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(57) ABSTRACT 

A system and method for transforming XML items is 
provided. The System includes a transformer that can Selec 
tively input XML items in a first format and selectively 
transform the input XML items to one or more transformed 
XML items in one or more second formats. The system also 
include an output manager that can be employed to facilitate 
Selectively pulling and/or pushing a Subset of the trans 
formed XML items from the transformer to a variety of 
output destinations. The System provides an input abstractor 
that exposes data Stored in data Stores that implement the 
input abstractor as a data model and infoSet, which facilitates 
navigating Such exposed data. 
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XSLTRANSFORM 

CROSS REFERENCE 

0001. This application is a divisional of co-pending U.S. 
application Ser. No. 09/901,368, filed Jul. 9, 2001, entitled 
XSLTRANSFORM, the entirety of which is hereby incor 
porated by reference. 

TECHNICAL FIELD 

0002 The present invention relates generally to trans 
forming XML data and more particularly to a Streaming 
model Xslt (XSL Transformations) processor. 

BACKGROUND OF THE INVENTION 

0003) As XML (extensible Markup Language) has 
become more widely accepted, increasing amounts of XML 
data have been generated and employed to Store an ever 
increasing variety of data. With Such a variety of data being 
generated, a correspondingly wide variety of presentation 
formats have been employed to view the XML data and a 
correspondingly wide variety of uses have been found for 
such XML data. XML is a W3C (World Wide Web Consor 
tium) endorsed Standard for document marking that provides 
a generic Syntax to mark up data with human-readable tags. 
Since XML does not have a fixed set of tags and elements, 
but rather allows users to define Such tags, (So long as they 
conform to XML syntax), XML can be considered a meta 
markup language for text documents. 
0004 Data is stored in XML documents as strings of text 
that are Surrounded by text markup. A particular unit of data 
and markup is conventionally referred to as an element. 
XML defines the syntax for the markup. A simple XML 
document appears below: 

&xml version="1.O's 
<programmer grade="G7'> 
<firstname> ashton </firstname> 
<lastname> annie </lastname> 
<languages C </languages 
<languages C# </languages 
</programmers 

0005. In this document, the name “ashton” is data (a.k.a. 
content), and the tags <firstname> and </firstname> are 
markup associated with that content. The example document 
is text and can be edited by conventional text editors and 
Stored in locations including, but not limited to, a text file, 
a collection of text files, a database record and in memory. 
0006 XML documents can be treated as trees comprising 
a root node and one or more leaf nodes. In the example 
document, the root element is the programmer element. 
Furthermore, elements can contain parent elements and 
child elements. In the example document, the programmer 
element is a parent element that has four child elements: a 
firstname element, a lastname element, and two language 
elements. In the example document, the programmer ele 
ment also has an attribute "grade'. An attribute is a name/ 
value pair that is associated with the Start tag of an element. 
XML documents can contain XML entities including ele 
ments, tags, character data, attributes, entity references, 
CDATA Sections, comments, processing instructions, and So 
O. 
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0007. The W3C has codified XML’s abstract data model 
in a specification called the XML Information Set (Infoset). 
The Infoset describes the logical structure of an XML 
document in terms of nodes (a.k.a. “information items”) that 
have properties. Nodes in an XML tree have well-defined 
Sets of properties that can be exposed. For example, an 
element node has properties including, but not limited to, a 
namespace name, a local name, a prefix, an unordered Set of 
attributes, and an order list of children. The abstract descrip 
tion of an XML document standardizes information that is 
made available concerning XML documents. Thus, in addi 
tion to data that may be Stored in an XML node, metadata 
concerning the node and the tree in which the node resides 
is available. 

0008 Programs that try to understand the contents of 
document like the sample XML document employ an XML 
parser to Separate the document into individual XML tokens, 
elements, attributes and So on. AS the document is parsed, it 
can be checked to determine whether it is well-formed 
(conforms to the XML specification) and to determine 
whether it is valid (conforms to a desired DTD (Document 
Type Definition) and/or schema). A DTD includes a list of 
elements, attributes and entities that an XML document can 
employ and the contexts in which they may be employed. 
XML schemas are scheduled to replace DTDs as an 
approved W3C standard and thus, in this document, when 
reference is made to a DTD, an XML Schema should also be 
considered. Thus, a DTD (and/or XML schema) facilitates 
limiting the form of an XML document. A DTD (and/or 
XML schema) can be located within an XML document, or 
an external reference to the DTD (and/or XML schema) can 
be employed to locate the DTD (and/or XML schema) with 
which an XML document is related. External references are 
common Since it may be desirable to have more than one 
XML document conform to one DTD (and/or XML 
Schema). 
0009. With XML being employed to store data for such 
a variety of applications, transforming XML from one 
format to another format is common. While the markup in an 
XML document can describe the structure of the document, 
the XML markup typically does not describe how the 
document is to be presented. Thus the Extensible Stylesheet 
Language (XSL) was developed. XSL has Subsequently 
been divided into XSL Transformations (Xslt) and other 
components. 
0010 Xslt is a general-purpose language employed to 
facilitate transforming an XML document from one form to 
another form (e.g., from XML to XHTML, XSL-FO, Post 
Script, RTF, etc.). Xslt employs the XPath syntax to identify 
matching elements. XPath is a query language for XML that 
facilitates selecting XML nodes from an XML tree. Con 
ventionally, data is not Stored in a manner that facilitates 
XPath querying. XPath can be employed to locate nodes by 
identifiers including position, relative position, type, content 
and the like. Thus, XPath can be employed to pick nodes 
and/or sets of nodes out of an XML node tree. There are at 
least seven types of nodes in an XML document that XPath 
addresses. These node types include a root node type, an 
element node type, an attribute node type, a text node type, 
a comment node type, a processing instruction node type and 
a nameSpace node type. 
0011 Conventionally, transformers depended on an XML 
document being fully loaded into memory before transfor 
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mation. Furthermore, conventional transformers typically 
converted then wrote the entire transformed output before 
returning control to the requesting user. For example, trans 
forming XML data from one format to another format has 
conventionally been achieved by copying an XML docu 
ment into a node tree (e.g., DOM (Document Object 
Model)), pushing one hundred percent of the node tree into 
a transformer that transforms one hundred percent of the 
node tree and then pushes the entire transformed node tree 
to the output destination that desired the transformed file. 
Such all or nothing models suffer from several drawbacks, 
including, but not limited to, extra copy Steps, the require 
ment to produce a node tree before transformation can be 
performed, transforming unneeded data, consuming exces 
Sive memory, consuming excessive processor cycles and 
limiting the flexibility with which the output destination can 
request transformations. 
0012 Xslt is an XML application that determines, via a 
set of rules, how one XML document should be transformed 
into another XML document. An Xslt document (e.g., an 
Xslt style-sheet) contains a list of templates that are 
employed in node matching. An Xslt processor can be 
employed to read the Xslt document and the XML docu 
ment, and when a pattern match occurs between the input 
data and the Stored template the output associated with the 
template is pushed out of the Xslt processor. The output can 
be, for example, written into an output tree (e.g., DOM). 
Thus, conventional Xslt processors typically interact with 
event driven user programs that receive event notifications 
from the Xslt processor along with a set of data concerning 
the event. One drawback with Such conventional Systems is 
that Such event notifications may require unnecessary pro 
cessing by a user program that may only be interested in a 
Subset of events. Furthermore, user programs that interact 
with Such event producing Xslt processors may be required 
to maintain complicated State machines in order to interact 
with the conventional Xslt processor. 

SUMMARY OF THE INVENTION 

0013 The following presents a simplified summary of the 
invention in order to provide a basic understanding of Some 
aspects of the invention. This Summary is not an extensive 
overview of the invention. It is not intended to identify 
key/critical elements of the invention or to delineate the 
Scope of the invention. Its Sole purpose is to present Some 
concepts of the invention in a simplified form as a prelude 
to the more detailed description that is presented later. 
0.014. The present invention provides a system and 
method for providing a streaming input and Streaming 
output, incremental XML transformer. Such a Streaming 
XML transformer can be employed in push and/or pull 
model processing. The transformer facilitates a user incre 
mentally building the output from XML data so that only a 
Subset of an XML document needs to be loaded into memory 
to perform a Selective transformation. Furthermore, the 
transformer facilitates interacting with a user program that 
can selectively pull a subset of the transformed XML rather 
than being pushed Substantially all the data associated with 
events. Thus, a user program employing the pull model can 
receive leSS data than if interacting with a conventional 
System. 

