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<constraint type="attr" name="orderDate" path="/purchaseOrder">
<datatype type="xsd:time">
</datatype>

</constraint>
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<insert path="/" name="comment def">
<xsd_element type="xsd:string" name="comment">
</xsd_element> 40
</insert>
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0000
<?XML version="1.0" encoding="UTF-8"?>
<root>
<namespaces™>
<namespace value="http://java.sun.com/XML/ns/jaxb"
name="XMLns:jaxb">
</namespace>
</namespaces™>
<constraints™>
<constraint type="attr" name="orderDate" path="/purchaseOrder">
<datatype type="xsd:date">
</datatype>
</constraint>
<constraint type="elem" name="productName"
path="/purchaseOrder/items/item/productName">
<datatype type="xsd:string">
</datatype>
</constraint>
<constraint type="elem" name="quantity"
path="/purchaseOrder/items/item/quantity">
<datatype type="xsd:integer">
</datatype>
</constraint>
<constraint type="elem" name="USPrice"
path="/purchaseOrder/items/item/USPrice">
<datatype type="xsd:decimal">
</datatype>
</constraint>
</constraints™>
<inserts>
<insert path="/" name="comment_def">
<xsd_element type="xsd:string" name="comment">

10

20

30

</xsd_element> 0

</insert>
</inserts>
</root>
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<xsd:element name="purchaseOrder" type="_purchaseOrder"/>

and can include a complexType definition:

<xsd:complexType name="_purchaseOrder">

<xsd:sequence>

<xsd:element name="1

</xsd:sequence>

s

tems" type="_items"/>

<xsd:attribute name="orderDate" type="xsd:date" use="required"/>

</xsd:complexType>
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[ .

: <xs:element name="item">

C <xs:complexType>

[ <xs:attribute name="partNum" type="xs:string"/>

[ </xs:complexType>

[

: </xs:element>

[
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<xsl:stylesheet xmins:xs|=http://www.w3.0rg/1989/XSTransform version="1.0">

<xsl:output method="xml" indent="yes"/>

<xsl:template match="7">
<xsl.call-template name="process-afl-category-children">
<xsl:with-param name="children" select=""/>
</xsl.call-template>
</xst:template>

<xsl:template name="process-all-category-children">
<xsl:param name="children"/>

<xskif test="count($children) > 0">
<xsl.variable name="first-child" select="local-name($children[1])"/>

<xsl:call-template name="process-like-siblings">
<xsl:.with-param name="siblings" select="$children{local-name(.) = $first-child]"/>
</xsl:call-template>

<xshcall-template name—"process-all -category-children">
<xsl:with-param name="children" select="$children[local-name(.) = $first-child]"/>
</xsl:call-template>
</xst.if>
</xsl:template>

<l-- Pickup only the first sibling from the set of children for a node-->
<xsl:template name="process-like-siblings">
<xsl:param name="siblings"/>

<xsl.variable name="category-name" select="$siblings[1}/@name"/>
<xshvariable name="el-name" select="local-name($siblings[1])"/>

sl 1t name="{ Y>>

<xsl:for-each select="$siblings[1}/@*">
<xsl:variable name="attr-name" select=""/>

<xsl:attribute name="{local-name()}"><xsl:value-of select="$attr-name"/></xsl:attribute>

<xsl:attribute name="XSG_attrcount_{local-name()}"><xsl:value-of
select="count($siblings/@*)"/></xsl:attribute>
</xst:for-each>
<xsk.variable name="count"
select="count($siblings[1}/../[local-name() =
local-name($siblings[1))])"/>
<xsl:variable name="child_count” select="count($siblings/*)"/>

<xsl:if test="$child_count = 0">

FIG. 5.1
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<xsl:attribute name="XSG_val"><xsl:value-of select="$siblings[1]"/></xsl:attribute>

<[xslif>

<xskattribute name="XSG_count"><xsl:value-of

select="$count"/></xsl:attribute>

<xsl:call-template name="process-all-category-chiidren">
<xsl:with-param name="children” select="$siblings/*"/>
</xsl.call-template>

</xsl:element>

</xsl:tempiate>

</xsh:stylesheet>

FIG. 5.2

oooooad

Example Default Constraint Generator XML Style Sheet

> <xsl:stylesheet xmins:xsi="http://www.w3.0rg/1999/XSL/Transform"
> xmins:java="http://xmi.apache.org/xalan/java"

> version="1.0">

> <xsl.output method="xml" indent="yes"/>

>

> <l-- root node-->

> <xsltemplate match="/">

> <root>

> <namespaces>

> <namespace name="xmins:jaxb"

> value="http:/fjava.sun.com/xmi/nsfjaxb"/>
</namespaces>

<constraints>
<xsl:for-each select="*">

<xsl.variable name="el-name" select="local-name(.)"/>
<xslvariable name="new-path” select="concat(, $el-name)"/>

<xst.variable name="elem-val" select="/@XSG_val'/>
<xslif test="string-length($elem-val) > 0">
<xsl.call-template name="gen-constraint">
<xsl:with-param name="name" select="local-name(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xsl:with-param name="type" select="elem"/>
<xsl:with-param name="val" select="$elem-val"/>
</xsl:call-template>
</xslif>

<xsl.for-each select="/@*">
<!-- do not process if node has XSG attributes-—->
<xsl:if test="not(contains(local-name(.), 'XSG_")">
<xsl:variable name="attr-val" select=""/>
<xsl.call-template name="gen-constraint">
<xsl.with-param name="name" select="local-name(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xsl:with-param name="type" select=""attr"/>
<xsl.with-param name="val" select="$attr-val"/>
</xsl.call-template>
<fxslif>
</xsl:for-each>
<xsl:call-template name="process-all-children">
<xsl:with-param name="children" select="/*"f>
<xsl.with-param name="path" select="$new-path"/>
</xsl:call-template>
</xsl.for-each>
</constraints>
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> <inserts>
> <insert name="comment_def" path="/">
> <xsd_element name="comment" type="xsd:string"/>

VVVVYVVVVVVVVYVVVVVVYVVVVYVVVVVVVVVVYVVVVVVYVY

<finsert>
<finserts>

</root>

</xsl:template>

<I-- process all children -->
<xsl:template name="process-all-children">

<xsl:param name="children"/>
<xsl:param name="path"/>

<!l-- process if node has children—>

<xslif test="count($children) > ">

<l-- create a xsd:complexType tag-->

<I-- calf template to process other siblings-->

<xsl:for-each select="$children">
<xsl.variable name="el-name" select="local-name( }"/>
<xsl:variable name="new-path" select="concat($path, ‘',

