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(57) ABSTRACT 
A method and system to process a domain. A domain is 
modeled With one or more domain models. Support models 
are generated from domain models. An ontological system 
utiliZes the support models to interact With and manipulate 
the domain models. Further, the support models are used to 
describe domain model states. 
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METHOD, APPARATUS, AND SYSTEM FOR DATA 
MODELING AND PROCESSING 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/361,746, ?led Mar. 4, 2002. 

FIELD 

[0002] An embodiment of the invention relates generally 
to the ?eld of information processing and to information 
modeling systems, and more particularly, relates to model 
ing a domain, interacting With the domain and manipulating 
the domain. 

BACKGROUND 

[0003] Modem ontological systems are handicapped by 
inconsistent approaches to storing, searching, transmitting, 
and publishing data and/or services. These inconsistencies 
prevent modelers (e.g., the people or computer system 
responsible for creating the ontology) from effectively in?u 
encing the system Without signi?cant effort. For example, an 
ontology change may need to be re?ected in a model, such 
as an XML Schema, as Well as in any transmitted instances 
of the ontology such as in XML Documents. In addition, 
changes may also need to be re?ected in the database storing 
the instances of models (in the case of a relational database 
management system (RDBMS), for example, tables may 
need to be modi?ed, created, or deleted). Furthermore, 
object classes created for use in an object-orientated system 
may also need to be modi?ed and recompiled. 

[0004] Tools can signi?cantly reduce the burden on the 
modeler by alloWing for automatic generation of alternative 
forms of the models after changing an XML Schema or 
document type de?nition HoWever these tools in 
themselves are not sufficient for a robust ontology-based 
system that requires that such models (or instances of the 
models) be published, maintained, discovered, searched, 
transmitted or can trigger events. 

SUMMARY OF THE INVENTION 

[0005] A method to process a domain. The method 
includes modeling the domain With at least one domain 
model; generating support models for an ontological system 
to interact With and manipulate the at least one domain 
model; and using the support models to describe domain 
model states. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The features of the present invention Will be more 
fully understood by reference to the accompanying draW 
ings, in Which: 

[0007] FIGS. 1a and 1b illustrate a system in accordance 
With one embodiment of the present invention; 

[0008] FIG. 2 is a How chart of one embodiment of a 
method according to the teachings of the present invention; 

[0009] FIG. 3 is a How chart of an exemplary process for 
generating data models/components in accordance With one 
embodiment of the present invention; 
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[0010] FIG. 4 is a How chart of an exemplary process for 
generating selector schemas according to one embodiment 
of the present invention; 

[0011] FIG. 5 is a How chart of an exemplary process for 
generating classes from schemas; 

[0012] FIG. 6 is a How chart of an exemplary process for 
generating database tables from object classes in accordance 
With one embodiment of the present invention; 

[0013] FIG. 7 is a How chart of an exemplary process for 
data transmission according to one embodiment of the 
present invention; 

[0014] FIG. 8 is a How chart of an exemplary search 
process in accordance With one embodiment of the present 
invention; 
[0015] FIG. 9 is a How chart of an exemplary process for 
event subscription process in accordance With one embodi 
ment of the present invention; 

[0016] FIG. 10 is a How chart of an exemplary process for 
event noti?cation in accordance With one embodiment of the 
present invention; 

[0017] FIG. 11 is a How chart of an exemplary Work?oW 
process in accordance With one embodiment of the present 
invention; 
[0018] FIG. 12 is a How chart of an exemplary process for 
data retrieval in accordance With one embodiment of the 
present invention; 

[0019] FIG. 13 is a block diagram illustrating a system to 
process a domain. 

