2084 so that the clients 2080 and 2082 are
able to share data in real time.

Now with reference to FIG. 21, an additional description
regarding how rules are applied to provide more-intelligent
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components will be described. When bound to data, any rules
associated with a component are applied and allocated a
unique namespace in the data model. Generally described,
rules allow generic components to interpret, learn, and take
appropriate action depending on the content in the data
model. In other words, a rule using component does not need
to be created for specific data models. In this regard, the bind
handling routine 1600 described above (FIG. 16) may deter-
mine that a particular component utilizes rules. In this
instance, the set rule routine 2100 described with reference to
FIG. 21 may be called to apply and merge rules associated
with the data binding of a new component. In one embodi-
ment, the unique XML namespace of a component’s rules are
merged into the data model and readily available to the com-
ponents that are bound to the data model. In an alternative
embodiment, the rules associated with the component may be
stored remotely and accessible through Web services or addi-
tional XML documents.

As illustrated in FIG. 21, the set rule routine 2100 begins at
block 2102, and at decision block 2104, a determination is
made regarding whether a rule handler for the appropriate
document is defined. In this regard, rule handlers allow rules
associated with different components to be executed relative
to the same data. Each rule-using component bound to an
XML document will provide logic (e.g., “rules”) to a corre-
sponding rule handler maintained in the data model. Accord-
ingly, if a component that utilizes rules was previously bound
to the relevant document, then a corresponding rule handler
will exist, and the routine 2100 proceeds to block 2108,
described in further detail below. In this regard, if multiple
rule-using components are bound to the same document, the
same rule handler is used for all of these components. Con-
versely, if a rule-using component was not previously bound
to the relevant document, then the routine 2100 proceeds to
block 2106. As further illustrated in FIG. 21 at block 2106, a
new rule handler is created for holding the rules of each
component bound to the same underlying data.

As mentioned previously, a set of generic components of
the type used by modern graphically-based applications is
provided. By defining rules, generic components provided by
the present invention do not need to understand anything
about the underlying data model. In this regard, FIG. 8A
illustrates a tree component 800 that visually depicts the
hierarchy of folders in a file system and includes folder
names, icons, and the like. Rules may be defined that provide
logic for populating a generic tree component with content
that is maintained in the data model. For example, aspects of
the present invention may describe the contents of a file
system in a folders.xml document in which each element in
the document represents a diftferent folder. Data associated
with particular folders such as an identifier, icon, and the like
may be identified according to attributes within a folder ele-
ment. By way of example only, the following rules may be
defined to interpret content in the folders.xml document for
display in the tree component 800 depicted in FIG. 8A.

<tree name = “folder tree”>
<rule match="folder” display="@id”/>
<rule match="folder [@id =*email’]” display="@id” icon=
“icons/mailicon.png”/>

</tree>

In this regard, the first rule element with the match attribute of
“folder” and the display attribute of “@id” would cause the
contents of the “id” attribute in the folders.xml document to
be displayed as the folder name. Accordingly, the names
allocated to folders in the tree component 800 depicted in
FIG. 8A may be defined utilizing a rule. The second rule
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element with the match attribute of “folder [@id=‘email’ |”
would cause the folder that has the name attribute of “email”
to be allocated a particular icon associated with e-mail mes-
sages, as depicted in FIG. 8A. It should be well understood
that the rules provided above are merely exemplary and only
include a subset of the logic that would actually be used to
populate the content of the tree component 800. In the event
that the structure of the folders.xml document is modified, a
component’s rules may be readily updated to account for the
change. Moreover, rule-using components will be notified of
the changes in the same way as other data updates. Specifi-
cally, an event update object may be created and used to notify
the component of the changes utilizing the notify listeners
routine 2200 of the data update event notification bus
described in further detail below.

With reference again to FIG. 21, the rules of the component
being bound to the data model are applied at block 2108.
Once a rule handler is created, a component that is the subject
of'the bind operation provides its rules to the appropriate rule
handler. In this regard, a rule handler serves as an extension to
the data model and manages the rules of different data binding
components that are bound to the same document. In one
embodiment, namespaces may be allocated in the data model
that separate the vocabularies of different rule using compo-
nents or objects. By allocating and managing component
rules utilizing namespaces, the rule handler is able to execute
all component rules in a way that prevents collisions within
the data model.