$el-name)"/>

<xsl:variable name="elem-val" select="/@XSG_val"/>
<xsl.if test="string-length($elem-val) > 0">
<xsl.call-template name="gen-constraint">
<xsl:with-param name="name" select="local-name(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xslwith-param name="type" select=""elem"/>
<xsl:with-param name="val" select="$elem-val'/>
</xsl:call-template>
</xslif>

<xsl.call-template name="process-all-children">
<xsl.with-param name="children" select="./*"f>
<xsl:with-param name="path" select="$new-path"/>
</xsh:call-template>

</xsk:for-each>

> <l-- end call template to process other siblings-->

>

</xsl:if>

> <l-- end process if node has children-->
> </xsktemplate>

FIG. 7.2
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>

>

> path"/>
> <xsl:param name="type"/>
> <xskparam name="val"/>
>

>

>

>

:variable name="datatype"><xsl:value-of
java:DataType.getType($name,$val)'/></xsl:variable>
<xsl:element name="constraint">

<xsl:attribute name="type"><xsl:value-of

> select="$type"/></xs|:attribute>

<xslattribute name="name"><xsl.value-of

> select="$name"/></xsl:attribute>

> <xsl.attribute name="path"><xsl.valug-of

> select="$path"/></xstattribute>

> <datatype>

> <xsl:attribute name="type"><xs!:value-of

> select="$datatype"/></xsl:attribute>

> </datatype>

> </xsl:element>

> </xs|template>

v

>
> </xsl:stylesheet>

FIG. 7.3
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Process for Generating Schema
>

> <xsl:stylesheet xmins:xs!="http://www.w3.0rg/1999/XSL/Transform"
> xmins:java="http://xml.apache.org/xalan/java"

> version="1.0">

> <xsl.output method="xml" indent="yes"/>

> <xsl:param name="constraint-document" />

> <i-- root node—->

> <xsltemplate match="/">

>

> <xslelement name="xsd_schema">
> <xslattribute

> name="xmins_xsd">http://www.w3.0ra/2001/XMLSchema</xsk:attribute>
>

> <xslvariable name="namespaces"

> select:“document(normaIize-space($constraint—document))/rooﬂnamespaceslnamespace"/>
>

> <xslvariable name="xmins_jaxb" select="$namespaces|@name =
> 'xmins_jaxb'}/@value'/>

> <xslif test="string-length($xmins_jaxb) > 0">

:attribute name="xmins_jaxb"><xsl:value-of
xmins_jaxb"/></xsl:attribute>

> </xslif>

>

> <xslvariable name="xmins_xjc" select="$namespaces{@name =
> 'xmlns_x\jt:']/@value“/>
> <xslif test="string-length($xmins_xjc) > 0">

> tribute name="xmins_xj¢"><xs}:value-of
> select="$xmins_xjc"/></xsl:attribute>

> </xshif>

>

> <xslvariable name="jaxb_version" select="$namespaces[@name =
> 'jaxb_version'//@value"/>
> <xshif test="string-length($jaxb_version) > 0">

> <xsl.attribute name="jaxb_version"><xsl:value-of
> select="$jaxb_version"/></xs|:attribute>

> </xslif>

>

> <xslvariable name="jaxb_extensionBindingPrefixes"

> select="$namespaces[@name = 'jaxb_extensionBindingPrefixes'@value"/>
> <xslif test="string-length($jaxb_exiensionBindingPrefixes) > 0>

> <xsl.attribute

> name="jaxb_extensionBindingPrefixes"><xsl:value-of

> select="§jaxb_extensionBindingPrefixes"/></xsl:attribute>

> </xslif>

>

> <xsl:copy-of
> select="documem(normaIize-space($constraint—document))lroot/inserts/insert[@path
> = s

FIG. 9.1
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>
>
>

<xsl:for-each select=
<xsl:element name="xsd_glement">
<xsl.attribute name="name"><xsl:value-of

> select="local-name(.)"/></xsl:attribute>

>
>

<xsl:if test="count(./*) > 0">
<xsl:attribute name="type">XSG_<xsl:value-of

> select="local-name(.)"/></xsl.attribute>

VVVVVVVVVVVVVVVVY

</xskif> .
<xsl:if test="count{./*
<xsl:attribute name="type">xsd:string</xsl:attribute>
<fxst:if>

</xsl:element>

</xsl.for-each>

<xsl:for-each select="~">
<xsl:variable name="el-name" select="local-name(.)"/>
<xsl:variable name="new-path" select="concat('/', $el-name)">
<xsl:call-template name="process-all-children">

<xsl:with-param nam hildren” select="./*"/>

<xsl:with-param name="path" select="$new-path"/>
</xsl.call-template>

</xsl:for-each>

<xsl:variable name="attr-constraints"

> select="document(normalize-space($constraint-document))/root/constraints/
constraint{@type="attr'}'/>
>

<xsl.variable name="attr-constraints-refs"

> select="$attr-constraints/datatype[@type="ref]"/>
>

<xsl:copy-of select="$attr-constraints-refs/*/>

>
> </xsl.element>

>
> </xslktemplate>
>

> <I-- process all children -->
> <xsitemplate name="process-all-children">

>
>

<xsl:param name="children"/>
<xsl:param name="path"/>

> <I-- process if node has children-->

>

<xsl:if test="count($children) > 0">

> <l-- create a xsd:.complexType tag-->

>
>

<xsl.element name="xsd_complexType">
<xsl.attribute name="name">XSG_<xsl:value-of

> select="local-name($children[1}/. )"/></xskattribute>

>

> <|.- call template to process i

>
>
>

<xsl.element name="xsd_sequence">

siblings-->
<xskcall-template name="process-like-siblings">

<xsl:with-param name="siblings" select="$children"/>

<xshwith-param name="path" select="$path"/>

FIG. 9.2
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> </xskcall-template>
> <xsl:copy-of

> seIec\="document(normalize~space($constraint-document))lroovinsens/insen{@path
> = $path)/*/>

> </xsl.element>

> <l-- create attributes for each xsd:complexType tag—>
> <xsl:for-each select="/@*">