[0020] FIG. 14 shoWs a diagrammatic representation of an 
exemplary machine. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] According to one aspect of the present invention, 
an ontological modeling system is provided that alloWs for 
seamless integration of the ontology With various processes 
including but not limited to transmission, discovery, noti? 
cation, searching, ?ltering and storing processes. The inven 
tion builds upon an ontology to alloW expression of rela 
tionships betWeen the ontology and alloW for the description 
of various models that exist Within the ontology. In one 
embodiment, a system is provided that alloWs for several 
processes including but not limited to ontology-based Work 
?oW, searching, and event subscription. Furthermore, the 
invention alloWs for de?nitions of Work?oW, searches and 
event subscription based on the models de?ned as being part 
of the modeling system. 

[0022] To accomplish this integration of processes and the 
ontology, the present invention, in one embodiment, may be 
comprised of the folloWing: a set of tools capable of 
generating components, object classes and database tables 
using XML Schemas or DTD’s as templates, and (ii) a set of 
services that utiliZe the components, object classes and 
tables generated by the tools. 

[0023] In one embodiment of the invention, a human 
modeler creates one or more XML Schema by interacting 
With a computer using input and output devices. The set of 
tools then generates the various components such as Selector 
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Schema, Java objects and database tables, etc. The system 
then utilizes these components for use With various services 
that may include storage of model instances, transmission of 
model instances, discovery of services, noti?cation of 
events, and searching through stored instances. 

[0024] As discussed in detail herein, the present invention 
provides a method, apparatus, system, and machine-readable 
medium for establishing a consistent infrastructure for data 
modeling and processing including publishing, searching, 
describing, ?ltering, processing, storing and notifying based 
on underlying ontological models Which describes an exem 
plary domain. Model-based component generation is an 
important aspect concerning the performance and usability 
of the overall system. FolloWing component generation, the 
various components can be used by the system for various 
purposes and/or functions. Various aspects of component 
usage are discussed in detail herein including data transmis 
sion and manipulation of models, data search on a repository 
of models, event subscription and Work?oW. In addition, 
indirect transfer of information using URLs Within models is 
also discussed. 

[0025] In one embodiment of the present invention, a 
system as described herein includes various components 
including component generation tools, components for 
transmission of models across systems, components for 
event subscription and noti?cation, components for service 
publication and discovery, etc. In addition, the system may 
include other components such as searching components. 

[0026] Often a system can Work alone. HoWever, systems 
may also interact and such systems can be con?gured to 
communicate to each other, as shoWn in FIG. 1a, Where 
several systems or ‘nodes’ are con?gured to interact With 
each other. 

[0027] FIG. 1b illustrates a platform according to the 
teachings of the present invention that enables a modeler to 
publish models Which can be incorporated into a system and 
used by users not only to describe model instances but also 
to alloW for various protocols or processes for users to 
search for models, subscribe to events, de?ne Work?oW and 
other system processes. 

[0028] Models 

[0029] In one embodiment of the present invention, the 
models may be de?ned as XML Schema and can include 
such features as inheritance (from other XML Schema types) 
as Well as other features de?ned in the XML Schema 
speci?cation. (More information regarding XML Schema 
speci?cation is available for reference at WWW.W3c.org.) 
Alternatively, With minor modi?cations, model de?nitions 
can be created using DTDs (Document Type De?nitions) or 
can be de?ned as classes (such as Java classes) or database 
tables, and from these alternative representations XML 
Schema could then be generated. 

[0030] Models, in one embodiment of the present inven 
tion, can be represented as complex types, according to the 
XML Schema speci?cation. The complex types can be 
assembled using properties that are simple types de?ned by 
the XML Schema speci?cation and/or other complex types 
(that are also created in accordance With the Schema speci 
?cation). Additionally, complex types can be created from 
other types using inheritance as speci?ed by the XML 
Schema speci?cation. 
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[0031] In one embodiment, there are several speci?c mod 
els that are used by the system for various tasks, such as a 
Work?oW model, an event model and a service descriptor 
model. TWo types of exemplary support models that are used 
for the system operations are discussed in more detail beloW, 
the Selector models and the Criterion models. These support 
models are used to describe exemplary domain models that 
may be passed around the system. In one embodiment, 
domain models may not be used explicitly by the system for 
basic system functionality but may be passed betWeen 
systems or generated for use by particular services that 
reside on a given system. 