0.015 The transformer can load XML items stored in a 
variety of representations from a variety of data Stores and 
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transform a Subset of Such XML items from a first format to 
one or more Second formats. Furthermore, the transformer 
can Send its output to a variety of output destinations via a 
variety of output models including, but not limited to, 
writing objects (e.g., XmlWriter, TextWriter) and reading 
objects (e.g., XmlFeader) for pull and/or push based output. 
The System also facilitates resolving external references 
(via, for example, the XmlFesolver class) in the style sheets 
that are input to the transformer. 
0016. The transformer can perform its transformation 
functions without requiring that the XML document from 
which the XML items are taken is converted into a node tree 
before the XML items can be transformed. Thus, problems 
asSociated with memory requirements and unnecessary 
copying are mitigated Since leSS copying and conversion is 
required to interact with the transformer on the input and/or 
output Side. 
0017. The transformer associated with the present inven 
tion facilitates moving a virtual node over a stream of XML 
data. Such Streaming provides advantages over conventional 
Systems. By way of illustration and not limitation, if a user 
does not desire to receive certain nodes in an input Stream, 
then the virtual node can pass over Such nodes without 
presenting them for transformation and/or for output. Thus, 
the transformer and/or user program can interact with less 
data. By way of further illustration, if a user does not desire 
the entire results of a transform, but desires to Stop receiving 
transformed data when a certain point in the output is 
reached, the Streaming model facilitates Such early Stopping. 
By way of still further illustration, if a user desires to employ 
a pipeline architecture, where partial results from the trans 
former are fed forward to other components as they are 
received, which facilitates multiprocessing in a transforma 
tion environment, the Streaming model facilitates Such pipe 
lining. To facilitate Such pipelining, a user can employ a pull 
model API (application programming interface) based, for 
example, on a reader object (e.g., XmlFeader). An Xml 
Reader represents a reader that provides fast, non-cached 
forward only access to XML data. To support such pull 
model output, instructions in a style sheet that can generate 
output and which can be employed with the present inven 
tion are split into one or more States that can be employed 
by a State machine and an event processor to Support the pull 
model API. The State information can have data including, 
but not limited to, a position in a transformation, a current 
node being transformed, a style sheet location, and the like. 
0018 To facilitate accepting XML items stored in a 
variety of representations, an input abstracter is provided. 
The input abstractor models the Infoset as a traversable tree 
of nodes. The input abstractor can be implemented by data 
Stores that desire to employ the Stream-oriented transformer. 
Implementing the input abstractor facilitates treating XML 
items Stored in a variety of representations as though they 
were Stored in a Standard representation, which addresses the 
problem in conventional Systems that require data Store 
contents to first be converted to a node tree (e.g., DOM) 
before being transformed. Furthermore, implementing the 
input abstractor facilitates pulling data incrementally from a 
data Store, mitigating memory and load time problems 
asSociated with all or nothing push model Systems that load 
an entire node tree. The input abstractor provides an inter 
face that can be employed to navigate data and thus abstracts 
a reference to a node within an XPath document. 
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0019. One example input abstractor can also provide an 
API that exposes a data model and Infoset as defined in the 
W3C (World Wide Web Consortium) for the XPath 1.0 
Specification. Advantages gained by employing Such an API 
can be increased when the API is employed in conjunction 
with an optimized data Store (e.g., XPathDocument) that can 
be employed to store XML in a manner that facilitates 
minimizing query (e.g., XPath) processing time. One 
example of the optimized data Store represents data in a 
manner consistent with the XPath data model as defined in 
the W3C XPath specification. Traditionally XPath and Xslt 
are applied over a DOM. However, when a user wants to 
query over non-XML data (e.g., a file System), the user is 
still constrained to writing functions to load such non-XML 
data into a DOM, then performing XPath and Xslt on the 
entire document. The input abstractor provides an API that 
a user can implement over a variety of data Stores (e.g., 
documents, file System, registry), where the API provides a 
cursor Style model that removes the requirement that the 
entire file be loaded into memory before transformation. 

0020. The present invention also includes a node selec 
tion abstractor that can be employed to dynamically con 
struct a Subset of input XML items from a set of input XML 
items. The subset of input XML items are related items that 
are responsive to a query (e.g., XPath). Being able to 
dynamically construct a subset of input XML items that are 
responsive to a query facilitates mitigating problems asso 
ciated with pre-computing node tree requirements for con 
ventional queries. The node Selection abstractor further 
facilitates loading relevant data into memory as the trans 
former needs Such relevant data, which results in Saving 
memory and loading time. Furthermore, the node Selection 
abstractor abstracts patterns of traversal over a document, a 
document Subset or a Selection, which facilitates navigating 
in a document. 

0021 Conventionally, Xslt processors (transformers) and 
XPath engines (query engines) are implemented in one 
integrated System. But the present invention facilitates Sepa 
rating the Xslt processor from the XPath engine, providing 
flexibility advantages over conventional Systems. For 
example, if a user determines that optimizations (e.g., hard 
ware, Software) are available for a generic transformer, then 
having a separate Xslt processor component Simplifies 
implementing Such optimizations. 

0022. To the accomplishment of the foregoing and related 
ends, certain illustrative aspects of the invention are 
described herein in connection with the following descrip 
tion and the annexed drawings. These aspects are indicative, 
however, of but a few of the various ways in which the 
principles of the invention may be employed and the present 
invention is intended to include all Such aspects and their 
equivalents. Other advantages and novel features of the 
invention may become apparent from the following detailed 
description of the invention when considered in conjunction 
with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a schematic block diagram illustrating a 
System for transforming XML items from one representation 
to another, in accordance with an aspect of the present 
invention. 
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0024 FIG. 2 is a schematic block diagram of an exem 
plary transformer and its component parts, in accordance 
with an aspect of the present invention. 
0025 FIG. 3 is a schematic block diagram of a trans 
former receiving input from a variety of Sources and pro 
Viding output to a variety of Sources, in accordance with an 
aspect of the present invention. 
0026 FIG. 4 is a schematic block diagram of a trans 
former interacting with a data Source via an input abstractor, 
in accordance with an aspect of the present invention. 
0027 FIG. 5 is a schematic block diagram of a data 
Source that has been optimized to interact with an XML 
query language, in accordance with an aspect of the present 
invention. 

0028 Prior Art FIG. 6 is a schematic block diagram of a 
conventional transformation System that involves additional 
copying StepS. 

0029 FIG. 7 is a schematic block diagram illustrating a 
System that Supports querying a data Store, where Some 
queries are optimized for performance within the data Store, 
in accordance with an aspect of the present invention. 
0030 FIG. 8 is a schematic block diagram illustrating an 
incremental read, in accordance with an aspect of the present 
invention. 

0031 FIG. 9 is a schematic block diagram of an Xslt 
processor, in accordance with an aspect of the present 
invention. 

0032 FIG. 10 illustrates processing associated with Xslt 
input navigation, in accordance with an aspect of the present 
invention. 

0033 FIG. 11 illustrates processing associated with com 
piling a style sheet, in accordance with an aspect of the 
present invention. 
0034 FIG. 12 illustrates an example action class hierar 
chy, in accordance with an aspect of the present invention. 
0035 FIG. 13 illustrates Xslt source being compiled into 
actions, in accordance with an aspect of the present inven 
tion. 

0036 FIG. 14 illustrates event flow processing associ 
ated with building an output record, in accordance with an 
aspect of the present invention. 
0037 FIG. 15 is a flow chart illustrating a method for 
transforming XML data from one form to another, in accor 
dance with an aspect of the present invention. 
0038 FIG. 16 is a flow chart illustrating a compilation 
method associated with the method for transforming XML 
data from one form to another, in accordance with an aspect 
of the present invention. 
0039 FIG. 17 is a flow chart illustrating Xslt processing 
and execution associated with the method for transforming 
XML data from one form to another, in accordance with an 
aspect of the present invention. 
0040 FIG. 18 is a flow chart illustrating event flow 
processing associated with the method for transforming 
XML data from one form to another, in accordance with an 
aspect of the present invention. 
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0041 FIG. 19 is a schematic block diagram of an exem 
plary operating environment for a System configured in 
accordance with the present invention. 
0.042 FIG. 20 is a schematic block diagram of an exem 
plary communication environment for a method performing 
in accordance with the present invention. 
0043) 
0044 FIG.22 is sample code illustrating the correspond 
ing XML format exposed by a Sample input abstractor 
associated with FIG. 21. 

FIG. 21 is a sample screenshot of a Zip file listing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

004.5 The present invention is now described with ref 
erence to the drawings, wherein like reference numerals are 
used to refer to like elements throughout. In the following 
description, for purposes of explanation, numerous specific 
details are set forth in order to provide a thorough under 
Standing of the present invention. It may be evident, how 
ever, that the present invention may be practiced without 
these Specific details. In other instances, well-known Struc 
tures and devices are shown in block diagram form in order 
to facilitate describing the present invention. 
0046. As used in this application, the term “component” 
is intended to refer to a computer-related entity, either 
hardware, a combination of hardware and Software, Soft 
ware, or Software in execution. For example, a component 
can be, but is not limited to being, a proceSS running on a 
processor, a processor, an object, an executable, a thread of 
execution, a program, and a computer. By way of illustra 
tion, both an application running on a Server and the Server 
can be a component. 
0047 Concerning interfaces, classes not related by inher 
itance can, nevertheless, share common functionality. For 
example, many classes can contain methods for Saving their 
State to and from permanent Storage. For this purpose, 
classes not related by inheritance can Support interfaces 
allowing programmers to code for the classes shared behav 
ior based on their shared interface type and not their exact 
types. Thus, as used in this application, the term “interface” 
refers to a partial Specification of a type. It is a contract that 
binds implementers to provide implementations of the meth 
ods contained in the interface. Object types can Support 
many interface types, and many different object types would 
normally Support an interface type. By definition, an inter 
face type can never be an object type or an event type. 
Interfaces can extend other interface types. Thus, an inter 
face can contain methods (both class and instance), static 
fields, properties and events. However, unlike an object, an 
interface cannot obtain instance fields. 