<xsl:variable nami

attr_name" select="local-name(.)"/>
<xsl:variable name=

>
> attr_val" select="."/>

> <xsLif test="not(contains{$atir_name,'XSG_")">

> <xsl:element name="xsd_attribute">

> <xsl.attribute name="name"><xsl:value-of

> select="$attr_name"/></xsl:attribute>

> <xsl.variable name="attr_type" select="xsd_date"/>
> <xsl:variable name="attr-constraints"

> select="document(normalize-space($constraint-document))/root/constraints/
constraint{@type="attr]"/>

> <xsl:variable name="constraint-path"

> select="9attr-constraints{@path=string($path)]"/>

> <xsl:variable name="constraint-path-val"

> select="$constraint-path/@path"/>

> <xsl:variable name="constraint-attr-name"

> select="$constraint-path/@name"/>

> <xslvariable name="datatype"

> select="$constraint-path/datatype/@type"/>

> <xsl:variable name="dataname"

> select="$constraint-path/datatype/@name"/>

> <xsl:if test="($attr_name = $constraint-attr-name)">

> <xsl:attribute name="type"><xsl:value-of
> select="$datatype'/></xslattribute>

> </xslif>

>

> <xsl:if test="$datatype = 'ref">

> <xsl:attribute name="type"><xskvalue-of
> select="$dataname'/></xsl:aftribute>

> <fxsl:if>

<xsl:attribute name="type"><xsl:value-of

select="java:DataType.getType($attr_name, $attr_val)"/></xskattribute>

>
>
> <xskif test="not($attr_name = $constraint-attr-name)">
>
>
> </xslif>

FIG. 9.3
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> select="document(normalize-space($constraint-document))/root/constraints/
constraint[@type="elem']"/>

> <xsl:variable nhame="constraint-path"

> select="$elem-constraints|@path=string($new-path)]"/>
> <xsl:variable name="constraint-path-val"

> select="$constraint-path/@path"f>

> <xsl:variable name="constraint-attr-name"

> select="$constraint-path/@name"/>

>

> <xslif test="count(./*) = 0">

> <xsl:if test="$constraint-path-val = $new-path">
> <xsl:variable name="datatype"

> select="$constraint-path/datatype/@type"/>
>

> <xslif test="$datatype = 'local">
> <l--<xsl:attribute name="type"><xsl:value-of
> select="$datatype'/></xslattribute>-->

</xsl:element>
</xsl:for-each>
> <!l-- end create xsd:element tag for each siblings-->
> </xsltemplate>
>

> <xsl:copy-of select="$constraint-path/datatype/*"/>

> </xsl:if>

>

> <xsl:if test="starts-with($datatype, 'xsd.")">

> <xst:attribute name="type"><xsl:value-of

> select="$datatype'/></xsl:attribute>

>

> <xshvariable name="xsg_val" select="/@XSG_val"/>

> <xsl:if test="not($constraint-path-val = $new-path)">

> <xsl:attribute name="type"><xsl:value-of .
> select="java:DataType.getType($el-name,$xsg_val)"/></xsl:attribute>
> </xsl:if>

> </xsliif>

> <fxstif>

> </xskif>

>

>

> </xsl:stylesheet>

FIG. 9.5
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<xskif test="string-length(‘$attr_val') > 0">
> <xsl:attribute name="use">required</xsl:attribute>
> <Ixsl:if>

> </xsl.element>

> </xslif>

> </xsl:for-each>

> </xslelement>

> <!-- end create xsd:complexType tag-->

>

> <l-- call template to process other siblings—>
> <xsl:for-each select="$children">
> <xsl:variable name="el-name" select="local-name(.)"/>
> <xsl:variable name="new-path” select="concat($path, /,
> $el-name)'>
<xsl.call-template name="process-all-children">
<xsl:with-param name="children" select="/*"/>
<xsl:with-param name="path" select="$new-path"/>
</xsl.call-template>
</xslkfor-each>
> <I-- end call template to process other siblings-->
> </xslif>
> <l-- end process if node has children-->
> </xshtemplate>
>

VVVVvVYy

> <l-- process like siblings-->

> <xsltemg name="process-lik
> <xsl:param nam iblings"/>
> <xslparam nam ath"/>

> <xslvariable name="category-name" select="$siblings[1}/@name"/>
> <l.. create xsd:element tag for each siblings-->

> <xskfor-each select="$siblings">

> <xslvariable name="el-name" select="local-name(.)">

> <xsl:variable name="new-path” select="concat($path, ',

> $el-name)"/>

> <xsl:element name="xsd_element">

iblings">

> <xsk.attribute name="name"><xsl:value-of

> select="local-name(.)"/></xslattribute>

> <xsl:if test="count(./*) > 0">

> <xslattribute name="type">XSG_<xsl:value-of

> select="local-name(.)"/></xsl.attribute>

> <xsl:variable name="count" select="$siblings[1/@XSG_count"/>
> <xsl.if test="number($count) > ">

> <xsl.attribute name="minOccurs">1</xslattribute>

> </x ttribute name="maxOccurs">unbounded</xs|:attribute>

> </xslif>

> </xsl:if>

> <xsi:variable name="elem-constraints"

FIG. 9.4

oooooan

»—1000

JP 2006-92529 A 2006.4.6

1014



(25) JP 2006-92529 A 2006.4.6

Ooooooao
’/1000
/1022 [1024 /1026 /1014
. B YL\l
Faty *&) F4RD F42h
/1020
1004 1010 /1012 /1030 /1040
¥ —i—F — A
F2TUA | | F—H—F| | w92 ae-n | [ Ap0=7




(26) JP 2006-92529 A 2006.4.6

gooaoodadd

1. TITLE OF THE INVENTION

O SYSTEM AND METHOD FOR AUTOMATICALLY GENERATING XML SCHEMA FOR VALIDATING XML 1
NPUT DOCUMENTS

2. DETAILED DESCRIPTION OF THE INVENTION

BACKGROUND OF THE INVENTION

[0001]0 O XML (EXtensible Markup Language) is a self-descriptive markup languag
e that is finding ever wider application as a data transmission and processing t

ool.O XML is efficient at describing and defining data and is therefore used eve
r increasingly in data intensive applications.O In this way XML is different fro
m HTML, which was designed for displaying data.