[0032] Selector Schema 

[0033] Selector Schemas are generated from the original 
Schema developed by the modeler. The Selector generator 
tool used in this implementation and is discussed further 
beloW in the Generation Tools section. The Selector Sche 
mas are used by the system for a Wide variety of functions, 
from searching a collection of models to service discovery 
to event subscription. Each Selector Schema alloWs selec 
tion criteria for a given object type to be de?ned. 

[0034] For illustration purposes, naming conventions used 
in this system are the folloWing: for a complex object 
de?ned as ‘X’, a Selector object created for that object is 
named as ‘XSelector’. For example, for an object called 
Basketball, a Selector object call BasketballSelector Would 
be de?ned. Other naming conventions of course can be used 
depending on the various applications and/or implementa 
tions of the present invention. In other applications or 
implementations, naming conventions may not be required. 

[0035] For every simple property in the object being 
described, the Selector Schema alloWs selection criteria to 
be de?ned for that property using a Criterion object (dis 
cussed further beloW in the Criterion Schema section). For 
every complex property in the object being described, the 
Selector Schema may contain another Selector object cor 
responding to the complex property type in the original 
object. For example, folloWing one naming convention, if an 
object had a property named ‘ball’ of complex type ‘Bas 
ketball’, the Selector Schema for that object Would contain 
a property named ‘ball’ of complex type ‘BasketballSelec 
tor’. 

[0036] Criterion Schema 

[0037] For every simple property in the object being 
described, the Selector Schema alloWs selection criteria to 
be de?ned for that property. This is done using a special type 
created for the system, called a Criterion type. This type 
alloWs for the de?nition of criteria for a simple property. For 
example, if a model contains an integer property called ‘id’, 
the Selector Schema alloWs for the de?nition of ‘id>100’ 
using a Criterion object. When applied in the context of a 
search of a collection of models, such as in a database, the 
Selector Schema in this case Would alloW the user to ?nd all 
models of the type de?ned by the Selector that also had a ‘id’ 
property greater than the value ‘100’. 

[0038] Model-Based Component Generation Tools 

[0039] In one embodiment, there are three distinct com 
ponent generation tools that are used to automatically gen 
erated components based on the model de?nitions created by 
the modeler. 
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[0040] FIG. 2 shows a How diagram of a process for 
generating data models or objects in accordance With one 
embodiment of the present invention. The process can be 
performed by a series of tools or by a single tool comprised 
of these tools. Initially, the modeler generates schemas (e.g., 
XML Schemas) that represent objects for use by the system 
(block 2.1). 
[0041] After the models have been created as one or more 
XML Schemas, the Schemas are used to create neW XML 
Schema that act as Selectors in the system (block 2.2). The 
creation or generation of schemas for selectors are described 
in more detail beloW. The enhanced collection of XML 
Schemas is then used to generate source code such as Java 
source code and/or class ?les (or source code/classes for 
another object-orientated programming language could 
alternatively be created) that correspond to the objects 
represented in the XML Schema (block 2.3). Another tool 
uses the classes or source code generated in the previous tool 
to create database tables corresponding to the objects (block 
2.4). Alternatively, the original XML Schema could be used 
to generate the database tables. 

[0042] Generation Process 

[0043] An example of a process for generating data mod 
els/components in one embodiment of the present invention 
is shoWn as Listings 1-3 and described in FIG. 3. Initially, 
the models to be used in the generation process are loaded 
and parsed by the generation tool (block 3.1) and then used 
by the Selector generation tool to generate Selector Schema 
corresponding to the original Schema (block 3.2). The 
original Schemas in this example are listed in Listing la-a'. 
The generated Selector Schemas are shoWn as Listing 2a-2c. 
FolloWing the generation of the selection Schemas, all 
Schemas are used by the code generation tool to create Java 
source code (block 3.3) that can then be compiled into Java 
class ?les. Selections of Java source code created by the 
code generation tool are shoWn as Listing 3a-3a'. 