0.048. It is to be appreciated that various aspects of the 
present invention can employ technologies associated with 
facilitating unconstrained optimization and/or minimization 
of error costs. Thus, non-linear training Systems/methodolo 
gies (e.g., back propagation, Bayesian, fuzzy Sets, non-linear 
regression, or other neural networking paradigms including 
mixture of experts, cerebella model arithmetic computer 
(CMACS), radial basis functions, directed search networks 
and function link networks can be employed. 
0049 Referring initially to FIG. 1, a system 100 for 
transforming XML items from one representation to another 
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is illustrated. The system 100 includes a transformer 120 that 
is adapted to accept XML items from a data source 110 and 
to apply one or more transformation instructions from a style 
sheet 130 to the XML items and produce transformed XML 
items that can be output to a destination data store 140. 
0050 Conventionally, XML transformation systems are 
pushed one hundred percent of the XML items in the source 
data store 110, transform one hundred percent of the XML 
items and then push one hundred percent of the transformed 
XML items to the destination data store 140. The present 
invention facilitates the transformer 120 receiving a subset 
of the XML items from the source data store 110, by, for 
example, Selectively pulling nodes from the Source data 
store 110. The present invention further facilitates the trans 
former 120 transforming a subset of the XML items, which 
can contribute to time and/or memory Savings when com 
pared to conventional Systems. Further Still, the present 
invention facilitates the transformer 120 making a subset of 
the transformed XML items available to be pushed and/or 
pulled to the destination data source 140. Thus, problems 
associated with conventional Systems (e.g., excessive copy 
ing, excessive transformation, excessive output) are miti 
gated. 

0051 FIG. 2 is a schematic block diagram of a trans 
former 205. The transformer 205 includes a compiler 220, a 
processor 240 and an output manager 250. The compiler 220 
accepts data from an XSL style sheet 210 and compiles the 
data into one or more actions. The actions are employed by 
the processor 240 to transform an XML data document 230. 
The processor 240 provides the transformed XML data to 
the output manager 250, which facilitates implementing 
various output models (e.g., stream, push, pull). The output 
manager 250 builds the transformed XML data into an 
output XML data document. 
0052 One example compiler 220 employs an XsltTrans 
form class and a classic recursive descent routine to parse 
and store information from an Xsl style sheet 210. This 
involves Storing templates and their actions in a compiled 
Style sheet, Storing potential queries, and preparing a root 
action for execution. Style sheet compilation will be exam 
ined further in connection with FIGS. 10 through 13. 
0053 Turning now to FIG. 3, a system 300 illustrates a 
transformer 330 receiving XML input items from multiple 
input Sources and making transformed XML items available 
to multiple destination sources. In the system 300, the 
transformer 330 can apply one or more transformation 
instructions from a style sheet 340 to the XML input items. 
0054 The transformer 330 can, for example, receive 
XML input items from a first data Store 310A (e.g., a 
database) and a second data store 310 (e.g., a file) through 
an Nth data store 310AN (N being an integer) (e.g., a 
registry) (collectively the data sources 310). Furthermore, 
the transformer 330 can selectively receive the XML input 
items from the data sources 310. For example, rather than 
one hundred percent of the XML items in the data sources 
310 being pushed onto the transformer 330, the transformer 
330 can be able to pull selected XML input items from the 
data Sources 310, thus mitigating problems associated with 
copying and transforming more input items than are desired. 

0055. The transformer 330 can, for example, make trans 
formed XML items available to a first destination data store 
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320A (e.g., a database) through a second destination data 
Store 320A (e.g., a process) and an Mth data store 320AM (M 
being an integer) (e.g., a pipe)(collectively the destination 
data stores 320). Furthermore, the transformer 330 can 
selectively make the transformed XML items available to 
the destination data stores 320. For example, rather than one 
hundred percent of the transformed XML items being 
pushed onto the destination date Store 320A, the trans 
former 330 can push a subset of the transformed XML items 
to the destination data Store 320A. Similarly, the trans 
former 330 can make a Subset of the transformed XML items 
available to be pulled into the destination data Store 320, 
thus mitigating problems associated with excessive copying. 
The ability to provide a subset of transformed XML items 
facilitates implementing, for example, a pipelined architec 
ture where transformed XML items are presented to desti 
nation data Stores as they are transformed, rather than 
waiting for one hundred percent of the transformation to 
complete as is typical in conventional Systems. Further, the 
ability to provide a subset of transformed XML items 
facilitates terminating transformation when a desired point 
has been reached. For example, a destination data Source 
may only desire the first ten percent of the transformed XML 
items. Thus, the transformer 330 can be employed to trans 
form Such ten percent and then Stop transformation, miti 
gating problems associated with conventional Systems 
where even if ten percent were desired, one hundred percent 
would be provided. 
0056 FIG. 4 illustrates a transformer 420 that is inter 
acting with a Source data Store 400 via an input abstractor 
410. The input abstractor 410 can be employed to make data 
from multiple data Sources appear to have a common format. 
In one example of the present invention, the input abstractor 
exposes data from a Source data Store 400 according to the 
W3C data model and Infoset. While the exposes the data as 
the W3C data model and Infoset, it is to be appreciated that 
an input abstractor can expose the data according to other 
data models and/or metadata models. The input abstractor 
410 thus facilitates the transformer 420 being employed with 
a variety of data Stores including, but not limited to, files, file 
Systems, registries, databases, and the like. 
0057 The input abstractor 410 can be employed to make 
data Stored in the Source data Store 400 appear as a stream 
of nodes to the transformer 420. Thus, a virtual node can be 
walked over the Stream, which facilitates navigating the 
input Stream of nodes. For example, input abstractor 410 
cursor properties can facilitate locating a node in a stream of 
input nodes, moving to the next node in a stream of input 
nodes and moving to the previous node in a Stream of input 
nodes. While three navigation methods are described in 
asSociation with the input abstractor 410, it is to be appre 
ciated that a greater and/or lesser number of navigation 
methods can be provided by an input abstractor 410. Pro 
Viding the cursor model that facilitates navigating the Stream 
of nodes facilitates Selectively presenting nodes to the 
transformer 420 for transformation. By way of illustration 
and not limitation, in an environment where there are ten 
possible types of nodes in an inputStream, the input abstrac 
tor 410 can be programmed in a first case to present a Subset 
of three types of nodes from the input Stream to the trans 
former 420. For example, if the source data store 400 held 
car sales information, the input abstractor 410 can be 
employed to walk a virtual node over a stream of input nodes 
and present to the transformer 420 only those nodes asso 
ciated with the color of cars Sold. Thus, precision advantages 
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over conventional Systems can be achieved which can in 
turn reduce processing and/or memory requirements for the 
transformer 420. 

0058 Sample code illustrates the definition of one sample 
input abstractor 410 and a program written to interact with 
Such an input abstractor 410. One example input abstractor, 
an XPathNavigator, may be defined by the following code: 

abstract class XPathNavigator: ICloneable 

l 

If 
l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

b ic abstract XPathNavigator Clone(); 
ode Properties 
ic abstract XPathNodeType NodeType { get; } 
ic abstract String LocalName get; } 
ic abstract String Name get; } 
ic abstract String NamespaceURI get; } 
ic abstract String Prefix get; } 
ic abstract String Value get; } 
ic abstract String BaselJRI get; } 
ic abstract bool IsEmptyElement get; } 
ic abstract string XmlLang get; } 
ic abstract XmlNameTable NameTable { get; } 

fif Attribute Accessors 
public abstract bool HasAttributes { get; } 
public abstract string GetAttribute(string localName, 
string namespaceURI); 
public abstract bool MoveTo Attribute(string localname, 
string namespaceURI); 
public abstract bool MoveTo First Attribute() 
public abstract bool MoveToNextAttribute() 
If Namespace Accessors 
public abstract string GetNamespace(string localname); 
public abstract bool MoveToNamespace(string localname); 
public abstract bool MoveTo FirstNamespace() 
public abstract bool MoveToNextNamespace() 
// Tree Navigation 
public abstract bool MoveToNext(); 
public abstract bool MoveToPrevious(); 
public abstract bool MoveTo First(); 
public abstract bool MoveTo FirstChild(); 
public abstract bool MoveToParent(); 
public abstract void MoveToRoot(); 

b 

b 

b 

b 

public abstract bool MoveTo(XPathNavigator other); 
public abstract bool MoveToId(String id); 
public abstract bool IssamePosition(XPathNavigator other); 
public abstract bool HasChildren get; } 
f/XPath Selections 
public abstract XPath Expression Compile(string xpathexpr); 
public virtual XPathNodeIterator Select(string xpathexpr); 
public virtual XPathNodeIterator Select(XPath Expression 
xpathexpr); 
public virtual object Evaluate(string xpathexpr); 
public virtual object Evaluate(XPath Expression xpathexpr); 
public virtual object Evaluate(XPath Expression xpathexpr, 