[0002]0C O XML data can be readily transmitted between computers using any type

of data transmission media.d This XML data can be processed using computer progr
ams and other suitably configured applications.d Commonly, an XML file is receiv
ed by an application and processed to generate an output.d For example, in one i
mplementation, XML can be used to provide inventory information.O Such informati
on can be provided in the form of an XML compliant document (referred to herein

as and XML document of xml.doc).O In one implementation, such information could,
for example, be formatted as follows:

<Camera>

O O O <name>Canon-Sure-Shot-Z155</name>

000 <f-stop>4.8-11.7</f-stop>

O 0O 0O <focal length>37-155mm zoom</ focal length >
0O 0O O <cost>$318.00USD</cost>

</Camera>

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooo

[0003]0 O This simplified example of an XML document provides an illustration o
f inventory information relating to a camera.d 1In an XML document, the data ite
ms are formatted as parts of XML elements, with XML documents containing one or

more such elements.O In XML, a data item is "wrapped" between start/end tags to

form an XML element.d For example, a start tag "<name>" and an end tag "</name>"
wrap the data element "Canon-Sure-Shot-Z155" to form an XML element "<name>Cano
n-Sure-Shot-zZ155</name>".

[0004]0 O A more complex element can be defined using, for example, an element

defined by < camera > ... </camera>.[O Methods and formats used to describe XML

data are, of course, well known to those having ordinary skill in the art and so
will not be discussed in detail here.

[0005]0 O Using the above-described example, the XML information conforms to an

XML data structure. As used here, an XML data structure refers to the arrangem
ent and organizational format of "empty"” data elements.d Such structure is defi
ned by the arrangement and format that defines the relationship of elements to e
ach other within a given XML document.d Again, using the above-described example
, the structure of the XML document can be formatted as follows:

0 0O 0O <Camera>
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000000 <name> ...</name>
O00000c<f-stop> ... </f-stop>
0OO00ddddc<focal length> ... </ focal length >
0O0O0O0O0Od0Odc<cost> ... </cost>

000 </Camera>

[0006]0C O The foregoing simplified example defines an example data framework th
at defines a data structure for the example document.

[0007]0C O 1In many implementations, XML documents are used to provide data to ap
plications that perform various operations using the XML data.O Commonly, such
applications are configured to receive the XML data in a given order and having
a specified format.O If the data is provided in an incorrect order or having an
improper format, it may be unusable by an application.Od Improperly configured X
ML data can cause application programs to fail or crash or cause other undesirab
le outcomes.O Under such circumstances the XML document (and associated data) ar
e considered "invalid".O Consequently, applications are commonly equipped with s
mall programs that "validate™ received XML documents.O If the XML documents cont
ain XML data in the proper order and of the correct format it is said to be vali
d and the application can operate on the data.l One approach used to validate XM
L documents is to use an XML schema (also referred to as .xsd files) to validate
the XML data.O The validation schema can be included as part of the application
or used as an add-on validation module.O XML schema are used to describe the st
ructure of XML documents. As is known to those having ordinary skill in the art
,XML schema are useful for defining elements or attributes that can appear in a
document.d XML schema can be used to define whether elements are child elements
and the number and order of child elements.O XML schema can also define whether
an element is empty or can include text and can also define data types for elem
ents and attributes as well as defining default and fixed values for elements an
d attributes.O These attributes are quite useful for defining and validating XML
documents.

[0008]C O However, in common usage, the data and structure of XML documents are
constantly changing.d Additionally, each change of data or structure typically
necessitates a corresponding change in the associated XML schema.Od 1In the curr

ent art, such schema must be changed or rewritten by hand to implement the chang

es.O In the short example provided herein above such changes may be relatively

simple to effectuate.O However, most validation schema are very long with many e

lements and the process of carefully and accurately generating suitable schema ¢

an be extremely time consuming.0 Using conventional processes generating accurat

e schema capable of validating XML documents is a laborious, meticulous, and tim

e consuming process.[

SUMMARY OF THE INVENTION

[0009]0 O Broadly speaking, the invention relates to techniques, systems and ap
paratus for automatically generating schema without the need for recoding by han
d.d In particular, embodiments of the invention can automatically generate schem
a using an initial documents constructed in an XML compatible format.

[0010]0C O The invention can be implemented in numerous ways, including a systenm
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, an software module, a method, or a computer readable medium as well as other i
mplementations.O Several embodiments of the invention are discussed below.

[0011]0C O One embodiment of the invention is directed to a method for generatin
g XML schema.d Such method involves the operations of providing an initial XML d
ocument that includes raw XML data comprising data items arranged in XML data el
ements and analyzing the XML document to identify XML data structures and theref
rom generating a data framework that corresponds to the format of the data struc
tures in the XML document.d The method involves analyzing the data items of the

initial XML document to determine data constraints based on the data items.[O XML
schema are then generated based on the data framework generated and the data co
nstraints determined from the raw xml data.

[0012]0C O 1In another embodiment, the disclosure teaches a computer program prod
uct embodied in a computer readable media that includes code for generating XML
schema. The computer program product includes code for receiving an initial XML
document that that includes raw XML data comprising data items arranged in XML

data structures.d The product includes code for analyzing the XML document to id
entify the XML data structures.d The program code generates a data framework ass
ociated with the format of the data structures in the XML document and includes

code for analyzing data items from the initial XML document and determining XML
data constraints based on the data items.d The code also includes instructions f
or generating XML schema based on the data framework generated and the XML data

constraints determined from the data items.

[0013]0 O 1In another embodiment the principles of the present invention enable
a computer system. The computer system including at least one central processin
g unit (CPU), memory, and user interface in combination configured to include an
XML structure analyzer for analyzing a received initial XML document, wherein s
aid analyzing includes identifying the XML data elements of the initial XML docu
ment and generating a data framework associated with a data structure for the XM
L data elements of the initial XML document. Additionally, the system includes
a default constraint generator for analyzing the raw XML data from the initial X
ML document and determining XML data constraints for data items based on the XML
raw data.d The system includes a data constraint merger for receiving at least
one of the XML data constraints from the data constraint generator and a set of
externally supplied data constraints and for outputting a final data constraint
file that is input into a system XML schema generator that receives the data str
uctures from the XML structure analyzer and final data constraint file from the
data constraint merger and generates an XML schema associated with said data str
uctures and final data constraint file.