[0044] The table generation tool then generates database 
tables for the types created (block 3.4). In one embodiment, 
this can be done by generating table creation SQL com 
mands and executing them on an RDBMS such as Oracle. 
An example of a class that does this is shoWn as Listing 4. 

[0045] Selector Generator 

[0046] FIG. 4 shoWs a How diagram of one embodiment 
of a process for generating selector schemas. Initially the 
generator tool loads and parses the original XML Schema 
into a document object model (DOM) object or another 
structure (block 4.1). In this example, it is assumed that there 
is one complex type (model) de?ned in the Schema. In 
alternative representations, there can be several complex 
types de?ned in the Schema, in Which case the generator tool 
Would iterate over each complex type de?ned in the Schema. 

[0047] For the complex type de?ned in the Schema, a neW 
DOM tree is created for the selection Schema that Will 
correspond to the complex type (block 4.2). The generator 
then iterates through the properties of the complex type 
(block 4.3). If the next property is a simple type (block 4.4), 
then a Criterion object is added to the Selector object being 
created, With a name corresponding to the property name. 
The Criterion type is also added With the same upper bounds 
as the simple type, for example, if the property can occur 
once and only once, then the Criterion type for that property 
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is alloWed to be de?ned at most once. Note hoWever, that all 
Criterion property types are optional, alloWing for the sys 
tem to use instances that do not necessarily de?ne criteria for 
each property. Thus, the loWer bound for all Criterion 
objects is Zero. 

[0048] If the next property type is complex (block 4.5), 
then a neW element of the type corresponding to the Selector 
type for that complex type is added to the Selector DOM 
tree. For example, if a complex type “Basketball” is 
included as a property in the parent object, then a Basket 
ballSelector” is included in the parent Selector type. As With 
simple types, the same upper bound is used for the property 
but a loWer bound of Zero is used. 

[0049] If there are one or more other properties de?ned in 
the original complex type (block 4.6), then the same process 
is repeated With the next property. If not, then the assembled 
neW type is printed out as a neW Selector schema (block 4.7). 
The use of these Selector Schemas is discussed further 
beloW. 

[0050] Class Generator 

[0051] After loading an XML Schema, the code generator 
parses the elements in the complex type it is analyZing and 
creates properties in the Java code it is assembling that 
correspond to each child element in the complex type. For 
every property that is created, the code that is inserted for 
each property includes the property declaration (as a global 
property), and get/set methods for setting and getting the 
property. 

[0052] FIG. 5 illustrates a How diagram of one embodi 
ment of a process for generating classes from schemas. 
Initially the generator tool loads and parses the original 
XML Schema into a DOM object or another structure (block 
5.1). In this example, it is assumed that there is one complex 
type (model) de?ned in the Schema that Will correspond to 
one Java class being created. In alternative representations, 
there could be several complex types de?ned in the Schema, 
in Which case the generator tool Would iterate over each 
complex type de?ned in the Schema generating several 
classes. 

[0053] The generator may create one or more string buff 
ers and load these buffers With skeleton code for the objects 
to be created (block 5.2). The generator then parses through 
each element in the complex type (block 5.3). If the type is 
a simple type, it determines Whether the element can occur 
once or more than once (block 5.4). If the element can only 
occur once, the simple type is converted into a Java type and 
a property corresponding to the name of the element is added 
to the code buffer for the class (block 5.5). Alternatively, if 
the element can occur more than once, code for a container 

object (such as an Array or a List) is created (block 5.6) to 
hold all occurrences of the property in the Java class. In this 
example, List objects are used as the container objects. 