XPath Iterator nodeset); 
public virtual bool Matches(string xpath); 
public virtual bool Matches(XPath Expression xpath); 
public virtual XmlNodeOrder ComparePosition(XPathNavigator 
nav ); 
//XPath Optimized Selections 
public virtual XPathNodeIterator SelectChildren(string 
ocalname, 

string namespaceuri); 
public virtual XPathNodeIterator SelectChildren(XPathNodeType 
ype); 
public virtual XPathNodeIterator Select Ancestors(string localname, 

string namespaceuri, bool includeSelf); 
public virtual XPathNodeIterator SelectDescendants(string localname, 

string namespaceuri, bool includeSelf); 
public virtual XPathNodeIterator SelectDescendants(XpathNodeType 
ype 

bool includeSelf); 
public virtual bool IsDescendant(XPathNavigator nav); 
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0059. The sample input abstractor 410 Supports the 
notion of a cursor that is positioned on a current node. When 
the sample input abstractor 410 properties are accessed, they 
return information corresponding to the current node. For 
example, the LocalName, NamespaceURI, Name, Prefix, 
and Value properties return the appropriate information for 
the current node. 

0060. The HasAttributes and HasChildren properties 
identify whether the current node has attributes or child 
nodes respectively. If there are attributes, they can be 
accessed by name through the GetAttribute method. The 
MoveTo Attribute method facilitates moving the cursor to a 
specific attribute node identified by name while MoveTo 
First Attribute/MoveToNextAttribute make it possible to 
iterate through a collection of attributes. Once positioned on 
an attribute node, the Set of properties can then be used to 
access the current attributes information. Once positioned 
on an attribute, returning to the element is achieved through 
a call to MoveToParent. 

0061. If an element node has namespace nodes, they can 
be accessed like attributes through the GetNamespace, 
MoveToNamespace, MoveTo FirstNamespace, and 
MoveToNextNamespace methods. According to the XPath 
Specification, elements nodes have a set of nameSpace 
nodes, one for each of the in Scope nameSpace declarations. 
For nameSpace nodes, the Prefix property should return 
Xmlins or the empty String if it is a default nameSpace 
declaration while the LocalName property should return the 
namespace prefix or Xmlins if it is a default nameSpace 
declaration. The Value property should return the actual 
namespace name. As with attributes, call MoveToParent to 
move from a nameSpace node back to the owner element. 

0062) The set of MoveTo methods support traversing a 
tree. MoveToFirstChild moves the cursor to the current 
node's first child node. MoveToNext moves the cursor to the 
current node's next sibling node. MoveToPrevious does the 
reverse by moving the cursor to the current node's previous 
sibling node. MoveTo First moves the cursor to the first 
sibling node in document order. MoveToParent moves the 
cursor up to the current node's parent node while MoveToR 
oot moves the cursor back to the topmost node in the tree, 
known as the root or document node. MoveTold moves the 
cursor to the element node that has an attribute of type ID 
with the specified value (which requires a DTD or XML 
Schema). MoveTo moves the cursor to the same position as 
that of the Supplied XPathNavigator. MoveTo can be 
employed in combination with the Clone method, which 
returns a snapshot of the current XPathNavigator. This 
facilitates working on temporary copies of the navigator 
before moving the cursor. The IsSamePosition method deter 
mines whether the current navigator is at the same position 
as the Supplied navigator. 

0.063. The example input abstractor 410 base class pro 
vides an implementation of the Select method, which com 
piles a supplied XPath expression and returns an XPathNo 
deterator reference. When client calls 
XPathNodeIterator: MoveNext(), the implementation calls 
into the most derived class (the class derived from XPath 
Navigator) to move through the tree checking for matches. 
Users can override the Select method and provide their own 
implementation of XPathNodeIterator. Thus, the present 
invention includes a node Selection abstractor that can be 
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employed to dynamically construct a subset of input XML 
items from a set of input XML items. The Subset of input 
XML items are related items that are responsive to a query 
(e.g., Xpath). Being able to dynamically construct a Subset 
of input XML items that are responsive to a query facilitates 
mitigating problems associated with pre-computing node 
tree requirements for conventional queries. 

0064 One example input abstractor 410 is a zip file 
navigator that exposes a Zip file as an XML document. The 
internal Structure of a Zip file is a linear list of compressed 
files, each of which comes with detailed information. This 
structure is modeled as an XML document with a top-level 
contents element. Inside the contents element, there is a 
child element for each compressed item in the Zip file. Each 
of these elements is annotated with Several attributes to 
describe the item in more detail (e.g., path information, 
compressed size, etc.). For example, FIG. 21 shows a Zip 
file opened in WinZip and FIG.22 shows the corresponding 
XML format exposed by ZipNavigator. 
0065. The following code illustrates part of a ZipState 
class, which keeps track of the current item in the actual Zip 
file and how to navigate the parent and children items. 

using System, System.IO, System.Xml, System.Xml.XPath, 
System.Collections; 
internal class ZipState 

public Object currentObject; 
public Zip State parent; 
public int indexOfCurrentIn Parent; 
public int indexOfAttribute; 
public ZipNavigator owner; 
// for other types of nodes: #document, #text 
public string nonEntryName: 
ff attribute names 
public static string atts = 
{ 

“path”, 
“compressedSize', 
“uncompressedSize 

internal Zip State() 
{ 

this.indexOfCurrentIn Parent = -1; 
this.indexOfAttribute = -1; 
this...nonEntryName = “: 

internal Zip State(Object current, Zip State p, int index, 
string neName, 
ZipNavigator nav) 
{ 

this.currentObject = current; 
this.parent = p. 
this...nonEntryName = neName; 
this.indexOfCurrentIn Parent = index; 
this.indexOfAttribute = -1; 
this.owner = nav; 

public Zip State Clone() 
{ 

Zip State astate = new Zip State(); 
astate.currentObject = this.currentObject; 
astate.nonEntryName = this...nonEntryName; 
astate.parent = this parent; 
astate.indexOfCurrentInParent = 
this.indexOfCurrentIn Parent: 
astate.indexOfAttribute = this.indexOfAttribute: 
astate.owner = this.owner; 
return astate; 
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-continued 

public Zip State OpenChild(int child Index) 
{ 

Zip State ast = null; 
if (IsDocument) 
{ 

if (child Index > 0) 
return null; 

ast = new Zip State(owner. Zip, this, 0, 
“contents, owner); 

else if (ISAttribute) 
{ 

if (child Index > 0) 
return null; 

ast = new ZipState(null, this, O, “#text, owner); 

else if (child Index >= 0 && child Index<ChildCount) 
ast = new ZipState(null, this, child Index.",owner); 

else return null; 
return ast; 

public string Name 
{ 

get 
{ 

if (ISAttribute) 
return AttributeNames indexOfAttribute: 

else if (IsZipItem) 
{ 

string name = ((Lib. ZipReader)owner.zip). 
GetFileName(indexOfCurrentIn Parent).ToLower(); 
int index = name. LastIndexOf(“\\); 
if (index >= 0) 
{ 

string encName = 
XmlConvert. EncodeLocalName(name.Substring(index+1)) 
if (encName. Length == 0) 

return XmlConvert. EncodeLocalName(name.Substring(0,index)); 
else 

return encName: 

else 
return XmlConvert. EncodeLocalName(name); 

else 

public int ChildCount 

get 
{ 
if (IsDocument) 

return 1; 
else if (IsDocumentElement) 

return (Lib.ZipReader)owner.zip).GetCount(); 
else if (ISAttribute) 

return 1; 
else if (IsTextNode) 

return 0; 

return nonEntryName; 

else 

public string GetAttribute(string name) 
{ if (IsZipItem) 

{ ZipReader myzip = (Lib.ZipReader)owner.zip: 
switch(name) 
{ 
case “path: 

return myzip..GetFileName(indexOfCurrentIn Parent); 
case “compressedSize: 

return 
myzip..GetCompressedSize(indexOfCurrentIn Parent).ToString(); 

case “uncompressedSize: 
return myzip. 