[0014]0 O 1In another embodiment, a computer module is disclosed.d The module co
mprising an XML structure analyzer for analyzing a received initial XML document
that includes raw XML data comprising data items arranged in XML data elements,
wherein said analyzing includes identifying the XML data elements of the initia
I XML document and generating a data framework associated with a data structure

for the XML data elements of the initial XML document.O The module further inclu
des a default constraint generator for analyzing the raw XML data from the initi
al XML document and determining XML data constraints for data items based on the
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XML raw data.d A data constraint merger is included for receiving at least one
of the XML data constraints from the data constraint generator and a set of exte
rnally supplied data constraints and for outputting a final data constraint file
.0 Also, an XML schema generator is included for receiving the data structures f
rom the XML structure analyzer and final data constraint file from the data cons
traint merger and generating an XML schema associated with said data structures
and final data constraint file.

[0015]0 O 1In another embodiment, another module is disclosed.d This module incl
udes an XML structure analyzer for analyzing a received initial XML document tha
t includes raw XML data comprising data items arranged in XML data elements, whe
rein said analyzing includes identifying the XML data elements of the initial XM
L document and generating a data framework associated with a data structure for
the XML data elements of the initial XML document.d The module further includes
a default constraint generator for analyzing the raw XML data from the initial X
ML document and determining XML data constraints for data items based on the XML

raw data.d An XML schema generator is included for receiving the data structure
s from the XML structure analyzer and default data constraint file from the defa
ult constraint generator and generating therefrom an XML schema associated with
said data structures and final data constraint file.

[0016]0 O Other aspects and advantages of the invention will become apparent fr
om the following detailed description, taken in conjunction with the accompanyin
g drawings, illustrating by way of example the principles of the invention.

[0017]0 O The present invention will be readily understood by the following det
ailed description in conjunction with the accompanying drawings, wherein like re
ference numerals designate like structural elements.

DETAILED DESCRIPTION OF THE INVENTION
[0018]0 O The invention relates to techniques, systems, and modules for automat
ically generating XML schema capable of use for validating XML documents.O Embod

iments of the invention are discussed below with reference to Figs. 1-10B.0O Howe
ver, those skilled in the art will readily appreciate that the detailed descript
ion given herein with respect to these figures is for explanatory purposes as th
e invention extends beyond these limited embodiments.

[0019]0C O 1In accordance with one aspect of the invention a typical application

for implementing an XML schema is described.Od Fig. 1 is a simplified block diagr
am illustrating an application program 100 for use in accordance with the princi
ples of the invention.O The program 100 includes an example process 102 for oper
ating on XML documents 101 supplied to the program 100.0 In the depicted embodim
ent a validator 103 (e.g., a validation program) is used to validate XML documen
ts 101 provided to the program 100.0 The validator 103 compares the data structu
re and the format of the data elements of the XML document 101 with an XML schem
a 104 (also provided to the validator) to determine if the structure and format

of the content of the XML document 101 is "valid"” (i.e., correctly configured an
d structured) to operate in the process 102.0 Generally, this means that the st
ructure and format of the content of the XML document 101 matches that of the XM
L schema 104.0 The validator 103 outputs a valid XML document 105.0 The invent
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or notes that although the depicted validator 103 forms part of the program 100,

this need not be the case.d A validator 103 can be separate from the process 10
2.0 The validator 103 simply provides the validated XML file 105 to the process
102.

[0020]0C O Fig. 2 depicts one implementation of a system 200 for automatically g
enerating schema in accordance with the principles of the invention.O In the dep
icted embodiment of the invention, the system can be implemented as a software m
odule 202.0 As persons of ordinary skill will be aware, the system can be implenm
ented in many other configurations.Od For example, the system can form part of an
operating system, be implemented as part of an applications program, additional
ly, the system can be implemented as hardware.d In accordance with some embodime
nts of the invention, the system is implemented as a software module 210 that ca
n be employed to generate XML schema.d As alluded to above, in one embodiment, t
he module can be employed as part of an application or as part of some other pro
gram.d Additionally, as depicted here, in some embodiments the module 210 forms
part of a computer system.d The module 210 is configured to receive an XML file
201 and use the file 201 to generate an associated XML schema 220 that can be us
ed to validate other XML files.O Such validation can, for example, be used to va
lidate other XML files intended for input into various application programs.

[0021]0 O An XML document 201 containing XML data structures and associated XML
data items (also referred to herein as raw XML data) is provided to the module
210.0 The module 210 includes an XML structure analyzer 212 capable of receiving
an XML document and transforming the document into a data framework that define
s the data structure for the XML document 201.0 Generally, the data framework co
mprises the arrangement and structure of the empty elements comprising the XML d
ocument 201.0 This framework information is output 2120 to an XML schema genera
tor 218.0 Additionally, the module can include a default constraint generator 21
4.0 The default constraint generator 214 is capable of receiving an XML document
, identifying the data items of the XML document 201 and defining a set of prope
rties for those data items.d For example, one set of properties that can be iden
tified and defined for the data items is the data types (e.g., string, numeric (
e.g., integer, decimal, etc.), binary, boolean, date, time, anyURI, double, floa
t, NOTATION, Qname, as well as many other "types"™) for each of the data items.[O
These properties can be used to identify specific properties for each data item
and can generate constraints for each data item.O This constraint information i
s output from the default constraint generator 214 as a default constraint file
2140 (e.g., as an XML file).O The default constraint file 2140 can be received b
y a constraint merger 216 which provides selected constraint information to the
XML schema generator 218.0 The schema generator 218 uses the selected constraint
information together with the data structure to translate an XML document 201 i
nto an XML schema associated with the XML document 201.0 Additionally, a user ca
n supply additional constraint information in the form of an externally generate
d constraint file 219 that is also input into the constraint merger 216.0 The co
nstraint merger 216 can choose to select the default constraint file 2140 or the
externally generated constraint file 219 for input into the XML schema generato
r 218.0 Alternatively, the constraint merger 216 can merge the default constrai
nt file 2140 with the externally generated constraint file 219 for to generate a

n input for the XML schema generator 218.
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[0022]0 O Alternatively, the module 210 can be configured so that the default c
onstraint file 2140 is received directly by the schema generator 218 (see the da
shed line 2140") without using the merger 216 and without the externally generat
ed constraints 219.0 1In such case no externally generated constraints 219 are u
sed and the merger 216 is not required.