[0054] If the next type is a complex type rather than a 
simple type, it is determined Whether the element is alloWed 
to occur once or more than once (block 5.7). If the element 
can occur only once, then a property of the Java type 
corresponding to the complex type of the element is added 
to the Java code (block 5.8). For example, under one naming 
convention, if the child element is called ‘basketball’ and is 
of type ‘Basketball’, then a property called ‘basketball’ of 
type ‘Basketball’ is added to the Java code, and it is assumed 
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that the code for that object Will exist on the system. In other 
implementations, mapping could exist to create alternative 
objects. Also in other implementations, the existence of 
object types could be veri?ed or otherWise guaranteed. 
HoWever, in this example, the class corresponding to that 
object Would exist (perhaps created using the class generator 
With another XML Schema). 

[0055] Alternatively, if it is a complex type that could 
occur more than once, a List type is added to the Java code 
under the property name corresponding to the name of the 
element (block 5.9), similar to the case of a simple property 
that is alloWed to occur more than once. For example, if the 
child element is called ‘basketballs’ of type ‘Basketball’ and 
could contain Zero to many ‘Basketball’ objects, then a List 
type is created called ‘basketballs’ to hold Zero to many 
‘Basketball’ objects. 

[0056] The process is repeated for all child elements in the 
complex type (block 5.10), and then the code that has been 
created is printed out (block 5.11) and optionally is com 
piled. This process can also be done dynamically, that is, 
given a neW XML object type With a neW schema, the Java 
class for that type could be automatically generated and 
compiled for immediate use by the system. 

[0057] The class generator is also capable of handling 
inheritance, such that an XML complex type that extends 
another complex type in an XML Schema Will dictate to the 
generation tool that the neW Java class is to be created as an 
extension of the parent class corresponding to the parent 
type in the XML Schema. 

[0058] Table Generator 

[0059] In one embodiment, objects are persisted or stored 
using an RDBMS. Alternatively, objects could be persisted 
or stored in an XML database, in an object database, or in 
a ?le system. 

[0060] FIG. 6 illustrates a ?oW diagram of one embodi 
ment of a process for generating data base tables. Initially 
the generator tool loads a Java class (block 6.1). In one 
embodiment of the present invention, the table generator 
inspects the properties of class ?les and uses those properties 
to create tables. Java classes can perform this inspection on 
other Java classes (or even themselves) using ‘re?ection’. 
Alternatively, the table generator could utiliZe XML Sche 
mas instead of Java class ?les. The generator also obtains a 
connection the database and begins creating an SQL table 
creation statement (block 6.2) for the main table. The 
generator then steps through each property using re?ection 
and determines Whether the property is primitive or complex 
(block 6.3). If the type is primitive, a neW column is added 
to the table creation statement (block 6.4). If the type is 
complex, the generation tool checks to determine (using 
re?ection) Whether the property is of type List (block 6.5). 
If it is of type “List”, a sub-table is created for the property 
(block 6.6). If it is not of type “List”, a neW table for the 
contained class is created if it isn’t already present in the 
database (block 6.7), using the same method for the neW 
class (starting from block 6.1), or it is assumed that the 
generation tool Will be run With that class at a later time. 

[0061] After all properties have been cycled through 
(block 6.8), the ?nished table creation statement for the 
original class is executed (block 6.9). 
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[0062] Table Mapping 

[0063] In some cases it may be desirable to use an existing 
database With the system instead of generating neW tables 
for the objects that Will be used by the system. In such a case, 
it is unlikely that the existing tables Will correspond to the 
tables that Would be generated by the table generation tool 
discussed above. HoWever, using a table mapping tool and 
an adapter for query translation it is possible to use pre 
existing database tables With the system. Using a table 
mapping tool, it is possible to map ?elds of the database to 
the Java representation of the objects. HoWever, these tools 
may not alloW for searching using Selector objects as Will be 
described beloW. Instead of reinventing a similar frameWork 
With similar mapping tools, one embodiment of the present 
invention may utiliZe a 3”’ party mapping application With a 
special adapter class that transforms a Selector-based query 
into a query in the query language of the 3”’ party tool. This 
query is then executed and the results are translated by the 
3”’ party tool into the Java representation of the objects and 
returned for use by the system. Retrieval and storage of any 
objects may also be performed utiliZing the 3”’ party’s API. 
Support for additional mapping frameWorks may also be 
added, or a customiZed platform that does not require a 3“’ 
parties mapping tools may also be developed for the system. 