GetUncompressedSize(indexOfCurrentIn Parent).ToString(); 
default: 

return 0; 
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-continued 

break; 

2.2%. return “”: 

0066. The following code illustrates a portion of the 
ZipNavigator implementation and its interactions with the 
Zip State class. 

using System, System.IO, System.Xml, System.Xml.XPath, 
System.Collections; 
public class ZipNavigator: XPathNavigator 
{ 
private Zip State state; 
private string zipFileName; 
private XmlNameTable nt = new NameTable(); 
public Lib.ZipReader zip: 
public ZipNavigator(string zipFileName) 
{ 

this.zip = new Lib.ZipReader(); 
this.zipFileName = zipFileName; 
this.state = new Zip State(null, null, -1, “#document, this); 
zip.Open(zipFileName); 

private ZipNavigator(Zip States, Lib.ZipReader Zr) 
{ 

this.zip = Zr; 
this.state = s.; 

public override XPathNavigator Clone() 

public override XPathNodeType NodeType 

return new ZipNavigator(this.state. Clone(), this.zip); 

get 
{ 

if (state.IsDocument) 
return XPathNodeType. Root; 

else if (state.ISAttribute) 
return XPathNodeType. Attribute; 

else if (state.IsTextNode) 
return XPathNodeType.Text; 

else 

public override string LocalName 
{ get { return int.Add(state.Name); }} 
public override string NamespaceURI 
{ get { return int.Add(string. Empty); }} 
public override string Name 
{ get { return int.Add(state.Name); }} 
public override string Prefix 
{ get { return int.Add(string. Empty); }} 
public override bool IsEmptyElement 

return XPathNodeType. Element; 

get { if (state.IsAttribute state. IsTextNode) return false; 
return HasChildren: } 

public override bool HasAttributes 
{ get { return Attributecount > 0; }} 
public override bool HasChildren 
{ get { return (state.ChildCount > 0); }} 
public override string GetAttribute(string localName, string 
namespaceURI) 
{ 

if (namespaceURI.Equals()) 
return state.GetAttribute(localName); 

else 
2.2%. 
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-continued 

private bool UpdateState(Zip States) 

if (s == null) 
return false; 

else 

state = s. 
return true; 

public override bool MoveToNext() 
{ 

if (state.IsAttribute) 
return false; 

Zip State p = state.parent; 
if (pl.-null &&. (IndexIn Parent+1 < p.ChildCount)) 
{ 

Zip State newState = p.OpenChild(IndexIn Parent+1); 
return UpdateState(newState); 

return false; 

public override bool MoveToPrevious() 
{ 

if (state.IsAttribute) 
return false; 

Zip State p = state.parent; 
if (pl.-null &&. (IndexIn Parent-1 >= 0)) 
{ 

Zip State newState = p.OpenChild(IndexIn Parent-1); 
return UpdateState(newState); 

return false; 

public override bool MoveTo FirstChild() 
{ 

Zip State newState = state.OpenChild(0); 
return UpdateState(newState); 

public override bool MoveToParent() 

if(state. ISAttribute) 
{ state.indexOfAttribute = -1; 

return true; } 
if (state-parent l= null) 
{ state = state-parent; 

return true; } 
return false; 

public override void MoveToRoot() 
{ 

state = new Zip State(null, null, -1, “#document, this); 

public override bool MoveTo(XPathNavigator other) 
{ 

if (other is ZipNavigator) 

ZipNavigator asn = (ZipNavigator)other; 
state = asn.state. Clone(); 
return true; 

return false; 

0067. It is to be appreciated that the sample code listed 
above is but one example of an input abstractor 410 and code 
to interact with Such an abstractor 410 and that other 
implementations of an input abstractor 410 may be 
employed in accordance with the present invention. 

0068 Turning now to FIG. 5, a transformer 530 is 
illustrated interacting with an optimized data store 510 via 
an input abstractor 520. Conventionally, XML data stores 
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are not optimized for querying. Thus, when a query is made 
against a data Store, unacceptable amounts of processing 
time can be consumed in responding to the query, if Such 
response is even possible. But the present invention provides 
a data store 510 that is optimized to interact with the 
transformer 530 that can include an Xslt processor and/or 
XPath engine. The data store 510 stores information 
employed by XPath and thus performs actions including, but 
not limited to expanding entities, removing XML declara 
tions, converting DOM model entities to XPath model 
entities and adding a nameSpace node that is node in the 
XPath model. Thus, queries can be processed more quickly 
than is possible in conventional Systems. For example, in 
Prior Art FIG. 6, a system 600 employed to query a source 
data store 610 is illustrated. In system 600, the document in 
the source data store 610 can first be copied into a DOM 620 
and then pushed into a transformer 630, where the entire tree 
can be navigated to process the query. Thus, an additional 
copy Step and additional memory are required to process the 
query. Furthermore, the entire results of the query can be 
pushed out of the transformer 630 into a second DOM tree 
640 before the transformed result of the query is pushed into 
a destination data store 650. Such a conventional system 600 
incurs unnecessary overhead and can transform more data 
than is required to Satisfy a query. 

0069 FIG. 7 illustrates a data store 740 that includes a 
Search engine 745, which facilitates optimizing Some que 
ries on a data Store. A user program 710 can desire to query 
a node tree stored in the data store 740 that is exposed via 
an input abstractor 730. An XPath engine 720 can be 
employed to process Such queries, which are facilitated by 
the navigation provided by the input abstractor 730. The 
XPath engine 720 of the present invention can, in some 
cases, recognize when efficient operations can be performed 
in the data store 740 by the search engine 745, rather than 
by the XPath engine 720 via the input abstractor 730. Thus, 
queries including, but not limited to, find descendants, find 
ancestors, find children, find Siblings, and the like, can pass 
from the user program 710 to the search engine 745 where 
they are processed within the data store 740 providing 
efficiency advantages over conventional Systems. 

0070 FIG. 8 illustrates incremental reading that is facili 
tated by the present invention. Conventionally, one hundred 
percent of a transformed XML document was pushed to a 
destination. The present invention facilitates an incremental 
Stream oriented output, via either push and/or pull proceSS 
ing. A user 810 may desire to read one or more transformed 
XML items. Thus, the user 810 can create a transform 
object, pass it a style sheet that governs the transformations 
the user 810 desires and can then invoke a transformer that 
will be associated with a Streaming reader. The user can then 
make one or more read calls 820. Such read calls 820 will 
cause an incremental transform 830 sufficient to satisfy the 
read. The result(s) of the incremental transform 830 can then 
be pushed to the user 810 via a write output 840 and/or 
pulled by the user 810 via the write output 840. 
0071 FIG. 9 illustrates an Xslt processor 940 that can be 
employed to transform XML items. While the example 
transformation is described in connection with certain data 
Structures (e.g., Stacks, lists, linked lists, action frame Stacks, 
query stores etc.), algorithms (e.g., recursive tree walks, 
cursor navigation, pushing data, pulling data) and compu 
tational models (e.g., event processing), it is to be appreci 
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ated that the transformation processes of the present inven 
tion can be practiced employing other data structures, 
algorithms and/or computational models. The Xslt processor 
940 applies actions stored in a compiled style sheet 932, 
query store 934 and root action 936 (that were generated by 
a compiler 930) to XML items stored in a data store 920, 
which can be exposed to the Xslt processor 940 via an input 
abstractor 910. While the Xslt processor 940 does not 
directly output the transformed XML items, the Xslt pro 
ceSSor 940 handles action output events and passes data 
asSociated with Such action output events to a record builder 
948 that constructs a record output 970. Such action output 
events can be the result of an action being executed by the 
action executer 942. The action executer 942 processes one 
or more actions 960 stored in an action frame stack 950, 
which can generate events that are handled by an event 
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) will move the Xsltinput back to the parent node title 1015. 
While seven methods and eight properties are illustrated in 
asSociation with the Sample Xsltinput interface, it is to be 
appreciated that the compiler can interact with other inter 
faces that include a greater and/or lesser number of methods 
and/or properties. 

0075 Thus, turning to FIG. 11, the compilation phase for 
the example compiler begins when a Load() method in an 
XsltTransform class is called. The Load() method accepts 
the Xsl style sheet 210 (FIG. 2) containing Xslt language 
tags as a URL pointer and wraps the input in the Xsltinput 
interface 1150 (FIG. 11) that allows simple navigation 
through the Xsl style sheet 210 (FIG. 2). The Xsltinput 
interface 1150 (FIG. 11) contains methods for: 

Begin Reading() Called once to initialize the XsltInput class 
Advance() Moves to next sibling node 
Recurse() Moves to next child node 
Close() Cleanup for the XsltInput class 
MoveToNode() Moves to the parent node of the current node 
MoveTo First Attribute() 
MoveToNextAttribute() 
Properties 

processor 944 that can pass output data to the record builder 
948. The event processor 944 can query a state machine 946 
to determine whether the event received is valid and whether 
output should be passed to the record builder 948. 
0.072 The Xslt processor 940 can, for example, push the 
root action 936 and one or more other actions onto the action 
frame stack 950. When the Xslt processor 940 receives an 
instruction to execute an action, the action can be executed, 
which can in turn cause other actions to be performed. When 
the action frame stack 950 has no more actions 960, the 
transformation is Substantially complete. 