[0023]0 O Fig. 3 is a flow diagram that describes one typical method embodiment
of the invention.O The process flow 300 can begin by providing an initial XML

document (Step 301).0 This document is typically a correctly formatted document
that would be suitable for processing by the desired applications.O For example,
the XML document can be provided to a software module or other system embodied

herein for generating an XML schema.d The initial XML document is a properly for
matted XML document configured in compliance with an XML format.O The initial XM
L document typically includes XML data structures and raw XML data (XML data ite
ms) that will be used in generating an associated XML schema.O Providing the ini
tial XML document generally includes providing the initial XML document to both

an XML structure analyzer (e.g., 212) and an XML default constraint generator (e
.0., 214)_.0 The initial XML document is analyzed to identify the XML structure o
f the document (Step 303).0 This can be accomplished using an XML structure anal
yzer (e.g., 212).0 The XML elements are identified and the relationships between
the elements are discerned.d A data structure framework associated with data el
ements of the initial XML document is then generated using the information obtai
ned from the analysis of the initial XML document (Step 305).0 O This framework
typically defines a pattern of empty XML data elements configured in an arrangem
ent analogous to that of the initial XML document.d The output data structure fr
amework 307 can be output as an XML document (XML.doc) for later use in the proc
ess.

[0024]0 O The initial XML document is also analyzed to identify the XML data el
ements (raw XML data) of the document (Step 311).0 This can be done at the same
time as steps 303, 305 or at a different time.O Typically, this analysis can be
accomplished using an XML default constraint generator (e.g., 214).0 The XML da
ta items are identified and data properties pertaining to the data items are asc
ertained.d For example, the data types for the data items are identified and the
data attributes are also identified.O A set of default data constraints is the
n generated for each data item (Step 313).0 The default data constraints are ge
nerated based on the data properties of the data items in the initial XML docume
nt.0 Commonly, the default data constraints include type and attribute informat
ion as well as other data property constraints.d The output set of default data
constraints 315 can also be output as an XML document.d Example data constraint
s include but are not limited to attributes that indicate target information (i.
e., an element or attribute to which the constraint has to be applied).O For exa
mple, the type of target can be identified.O In one example, target can be ident
ified as type elementd (type="elem™) or as type attribute (type="attr").O The na
me of the target can be identified (e.g., name="orderDate"™ ).0 A pathname specif
ying a path of the target from the root (/) can be identified (e.g., path="/purc
haseOrder”).0O In one limited example implementation attributes and elements can
be constrained in accordance with the following example formats.O In one example
, attribute information can be constrained as follows:0 <constraint type="attr"
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name="orderDate" path="/purchaseOrder">.0 In another example, element informatio
n can be constrained as follows:0O <constraint type="elem” name="quantity"” path="
/purchaseOrder/items/item/quantity”>.0 As can be appreciated by those of ordina
ry sill in the art many other constraint formats can be utilized and those shown
are merely illustrative rather than limiting.O In another example, a datatype e
lement can hold default datatype information inside a type attribute, in one exa
mple, formatted as follows:

000 (e.g., <datatype type="xsd:string"> </datatype>).

[0025]0 O As can be appreciated by those of ordinary skill in the art, many oth
er constraint formats can be utilized and those shown above are merely intended
to be illustrative rather than limiting.

[0026]0C O 1In one embodiment, the output data structure framework 307 and the ou
tput set of default data constraints 315 are used to automatically generate a sc
hema without any further user input beyond the introduction of the initial XML d
ocument (Step 325).0 In one embodiment, the output data structure framework 307
and the output default set of data constraints 315 (dashed line 316) are receiv
ed by a schema generator (e.g., 218) and processed to automatically generate an
XML schema 330 capable of validating XML files.

[0027]0 O 1In another embodiment, an additional externally generated set of cons
traints can be provided (Step 317).0 An externally generated constraint file ca
n be provided by a user (or generated by a machine in accordance with a predeter
mined set of conditions).0 For example, for a zip code constraint can be confine
d to a type=integer, but also constrained to only validate data items having fiv
e entries (i.e., "90505") or alternatively be constrained to validate data items
having nine entries of the XXXXX-XXXX format (i.e., "90505-1405").0 The externa
Ily generated set of constraints 317 and the default constraints 315 can be proc
essed together to obtain a selected set of constraints (Step 320).0 1In one inst
ance, the two (or more) sets of constraints 315, 317 can be input into a constra
int merger (e.g., 216) which can select either of the constraints to provide a s
elected output constraint 321 (typically in the form of an XML file) which is us
ed with the output data structure framework 307 to automatically generate an XML
schema 330 capable of validating XML files (Step 325).0 1In a simple case, for
example, a merger operating at Step 320 can simply select the set of constraints
315, 317 that is externally generated by a user (e.g., 317) as the selected out
put constraint 321.

[0028]0 O 1In addition to the above approach, another embodiment can process the
externally generated set of constraints 317 and the default constraints 315 tog
ether to obtain another selected set of constraints 321 (Step 320).0 1In this ca
se, the constraints 315, 317 can be input into a constraint merger (e.g., 216) w
hich can merge the constraints 315, 317 to provide a selected output constraint
321 in the form of a merged file (typically in an XML format) that includes data
from both files.O This merged file is used with the output data structure frame
work 307 to automatically generate an XML schema 330 capable of validating XML f
iles (Step 325).0 1In a simple case, for example, the externally generated const
raint information can be used to fill in any gaps in a default constraint docume
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nt.0O Additionally, in conditions where constraint information in the default con

straint file is in conflict with constraint information contained in the externa
Ily generated constraint file, conflicts can be resolved in accordance with a pr
edetermined conflict resolution scheme.O For example, a priority scheme can be
implemented.0 Or the constraint information contained in an externally generated
constraint file can be chosen over the default information.

[0029]0 O The following discussion describes to one example embodiment of a stru
ctural analyzer (e.g., 212) and an associated mode of operation.O In general, a
structural analyzer reads an input XML document, analyzes the structure of the X
ML data elements, and generates a resultant XML document that contains structura
I information in the form of a framework.O This framework is generally conceived
of as comprising XML data elements, attribute information, and selected metadat
a concerning the cardinality of data elements and data attributes.

[0030]0 O Fig. 4 describes a simplified flow diagram 400 illustrating an example
mode of operation for one embodiment of a structural analyzer (e.g., 212) opera
ting to accomplish operations 303, 305 of Fig. 3.