[0064] Data Transmission 

[0065] The folloWing description describe hoW tWo sys 
tems (referred to as Node 1 and Node 2 in this example) 
could interoperate by using common schema and also hav 
ing access to similar generation tools as previously 
described. FIG. 7 is a ?oW diagram of an exemplary process 
for data transmission according to one embodiment of the 
present invention. Initially, Node 1 may retrieve one or more 
models from its database (block 7.1). Node 1 then uses the 
data retrieved to populate a Java object representing the 
model (block 7.2). Node 1 then translates the Java object to 
XML (block 7.3) and transmits the XML document to Node 
2 using SOAP (“Simple Object Access Protocol”)) or some 
other transmission protocol (block 7.4). The receiver of the 
XML document (Node 2, block 7.5) then translates the XML 
document to a Java object (block 7.6). The Java object could 
then be used by Node 2 to ful?ll some request, or do 
something else such as store the Java object in its oWn 
database (block 7.7). 

[0066] The various operations or functions described 
above require a variety of system functionality, including 
processes for turning an XML document into a Java object 
(“unmarshalling”) With sample code shoWn as Listing 5, 
transforming a Java object into an XML document (“mar 
shalling”) With sample code for this process shoWn as 
Listing 6, retrieving information from the database and 
populating a Java object (sample code shoWn as Listing 7), 
and storing a Java object in the database (also shoWn in 
Listing 7). 

[0067] Data Search 

[0068] In general, since the tables and persistence mecha 
nisms are de?ned by the system, it also alloWs for the 
de?nition of a general searching method in the tables. FIG. 
8 shoWs a ?oW diagram of one embodiment of a searching 
process. A request may be generated internally or may be 
issued externally. The process shoWn in FIG. 8 can originate 
from an external request for a search, submitted using an 
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XML document that contains one or more Selector elements. 
Initially, the system translates the XML document into Java 
objects (block 8.1). The system iterates through each of the 
top-level Selector objects (block 8.2) and uses the Selector 
object to query the database and retrieving the matching 
objects from the database (block 8.3). After iterating through 
each of the Selector objects (block 8.4), the retrieved objects 
are marshaled into XML and returned to the requester (block 
8.5). The actual process the system goes through may 
involve other steps, such as a security check to determine 
Whether the requesting node has access to the data. 

[0069] In one embodiment of the present invention, Which 
utiliZes an RDBMS database, the system utiliZes the Selec 
tor objects to create SQL statements that search the database. 
Example code used for creating search SQL statements in 
this implementation is shoWn as Listing 8. If a database Was 
used that does not correspond to the standard implementa 
tion, custom code Would need to be used to create the query 
and retrieval for that database. 

[0070] In complex query systems a search method may 
alloW for a set of criteria to be de?ned, either in an AND or 
OR type query. In one embodiment of the present invention 
a single Selector object can be used (perhaps With several 
imbedded Selector and/or Criterion objects) to de?ne a set of 
criteria that are met for a successful match. Thus, a Selector 
object may only alloW for multi-criteria matching of the 
AND-type. To accomplish OR-type matching, more than 
one Selector object can be used. For example, if the query 
in a human readable for is “return all basketballs that have 
color=red or siZe=small”, then tWo BasketballSelector 
objects, one With a ‘color=red’ Criterion object is de?ned 
and a second BasketBallSelector object can be used to 
obtain the basketballs With a Criterion object With ‘siZe= 
small’ de?ned. The union of the queries then represents all 
matches that ?t either criterion. If the query “return all 
basketballs that have color=red and siZe=small” is desired, 
then one BasketBallSelector object is used With tWo Crite 
rion objects, one of ‘color=red’ and one of ‘siZe=small’. 