0073 Turning now to compilation, FIGS. 10 through 13 
describe processing associated with one example compiler. 
While the example compilation is described in connection 
with certain data structures (e.g., Stacks, lists, linked lists, 
action frame Stacks, query Stores etc.), algorithms (e.g., 
recursive tree walks, cursor navigation, pushing data, pull 
ing data) and computational models (e.g., event processing), 
it is to be appreciated that the compilation of the present 
invention can be practiced employing other data Structures, 
algorithms and/or computational models. 

0.074 FIG. 10 illustrates an example of navigation within 
a style sheet. If the current node is the element “title'1015, 
then several movements are facilitated by the Xsltinput 
navigation. The call Advance() 1050 will move the Xslt 
Input to the element “body” 1030. The call Recurse() 1040 
will move the Xsltinput to the element “Xsl:value-of-1045. 
If the current node is the element Xsl:value-of 1045, then the 
call MoveTo First Attribute() 1060 will move the Xsltinput 
to the attribute “select'1065. Once the Xsltinput is posi 
tioned on the attribute select 1065, a call to MoveToNode( 

Moves to the first attribute of an element node 
Moves to the next attribute of an element node 
The Xsltinput class contains several properties to access 
information from the current node. These include, but are not 
limited to: NodeType, Name, LocalName, NamespaceURI, 
Prefix, Hasvalue, 
Value, IsEmptyTag, and BaseURI 

0076) The compiler 1100 compiles the Xsl style sheet 
1140 by breaking the Xsl style sheet 1140 into actions. 
Actions are entities that can be executed (e.g., templates, 
apply-templates, value-of, if, choose, comment). Since the 
Xsl style sheet 1140 is well formed XML, there is a 
hierarchy of element tags, and there are actions for the Xslt 
language tags. One example action hierarchy 1200 is illus 
trated in FIG. 12. While the example hierarchy 1200 
includes twenty-Seven items organized in four layers it is to 
be appreciated that a greater and/or lesser number of items 
and/or layers can be employed in other hierarchies that can 
be employed in accordance with the present invention. 
0077 Actions are compiled. Such compilation can, for 
example, follow the Sequence of compiling attributes (Stor 
ing attribute names and values in memory, adding queries to 
the query store); Verifying attributes (ensuring required 
attributes are present) and recursing (if there is a body to the 
action, recursively compiling that body). Thus, the XSl 
document 1140 can be presented via a load function 1160 to 
an Xsltinput interface 1150 (which facilitates navigation) to 
the compiler 1100. The Xsltinput interface 1150 and the 
compiler 1100 can employ an input stack 1180 to facilitate 
processing XSl:include and XSl:import Source documents. At 
1106, the compiler 1100 can compile the top-level elements 
presented from the Xsl document 1140 via the Xsltinput 
interface 1150. At 1104, if the body of the top level elements 
require compilation, then recursion can be employed to 
effect Such compilation and to produce one or more com 
piled actions 1102. 
0078. The compiler 1100 employs a style sheet stack 
1170 to facilitate maintaining Xsl:import precedence in 
building a compiled style sheet 1110 that will hold the one 
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or more compiled actions 1102. In addition to the compiled 
style sheet 1110, the compiler 1100 produces a query store 
1120 and a root action 1130. The query store 1120 is a key 
valued listing of queries in the compiled style sheet 1110. 
When the compiler 1100 encounters a query, the query is 
Stored in the query Store 1120 and a key to the query is 
returned, which facilitates conserving memory by reducing 
duplicate Storage of duplicate queries. The root action 1130 
is an action that writes an XML declaration in a transformed 
XML document and which initiates transformation execu 
tion by creating a template that matches "/. 

007.9 Turning now to FIG. 12, a hierarchy 1200 of action 
classes is illustrated. By way of illustration and not limita 
tion, a ContainerAction class can Store other actions. By way 
of further illustration, a CopyCode Action class can Store 
literal element text from an Xsl style sheet. 

0080 FIG. 13 illustrates a sample Xslt source 1300 being 
compiled into actions. The action 1310 is a Template Action 
that corresponds to the “f” in the source 1300. The action 
1320 is a CopyCode Action that corresponds to the <stores 
tag and which therefore Stores the literal text element 
associated with the <stored tag. Similarly, the action 1350 is 
a CopyCode Action that stores the literal text “Silver', the 
action 1360 is a CopyCode Action that stores the literal text 
“Audi A4” and the action 1370 is a CopyCode Action that 
stores the literal text “-booke Ctitle> SQL Server </title></ 
books.</stored. While the source 1300 is illustrated being 
compiled into eight Separate actions from the action hierar 
chy 1200 (FIG. 12), it is to be appreciated that other 
compilations can produce a greater and/or lesser number of 
actions from one or more different action hierarchies. 

0081 FIG. 14 illustrates a system 1400 for event han 
dling and record building associated with transforming 
XML items. The system 1400 includes an Xslt processor 
1430 that in turn includes an event processor 1440 and a 
record builder 1450. The event processor 1440 receives an 
event 1420 associated with processing performed in execut 
ing an action Stored in an action frame Stack 1410 and passes 
an event and related content to the record builder 1450. The 
record builder 1450 builds a record 1454 in which to store 
the content associated with the event. When the record 
builder 1450 receives an event it validates the content to 
ensure that well-formed and/or valid XML is placed in the 
record 1454. The record 1454 can be output to a variety of 
record outputs 1460 including, but not limited to, a Sequen 
tial output, a reader output, a writer output and a document 
output, for example. Thus, the Xslt processor 1430, through 
the record builder 1450, facilitates incremental stream out 
put of transformed XML items, providing advantages over 
conventional Systems. By way of illustration and not limi 
tation, a record output 1460 may only desire to See trans 
formed XML items until a desired transformed item is 
encountered and may then desire that transformation termi 
nate. The record level Streaming output facilitated by the 
record builder 1450 facilitates such early termination. 
0082 In view of the exemplary systems shown and 
described above, methodologies that can be implemented in 
accordance with the present invention will be better appre 
ciated with reference to the flow charts of FIGS. 15 through 
18. While, for purposes of simplicity of explanation, the 
methodologies are shown and described as a Series of 
blocks, it is to be understood and appreciated that the present 
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invention is not limited by the order of the blocks, as some 
blocks may, in accordance with the present invention, occur 
in different orders and/or concurrently with other blocks 
from that shown and described herein. Moreover, not all 
illustrated blockS may be required to implement a method 
ology in accordance with the present invention. 
0083. The invention may be described in the general 
context of computer-executable instructions, Such as pro 
gram modules, executed by one or more components. Gen 
erally, program modules include routines, programs, objects, 
data Structures, etc. that perform particular tasks or imple 
ment particular abstract data types. Typically the function 
ality of the program modules may be combined or distrib 
uted as desired in various embodiments. Furthermore, 
computer executable instructions operable to perform the 
methods described herein may be Stored on computer read 
able media. 

0084 FIG. 15 illustrates a method 1500 for transforming 
XML data from one form to another. At 1505 general 
initializations occur. Such initializations include, but are not 
limited to, allocating memory, establishing pointers, estab 
lishing data communications, acquiring resources, instanti 
ating objects, and Setting initial values for variables. At 
1510, a style sheet is input. At 1515 the style sheet is 
compiled, which can result in the creation of one or more 
actions, queries and a root action being made available to an 
Xslt processor. At 1520, an XML item to be transformed is 
input. 

0085. At 1525, the input XML item is pattern matched 
against one or more templates in the Style sheet to determine 
whether the XML item has an associated transformation 
action. At 1530 a determination is made concerning whether 
there was a pattern match at 1525. If the determination at 
1530 is NO, that no match was found, then processing 
proceeds to 1550. But if the determination at 1530 is YES, 
that a match was found, then at 1535 a determination is made 
concerning whether the XML item is an item that the user 
desires to have transformed. For example, although there 
may be a match for the item, the item may not be of interest 
to a user and thus the user may have programmed the 
method 1500 to ignore such matches. 
0086). If the determination at 1535 is NO, then processing 
proceeds to 1550. But if the determination at 1535 is YES, 
then at 1540 the XML item is transformed and at 1545 the 
item is posted to an output manager. At 1550, a determina 
tion is made concerning whether there is another item to be 
transformed. If the determination at 1550 is NO, then 
processing can conclude, otherwise processing returns to 
1520. 

0087 FIG. 16 illustrates a compilation method 1600 
associated with the method 1500 for transforming XML data 
from one form to another. At 1605 general initializations 
occur. Such initializations include, but are not limited to, 
allocating memory, establishing pointers, establishing data 
communications, acquiring resources, instantiating objects, 
and setting initial values for variables. At 1610 a style sheet 
is input to the method 1600. A style sheet may include one 
or more external references. Thus, at 1615, Such external 
references are resolved. At 1620, the root action for the style 
sheet is found to facilitate compiling Such root action first. 
At 1625 the root action of 1620 is compiled. Such compi 
lation may include compiling root attributes and/or verifying 
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root attributes, for example. At 1630 the method 1600 
attempts to identify whether the style sheet of 1610 has a 
non-root action Since a well-formed XML document may 
have only a root action. At 1635, a determination is made 
concerning whether a non-root action was identified. If the 
determination at 1635 is NO, that there is not a non-root 
action, then at 1640 processing associated with an error 
condition (e.g., interrupt, Signal, throw exception) may be 
undertaken if the style sheet 1610 has not been identified as 
a well formed XML document. 