[0031]0 O The initial XML file is read (Step 401) and a "root element"” is gener
ated for the structure (Step 403).0 1In one embodiment a system parser can be us
ed to generate the root element.d The "child" elements of the input XML file are
identified (Step 405).0 Since "sibling"” data elements have the same data forma
t as other associated siblings (the exact content of the data can vary, but the
data format is the same) only the first sibling need be analyzed to identify the
data properties needed to specify the data format for any of the siblings.O And
since the purpose of the validation schema is to confirm that an input XML docu
ment has a correct format, such analysis of the first sibling is sufficient.O Ea
ch first sibling can be processed to determine its name, attributes, number of a
ttributes (attribute count), value, and element count (Step 407).0 Commonly, the
redundant children need not be analyzed since they specify the same data format
as the other related siblings.O The resulting output is a data structure that c
aptures the organizational format of the initial XML file (Step 409).

[0032]0 O In one illustrative example, Table 1 provides an input initial XML fi
le.

0o0oOo0o0ooDOoooDOoooDoood Table 1

<?XML version="1.0" encoding="UTF-8"?>

O <purchaseOrder orderDate="1999-10-20">

0 <items>

O 0O <item partNum="242-NO0" >

O O <productName>Nosferatu - Special Edition (1929)</productName>
O O <quantity>5</quantity>

O O <USPrice>19.99</USPrice>

O </item>

O <item partNum="243-N0" >

O O <productName>The Mummy (1959)</productName>
O O <quantity>3</quantity>

O O <USPrice>19.98</USPrice>

OooooooogogQgogooQo

Ooo0oooogoQgdg
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O00</item>
0 </items>
</purchaseOrder>

[0033]0 O The initial XML file of Table 1 can be used to generate the following
resultant framework (see, Table 2) for the data elements associated with the in
itial XML file.

0o0oOo0o0ooDOoooDOoooDoon0 Table 2

<purchaseOrder orderDate="1999-10-20" XSG_attrcount_orderDate="1"0 XSG_count="1"
>

0 <items XSG_count="1">

O 00 <item partNum="242-N0" XSG_attrcount_partNum="2" XSG_count="2">

0000 <productName XSG_val="Nosferatu - Special Edition (1929)"0 0O O O O XSG
_count="1"/>

0000 <quantity XSG_val="5" XSG_count="1"/>

O 0O0O0O0O <USPrice XSG_val="19.99" XSG_count="1"/>

OO0 </item>

O </items>

</purchaseOrder>

[0034]0 O The root element is generated as, for example, purchaseOrder.d The st
ructure of the above framework includes:0O <purchaseOrder orderDate="1999-10-20"
XSG_attrcount_orderDate="1" XSG_count="1">0 to describe the element: "purchaseOr
der" in its entirety.

[0035]0 O For example, orderDate="1999-10-20" describes the attribute called or
derDate.d Also, XSG_attrcount_orderDate - describes the cardinality (number) of
attribute orderDate for all elements of type purchaseOrder in the XML document.
0 XSG_count="1" describes the cardinality of elements of type purchaseOrder in t
he XML document.d The first data element for item partNumber (i.e., "242-NO0") h
as been kept and defined.O These same definitions and framework parameters apply
to all other sibling data elements for item partNumber (e.g., "243-N0") which h
as already been defined as a framework element.d Therefore, the item partNumber

relating to "243-NO0" need not be analyzed.O The same sort of element definition

is conducted for the other data elements e.g., productName; quantity, and USPric
e.

[0036]0 O Fig. 5 describes one embodiment of, for example, an XSLT style sheet
that can be used to execute the process illustrated in Fig. 4 or the operate the
structural analyzer (e.g., 212) executing operations 303, 305 or Fig. 3.

[0037]0 O The stylesheet embodiment of Fig. 5 represents one approach to genera
ting the structural framework of an initial XML document.d As is known to those

having ordinary skill in the art, many other approaches can be used.d The embodi
ment of Fig. 5 begin by identifiing a root ( / ) element of the input XML docume
nt and designates that element as the "current element”.O All of the "child" el
ements in the "current element™ are processed and the first sibling is identifie
d.Od The first sibling is then processed to generate an XML element containing, a
t least in this embodiment, the following information:
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0 O O Name, here containing the element name of the first siblingd (purchaseOrd
er);

0O O O Attributes (e.g.,orderDate="1999-10-20");

O O 0O Attribute count (i.e., cardinality information for each attribute).O Examp
le, shown here can include:

XSG_attrcount_orderDate="1"

O 00 Also, valueld (i.e., the value of text node elements, if present).d For exa
mple, a value like: XSG_val="Nosferatu - Special Edition (1929)") for item produ
ctName.

O 0O 0O Also, element count (the cardinality information for each element) can be
discerned, here XSG_count="1"_.0 This process can be repeated for all first child
ren until all elements (first children) of the initial XML file are visited.O S
uch a process is one example of a process used to generate structural informatio
n in accordance with one embodiment of the invention.

[0038]0 O As previously alluded to, the structure of the invention includes a d
efault constraint generator.0 Fig. 6 describes a simplified flow diagram 600 ill
ustrating an example mode of operation for one embodiment of a default constrain
t generator (e.g., 214) operating to accomplish operations 311, 313 of Fig. 3.

[0039]0 O The initial XML file is read (Step 601) and a "root element” is gener
ated for the structure (Step 603).0 1In one embodiment, a system parser can be u
sed to generate the root element.d The "child" elements of the input XML file ar
e identified (Step 605).0 Elements are generated to contain constraint informat
ion related to each data item of the initial XML file (Step 607).0 In one embodi
ment, these elements are referred to as <namespaces> elements.d Each data item i
s then associated with a <namespace> data element.d Additionally, each <namespac
e> element is configured to include a <constraint> element (Step 609) that inclu
des constraint information concerning each data item.d The data items of the ini
tial XML file are processed to generate associated constraint information (Step

611).0 Each data item is analyzed to determine a "name"™ which identifies the it
em by name, analyzed to determine "attributes™ which identify attributes of the

data item, and analyzed to determine a "path" that identifies a pathname of the

structure that identifies the pathname for the path of the element in the XML st
ructure where the attribute or element belongs.0 Also, another element can be ¢
reated for the constraint element (Step 613).0 This element can contain "type"

information for the generated element.O In one embodiment, such an element can b
e referred to, for example, as a "datatype" element.d In such case the "type" el
ement comprises a single attribute that is generated (Step 615) and whose value

represents a generated data type from the initial XML file input into the defaul
t constraint generator.d This process can be repeated for each data item in the

initial XML file (step 617) to provide a complete characterization of the data i
tems in the initial XML file an generate a default constraint XML document.