In applying new rules at block 2108, the rule handler is
invoked and causes the rules of each component bound to the
relevant document to be executed. In other words, the rules
associated with potentially multiple data binding components
are executed relative to the current version of the data model.
Then, once all of the rules have been executed, the component
that is the subject of the bind operation is made aware of its
corresponding assigned namespace by the rule handler. Spe-
cifically, the rule handler passes a reference to the component
associated with the new data binding that identifies the
namespace in the data model allocated to the components’
rules.

At block 2110 of the set rule routine 2100, rules associated
with a component that is the subject of the bind operation are
merged with the rules of other components. Developers may
define the semantic logic of a component’s rules utilizing the
XML-based languages provided by the present invention. By
way of example, a rule may include XPath expressions, Ul
XML logic references, elements that describe other compo-
nents, variables, aliases and other references to data outside
the container of a rule namespace. In this regard, data bind-
ings of different components may have transitive relation-
ships by virtue of their associated application and rule logic.
Accordingly, the rules of different components working on
the same underlying data are also maintained in the data
model. Once a component is made aware of its namespace, a
call is generated to set new data on the component. In this
case, the call to set new data on the component will cause the
semantic logic of a component’s rules to be included in the
data model in a namespace that is separate from the rules
associated with other components.

Atblock 2112, a call is generated that causes a data update
as reflected in the data model to be propagated to any data
update listeners. As mentioned previously, document objects
maintain a list of listeners that are notified in response to a
data update. When new rules are added to the data model, as
occurs at block 2110, the corresponding listeners will be
notified of the data update. In this regard, the logic for noti-
fying listeners of an update is described in further detail
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below with reference to FIG. 22. Then, the set rule routine
2100 proceeds to block 2114, where it terminates.

Inthe examples above, bindings were defined that caused a
component to automatically display content maintained in the
data model. By using bindings in this way, developers are
freed from having to provide logic in application code for
setting and updating data on user interface components. How-
ever, the examples above are highly simplified and only
reflect one exemplary aspect of the present invention. In this
regard, bindings and their corresponding XBinds enable the
implementation of more sophisticated functionality.

In one embodiment, the present invention provides a stan-
dardized means for objects to describe, store, and communi-
cate their current state. By way of example, FIG. 8A illus-
trates a tree component 800 that allows a user to navigate and
select folders from a file system. A user selection may be
described in an XBind, which provides a standardized vari-
able format in the network operating system environment. In
the example depicted in FIG. 8A, the user made a series of
selections to navigate to the folder entitled “video_encoding.”
The state of the tree component 800 with regard to the selec-
tion of this particular folder may be described in the following
XBind:

URL.: folders.xml

XPath: /

Selection: /folders/research/work/video_encoding/

The example provided above is simplified and used for illus-
trative purposes only. In an actual embodiment, the XBind
that describe the state of the tree component 800 would actu-

ally be:
URL: folders.xml
XPath: /
Selection:  /fs:folder/fs:folder[@name="research’ |/fs:

folder[ @name="work’ |/fs:folder[@name="videoencoding]
All of the XBinds described herein may be used to reference
data regardless of where the data is stored. Accordingly if the
underlying data was maintained at a network location, the
above selection could be described in the following XBind:

URL: http://www.networkdomain.com.folders.xml

Base path: /

Selection: /folders/research/work/video_encoding/
In any event, other objects will frequently use an XBind
describing a user selection as the basis for performing actions
or otherwise implementing application functionality. As
illustrated in FIG. 8B, the list component 850 displays file
system data that may be based on a user selection made from
the tree component 800. For example, the list component 850
could be configured to display documents (e.g., “whitepap-
er.txt,” “testresults.xml,” and “blog.html”’) based on the folder
selected in the tree component 800. The XBind describing the
selection is output to the shared data model by the tree com-
ponent 800. In turn, this XBind may be provided as input into
other listening objects (e.g., the list component 850). Accord-
ingly, the input provided to one object (i.e., the list component
850) is interleaved with output previously persisted to the
data model from a different object (i.e., the tree component
800). The implementation of an XBind provides a generic
variable format that enables this interleaving of /O in which
values accessed from the data model depend on the values of
previous I/O. In this regard, the internal computational logic
of objects that implement the XML virtual machine is
decoupled from their interactions with other objects and sys-
tems. In one aspect, XBinds provide a standardized variable
format that is used to model interactions and allow this decou-
pling. XBinds provided by the present invention does not
contain values to requested data. Instead, XBinds reference
locations where data can be obtained thereby allowing difter-