0088. If the determination at 1635 is YES, then at 1645 
the non-root action is compiled. Such compilation may 
include, but is not limited to, compiling attributes and 
Verifying attributes. Compiling the attributes may in turn 
include, but is not limited to, Storing one or more attributes 
in memory, Storing one or more values in memory and 
adding one or more queries to a query Store. While compil 
ing the non-root action, the compiler may determine, at 
1650, whether the action has a body that in turn may need 
compiling. If the determination at 1650 is YES, that the body 
has a non-root action, then the compilation Steps of 1645 and 
1650 may be recursively performed to compile such body. 

0089. If the determination at 1650 is NO, then processing 
proceeds to 1660 where a determination is made concerning 
whether there is another style sheet to compile. If the 
determination at 1660 is NO, then processing may conclude, 
otherwise processing may return to 1610. 

0090 FIG. 17 illustrates an Xslt processing and execu 
tion method 1700 associated with the method 1500 for 
transforming XML data from one form to another. At 1705 
general initializations occur. Such initializations include, but 
are not limited to, allocating memory, establishing pointers, 
establishing data communications, acquiring resources, 
instantiating objects, and Setting initial values for variables. 

0091 At 1710 a transformer is initialized. Such initial 
ization may include, but is not limited to allocating memory 
(e.g., action frame Stack), establishing a state machine, 
establishing data communications (e.g., with compiled style 
sheet, with XML input data Source), Verifying Security, 
authenticating users and the like. At 1715, a root action 
provided by the compiler is pushed onto the action frame 
stack. At 1720, a template lookup action for the root of the 
Style sheet is performed. Once the root action has been 
processed, then a loop that looks for Subsequent actions to 
push onto the Stack frame and Subsequent instructions to 
perform Such pushed actions is initiated. 

0092. Thus, at 1725, a determination is made concerning 
whether another action has been acquired and should be 
pushed on the stack. If the determination at 1725 is YES, 
then at 1730, the action is pushed on the stack. But if the 
determination at 1725 is NO, then at 1735 a determination 
is made concerning whether another instruction to execute 
an action has arrived. If the determination at 1735 is NO, 
then at 1740 a determination is made concerning whether the 
method 1700 will continue. If the determination at 1740 is 
NO, then processing can conclude, otherwise processing 
returns to 1725. If the determination at 1735 is YES, then at 
1745 a determination is made concerning whether there are 
any more actions on the Stack to perform. 

0093. If the determination at 1745 is NO, that there are no 
more actions on the Stack, then at 1750 processing associ 
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ated with an error condition (e.g., interrupt, exception, 
Signal, termination) may be performed and then processing 
may conclude or return to 1725. But if the determination at 
1745 is YES, then at 1755, the action may be performed 
followed at 1760 by the action being popped off the stack. 
At 1765 at determination is made concerning whether the 
Stack is empty. If the Stack is empty, then processing can 
conclude, otherwise processing returns to 1725. 
0094 FIG. 18 illustrates an event flow processing 
method 1800 associated with the method 1500 for trans 
forming XML data from one form to another. At 1805 
general initializations occur. Such initializations include, but 
are not limited to, allocating memory, establishing pointers, 
establishing data communications, acquiring resources, 
instantiating objects, and Setting initial values for variables. 
0.095 At 1810 an event is received. Since an event may 
have associated content, at 1815 a determination is made 
concerning whether the event has content. If the determina 
tion at 1815 is NO, then at 1820 non-content event process 
ing occurs. For example, a State machine may be updated. If 
the determination at 1815 is YES, then at 1825 the content 
is validated to facilitate determining whether a well-formed 
and/or valid transformed XML item will be produced. At 
1830 a determination is made concerning whether the con 
tent is valid. If the determination at 1830 is NO, then at 1835 
processing associated with an error condition may be per 
formed (e.g., interrupt, Signal, termination). But if the deter 
mination at 1830 is YES, then at 1840 the validated content 
is added to an output record being constructed by the method 
1800. 

0096. Since the present invention facilitates providing 
output to a variety of output Sources (e.g., push model 
output, pull model output), at 1845 a determination is made 
concerning whether the record is ready to be pushed. If the 
determination at 1845 is YES, then at 1850 the record may 
be pushed. But if the determination at 1845 is NO, then at 
1855 a determination may be made concerning whether 
there is a request to pull the record. If the determination at 
1855 is YES, then at 1860 the record can be pulled. 
0097. At 1865, a determination is made concerning 
whether there is another event to process. If the determina 
tion is NO, that there is not another event to process, then 
processing can conclude, otherwise processing can return to 
1810. While method 1800 includes blocks concerning both 
push and pull model output, it is to be appreciated that either 
push and/or pull and/or other output models may be 
employed in accordance with the Streaming output provided 
by the present invention. 
0098. In order to provide additional context for various 
aspects of the present invention, FIG. 19 and the following 
discussion are intended to provide a brief, general descrip 
tion of one possible suitable computing environment 1910 in 
which the various aspects of the present invention may be 
implemented. It is to be appreciated that the computing 
environment 1910 is but one possible computing environ 
ment and is not intended to limit the computing environ 
ments with which the present invention can be employed. 
While the invention has been described above in the general 
context of computer-executable instructions that may run on 
one or more computers, it is to be recognized that the 
invention also may be implemented in combination with 
other program modules and/or as a combination of hardware 
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and Software. Generally, program modules include routines, 
programs, components, data Structures, etc. that perform 
particular tasks or implement particular abstract data types. 
Moreover, one will appreciate that the inventive methods 
may be practiced with other computer System configura 
tions, including Single-processor or multiprocessor com 
puter Systems, minicomputers, mainframe computers, as 
well as personal computers, hand-held computing devices, 
microprocessor-based or programmable consumer electron 
ics, and the like, each of which may be operatively coupled 
to one or more associated devices. The illustrated aspects of 
the invention may also be practiced in distributed computing 
environments where certain tasks are performed by remote 
processing devices that are linked through a communica 
tions network. In a distributed computing environment, 
program modules may be located in both local and remote 
memory Storage devices. 

0099 FIG. 19 illustrates one possible hardware configu 
ration to Support the Systems and methods described herein. 
It is to be appreciated that although a Standalone architecture 
is illustrated, that any Suitable computing environment can 
be employed in accordance with the present invention. For 
example, computing architectures including, but not limited 
to, Stand alone, multiprocessor, distributed, client/server, 
minicomputer, mainframe, Supercomputer, digital and ana 
log can be employed in accordance with the present inven 
tion. 

0100. With reference to FIG. 19, an exemplary environ 
ment 1910 for implementing various aspects of the invention 
includes a computer 1912, including a processing unit 1914, 
a system memory 1916, and a system bus 1918 that couples 
various System components including the System memory to 
the processing unit 1914. The processing unit 1914 may be 
any of various commercially available processors. Dual 
microprocessors and other multi-processor architectures 
also can be used as the processing unit 1914. 
0101 The system bus 1918 may be any of several types 
of bus structure including a memory bus or memory con 
troller, a peripheral bus, and a local bus using any of a 
variety of commercially available bus architectures. The 
computer memory 1916 includes read only memory (ROM) 
1920 and random access memory (RAM) 1922. A basic 
input/output System (BIOS), containing the basic routines 
that help to transfer information between elements within 
the computer 1912, such as during start-up, is stored in ROM 
1920. 

0102) The computer 1912 may further include a hard disk 
drive 1924, a magnetic disk drive 1926, e.g., to read from or 
write to a removable disk 1928, and an optical disk drive 
1930, e.g., for reading a CD-ROM disk 1932 or to read from 
or write to other optical media. The hard disk drive 1924, 
magnetic disk drive 1926, and optical disk drive 1930 are 
connected to the system bus 1918 by a hard disk drive 
interface 1934, a magnetic disk drive interface 1936, and an 
optical drive interface 1938, respectively. The computer 
1912 typically includes at least some form of computer 
readable media. Computer readable media can be any avail 
able media that can be accessed by the computer 1912. By 
way of example, and not limitation, computer readable 
media may comprise computer Storage media and commu 
nication media. Computer Storage media includes volatile 
and nonvolatile, removable and non-removable media 
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implemented in any method or technology for Storage of 
information Such as computer readable instructions, data 
Structures, program modules or other data. Computer Storage 
media includes, but is not limited to, RAM, ROM, 
EEPROM, flash memory or other memory technology, CD 
ROM, digital versatile disks (DVD) or other magnetic 
Storage devices, or any other medium which can be used to 
Store the desired information and which can be accessed by 
the computer 1912. Communication media typically embod 
ies computer readable instructions, data structures, program 
modules or other data in a modulated data Signal Such as a 
carrier wave or other transport mechanism and includes any 
information delivery media. The term "modulated data Sig 
nal” means a Signal that has one or more of its characteristics 
Set or changed in Such a manner as to encode information in 
the Signal. By way of example, and not limitation, commu 
nication media includes wired media Such as a wired net 
work or direct-wired connection, and wireleSS media Such as 
acoustic, RF, infrared and other wireleSS media. Combina 
tions of any of the above should also be included within the 
Scope of computer readable media. 