[0071] When pre-existing tables are utiliZed instead of 
tables generated by the table generation tool a different 
approach to searching is required. That approach is dis 
cussed further in an above section. It should be noted here 
that the method of utiliZing Selector objects for querying 
databases is superior in many respects to the standard object 
query systems developed for querying databases. A Selector 
object query can be transmitted betWeen systems (since it 
can be represented as an XML document according to its 
XML Schema) and Selector objects can be reused across 
many situations required for a robust netWork of systems 
such as event subscription and service selection, Which are 
both discussed further beloW. 

[0072] Event Subscription 

[0073] Events in the context discussed here may include 
an object being received by a system for processing, or an 
object being sent out to another system, or an object being 
created by the system, or an object being deleted or modi?ed 
by the system. There are other possible events that could be 
de?ned. 

[0074] Selector objects can be used not only as a method 
of describing a search, but they can also be used to describe 
What events a system or user Wishes to subscribe to. For 
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instance, a system may Wish to be noti?ed every time a 
certain object is added to another system, or every time a 
particular object that ?ts certain constraints is added to or 
reaches another system. As an example, a system could 
subscribe to be noti?ed When neW objects are inserted into 
another system, and could use a “BasketballSelector” With a 
Criterion object for the “color” property, de?ning the object 
to be “purple”. The system that the subscription is issued to 
Would then notify the subscribing system Whenever a “Bas 
ketball” object of “color=purple” Was added to the system. 

[0075] FIG. 9 shoWs a How diagram of an exemplary 
process for event subscription. TWo separate systems (Node 
1 and Node 2) are assumed in this example, although it is 
possible for a system to subscribe to its oWn events. Node 1 
sends a subscription document (in XML) to Node 2 (block 
9.1). This document contains details about What events are 
to be subscribed to, including one or more Selector elements 
in the document that de?nes selection criteria. The receiving 
system then translates the event subscription document into 
objects and stores the objects in its database (block 9.2) 
using the methods/processes that are described herein. 

[0076] FIG. 10 illustrates a How diagram of one embodi 
ment of an event noti?cation process. When an event occurs 

in Node 2 (block 10.1), the object that is being deleted/ 
modi?ed/created is used to determine Which event subscrip 
tions are valid for the event and What systems should be 
noti?ed. This process involves matching the object(s) 
involved in the event against the database of Selector objects 
to determine Which Selector objects match the object(s) in 
question (block 10.2). The subscribers that do have sub 
scription that match the events are then noti?ed of the event 
(block 10.3) using an XML document that under one 
embodiment of the present invention also contains the 
object(s) involved in the event. For example, if a neW object 
is generated, that object is passed as part of the noti?cation 
document. 

[0077] Work?oW 

[0078] Selector objects can also be used to determine 
Work?oW. FIG. 11 shoWs a How diagram of an exemplary 
Work?oW process in accordance With one embodiment of the 
present invention. FIG. 11 depicts hoW a system can use 
Selector objects to determine Work?oW for a document. An 
example Work?oW document is shoWn as Listing 9. The 
Work?oW example shoWn uses several Selector objects to 
describe the steps of the Work?oW depending upon the 
contents of the document. Because previous steps place their 
results in the document (as objects corresponding to schema 
de?nitions de?ned for the ontology), the Work?oW can 
describe conditional Work?oW dependant upon the results of 
prior steps in the Work?oW. 

[0079] First, the system loads the Work?oW section of the 
document (block 11.1) and determines the next operation in 
the Work?oW, sending service requests to the appropriate 
services (local and/or remote) if necessary (block 11.2). The 
system then receives the results from the services and 
determines the next operation in the Work?oW (block 11.3). 
If there is no next operation according to the Work?oW 
(block 11.4) then the processing of the document ends. 
OtherWise, the next operation in processing is initiated 
(block 11.5). 
[0080] In one embodiment of the invention, the system 
utiliZes a Work?oW document as shoWn as Listing 9, that 