0103) A number of program modules may be stored in the 
drives and RAM 1922, including an operating system 1940, 
one or more application programs 1942, other program 
modules 1944, and program non-interrupt data 1946. The 
operating system 1940 in the computer 1912 can be any of 
a number of commercially available operating Systems. 

0104. A user may enter commands and information into 
the computer 1912 through a keyboard 1948 and a pointing 
device, such as a mouse 1950. Other input devices (not 
shown) may include a microphone, an IR remote control, a 
joystick, a game pad, a Satellite dish, a Scanner, or the like. 
These and other input devices are often connected to the 
processing unit 1914 through a serial port interface 1952 that 
is coupled to the system bus 1918, but may be connected by 
other interfaces, Such as a parallel port, a game port, a 
universal serial bus (“USB”), an IR interface, etc. A monitor 
1954, or other type of display device, is also connected to the 
system bus 1918 via an interface, such as a video adapter 
1956. In addition to the monitor, a computer typically 
includes other peripheral output devices (not shown), Such 
as Speakers, printers etc. 

0105 The computer 1912 may operate in a networked 
environment using logical and/or physical connections to 
one or more remote computers, Such as a remote comput 
er(s) 1958. The remote computer(s) 1958 may be a work 
Station, a Server computer, a router, a personal computer, 
microprocessor based entertainment appliance, a peer device 
or other common network node, and typically includes many 
or all of the elements described relative to the computer 
1912, although, for purposes of brevity, only a memory 
storage device 1960 is illustrated. The logical connections 
depicted include a local area network (LAN) 1962 and a 
wide area network (WAN) 1964. Such networking environ 
ments are commonplace in offices, enterprise-wide com 
puter networks, intranets and the Internet. 

0106 When used in a LAN networking environment, the 
computer 1912 is connected to the local network 1962 
through a network interface or adapter 1966. When used in 
a WAN networking environment, the computer 1912 typi 
cally includes a modem 1968, or is connected to a commu 
nications Server on the LAN, or has other means for estab 
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lishing communications over the WAN 1964, such as the 
Internet. The modem 1968, which may be internal or exter 
nal, is connected to the system bus 1918 via the serial port 
interface 1952. In a networked environment, program mod 
ules depicted relative to the computer 1912, or portions 
thereof, may be stored in the remote memory Storage device 
1960. It will be appreciated that the network connections 
shown are exemplary and other means of establishing a 
communications link between the computerS may be used. 
0107 FIG. 20 is a schematic block diagram of a sample 
computing environment 2000 with which the present inven 
tion may interact. The system 2000 includes one or more 
clients 2010. The clients 2010 may be hardware and/or 
Software (e.g., threads, processes, computing devices). The 
clients 2010 may house threads that desire to transform 
XML items by employing the present invention, for 
example. The system 2000 also includes one or more servers 
2030. The servers 2030 may also be hardware and/or soft 
ware (e.g., threads, processes, computing devices). The 
servers 2030 may house threads to perform transformations 
by employing the present invention, for example. 
0108. The system 2000 includes a communication frame 
work 2050 that can be employed to facilitate communica 
tions between the clients 2010 and the servers 2030. Such a 
communication framework may house remoting features 
and/or a thread pool, for example that facilitate client/server 
XML transformation processing, for example. The clients 
2010 are operably connected to one or more client data 
stores 2015 that can be employed to store information local 
to the clients 2010 (e.g., XML input items). Similarly, the 
servers 2030 are operably connected to one or more server 
data stores 2040 that can be employed to store information 
local to the servers 2030 (e.g., output destination informa 
tion). The communication framework 2050 facilitates trans 
mitting a data packet between, for example, one or more 
clients 2010 and one or more servers 2030. Such a data 
packet may include, for example, first fields that are adapted 
to store an input XML item in an abstracted format and 
Second fields that are adapted to Store metadata associated 
with the abstracted input XML item. In one example of the 
present invention the abstracted format conforms to the 
XPath Specification and in another example of the present 
invention, the metadata exposes the W3C InfoSet concerning 
the input XML item. 
0109 What has been described above includes examples 
of the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art may recognize that 
many further combinations and permutations of the present 
invention are possible. Accordingly, the present invention is 
intended to embrace all Such alterations, modifications and 
variations that fall within the spirit and scope of the 
appended claims. Furthermore, to the extent that the term 
“includes” is used in either the detailed description or the 
claims, Such term is intended to be inclusive in a manner 
Similar to the term “comprising as “comprising” is inter 
preted when employed as a transitional word in a claim. 
What is claimed is: 

1. A method for transforming XML items, the method 
comprising: 

inputting one or more Style sheets, 
compiling the one or more Style sheets to produce one 

or more actions, 
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Selectively inputting one or more XML items, 
pattern matching the one or more XML items to one or 

more templates located in the one or more Style 
sheets, 

Selectively performing transformations on a Subset of 
the one or more XML items based, at least in part, on 
one or more actions associated with the one or more 
templates, and, 

building an output record of one or more transformed 
XML items, where the output record may be pushed 
to a destination data Source and/or pulled by a 
destination data Source. 

2. The method of claim 1, where compiling the one or 
more Style sheets comprises: 

resolving one or more external references in the one or 
more Style sheets, 

identifying a root action; 
compiling the root action; 
identifying one or more non-root actions that descend 

from the root action; and 
compiling the one or more non-root actions. 
3. The method of claim 2, where compiling the root action 

comprises: 
compiling root action attributes, and 
Verifying attributes. 
4. The method of claim 2, where compiling the one ore 

more non-root actions comprises: 
compiling attributes, 
Verifying attributes, and 
recursively compiling a body to the non-root action. 
5. The method of claim 4, where compiling attributes 

comprises: 
Storing one or more attribute names in memory; 
Storing one or more attribute values in memory; and 
adding one or more queries to a query Store. 
6. The method of claim 1, where the one or more XML 

items are input from one or more input data Stores. 
7. The method of claim 6, where the one or more input 

data Stores Store the one or more XML items in one or more 
different data representations. 

8. The method of claim 7, where the one or more different 
data representations are normalized to a common data 
representation that exposes a data model and infoSet. 

9. The method of claim 8, where the one or more input 
XML items are read from a stream of input XML items. 

10. The method of claim 9, where the one or more input 
XML items are selectively read from a stream of XML 
items. 

11. The method of claim 1, where selectively performing 
transformations on a Subset of the one or more XML items 
comprises: 

initializing a transformer; 
pushing a root action onto an action frame Stack, 
performing a template lookup action for the root of a Style 

sheet; 
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pushing one or more actions onto the action frame Stack; 
receiving one or more instructions to execute an action; 
performing one or more actions, 
generating one or more events, 
validating the one or more events, 
Sending one or more events and associated content to a 

record builder; and 
popping the one or more actions off the action frame 

Stack. 
12. The method of claim 11, where performing the one or 

more actions comprises: 
Selectively adding one or more markup characters to a 

data item; 
Selectively deleting one or more markup characters from 

a data item; 
Selectively adding one or more content characters to a 

data item; 
Selectively deleting one or more content characters from 

a data item; and 
Selectively generating an output item from the data item. 
13. The method of claim 1, where building an output 

record of transformed XML items comprises: 
receiving an event; 
validating a content associated with the event; and 
Selectively adding the content to an output record. 
14. A computer readable medium Storing computer 

executable instructions operable to perform the method of 
claim 1. 
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15. A system for transforming XML items, the system 
comprising: 

means for receiving one or more files containing XML 
item pattern matching rules and associated output gen 
erating rules, 

means for compiling the one or more files to produce one 
or more compiled pattern matching rules and output 
generating rules; 

means for inputting one or more XML items, means for 
applying the compiled pattern matching rules to the one 
or more XML items to identify one or more XML items 
to alter; 

means to alter the one or more identified XML items; and 

means for building an output record of one or more 
transformed XML items by applying the compiled 
Output generating rules. 

16. A data packet adapted to be transmitted between two 
or more computer processes, the data packet comprising: 

one or more first fields adapted to store an input XML 
item in an abstracted format; and 

one or more Second fields adapted to Store metadata 
associated with the abstracted input XML item. 

17. The data packet of claim 16, where the abstracted 
format conforms to the XPath specification. 

18. The data packet of claim 16, where the metadata 
exposes the W3C Infoset concerning the input XML item. 