[0040]0 O 1In general, the above process generates three blocks of information f
or use in a default constraint XML file.O First a "namespaces" element can be ge
nerated from the input document.d This element can be modified to change namespa
ce information during generation an XML Schema (e.g., 218).

[0041]10 O For example, having a "namespaces™ element configured as follows:
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O O <namespaces>

O 0O 0O O <namespace value="http://java.sun.com/XML/ns/jaxb"
name="XMLns:jaxbh">

O O </namespace>

0 </namespaces>

[0042]10 O An additional namespace can be easily added by inserting the new name
space inside the "namespaces" element.

[0043]0 O Also, data types can be easily modified in accordance with the princi
ples of the invention.O For example, the following constraint element is initial
ly configured as follows:

O O <constraint type="attr" name="orderDate"™ path="/purchaseOrder">
O 0000 <datatype type="xsd:date">

00000 </datatype>

0O 0O00d</constraint>

[0044]10 O This describes a generated datatype as xsd:date for orderDate based o
n the "1999-10-20" content.

[0045]0 O |If a user desires to change the type for this attribute (datatype) to
be xsd:time during XML Schema generation, then it can be changed, for example,
as follows:

O O <constraint type="attr"™ name="orderDate"™ path="/purchaseOrder">
00000 <datatype type="xsd:time">

O000O0O0 </datatype>

OO </constraint>

[0046]0 O This modified constraint can now be used for generating XML Schema do
cument in accordance with the modified type information.

[0047]0 O Furthermore, additional elements (comments, etc.) can easily be added

in accordance with the principles of the invention.O In one example implementat
ion, the element insertion routine can be used to automatically introduce new el
ements into a schema without having to rewrite the schema by hand.

OO <insert path="/" name="comment_def">

00000 <xsd_element type="xsd:string"” name="comment">
00000 </xsd_ element>

0O 0O 0O</insert>

[0048]0 O For example, the output XML file below is an example of an output def
ault constraint generated using the initial XML file shown above in Table 1.

<?XML version="1.0" encoding="UTF-8"?>
<root>
O O 0O <namespaces>
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00000 <namespace value="http://java.sun.com/XML/ns/jaxb"
name="XMLns:jaxb">

O 0O 0O </namespace>

0 O </namespaces>

<constraints>

0 <constraint type="attr" name="orderDate" path="/purchaseOrder">
0 O 0O <datatype type="xsd:date">

0 0O 0O </datatype>

0 </constraint>

0 <constraint type="elem” name="productName"
path="/purchaseOrder/items/item/productName">
000000 <datatype type="xsd:string">
O0000O0</datatype>

O00003d </constraint>

0000 <constraint type="elem”™ name="quantity"”
path="/purchaseOrder/items/item/quantity">
00000 <datatype type="xsd:integer">
00000 </datatype>

OO0 </constraint>

0 OO <constraint type="elem" name="USPrice"
path="/purchaseOrder/items/item/USPrice">
0000000 <datatype type="xsd:decimal">
0000 </datatype>

0 </constraint>

</constraints>

<inserts>

0O O <insert path="/" name="comment_def">
0000 <xsd_element type="xsd:string" name="comment">
0000 </xsd_element>

00O </insert>

O </inserts>

</root>

OooooooQgoao
Oooooooogod
Oooooooogod

[0049]0 O Fig. 7 describes one embodiment of, for example, an XSLT style sheet
that can be used to execute the process illustrated in Fig. 4 or the operate the
default constraint generator (e.g., 214) operating to accomplish operations 311
, 313 of Fig. 3.

[0050]0 O The following discussion describes a merger (e.g., 216) and an associ
ated mode of operation.O In general, a merger reads an input set of default cons
traint information (e.g., 2140) and an input set of externally supplied constrai
nts (e.g., 219) and generates one of a merged set of constraints.d Alternatively
, the merger can select the default set of constraints or the externally supplie
d set of constraints for output to a schema generator (e.g., 218).0 1In one impl
ementation, the externally supplied constraints provide the primary constraint i
nformation with the default constraint information providing ancillary informati
on.

[0051]0 O Fig. 8 describes a simplified flow diagram illustrating an example mo
de of operation for one embodiment of an XML schema generator (e.g., 218) operat
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[0052]0 O The following is a brief simplified description of schema generation

in accordance with the principles of the invention, for example, using a schema

generator (e.g., 218).0 The generated data framework 2120 (e.g., in the form of

an XML file) is received from the structural analyzer 212 (Step 801).0 At the s
ame time, or at a different time, the final data constraint file (e.g., in the f
orm of an XML file) can be received from the merger 216 (Step 803).0 The two fil
es are read (Step 805) and a "root element"” is generated for a schema (xsd file)
O (Step 807).0 Each of the elements and associated child elements are identifie
d (Step 809).0 Each element (and child element) is processed to generate an XML

element (or element set) that contains an associated set of elements (Step 811)

to define an associate xsd element.O O If child elements contain further childre
n (not siblings), such elements are "complex elements" and processed as such.O F
or example, an xsd element is generated identifying the element having children

as type complex elements (e.g., "xsd:complexType”).O O A fully constructed xsd (
schema) file is then generated (Step 813).

[0053]0 O Such processing (Step 811) typically involves scanning each element (
and child element) to define and generate an XML schema element.

[0054]0 O 1In a typical implementation, generating for example a complex element
an accompanying "complexType"™ set (including a type declaration and complexType
definition) is generated.d In illustrative example the complex set of elements

can include a declaration:

O O <xsd:element name="purchaseOrder"” type="_purchaseOrder"/>
and can include a complexType definition:

OO0 <xsd:complexType name="_purchaseOrder">
000000 <xsd:sequence>
O0000O0D0O0O0O0O0O<xsd:element name="items" type=
a

a

_items"/>

00000 </xsd:sequence>

00000 <xsd:attribute name="orderDate" type="xsd:date" use="required"/>
</xsd:complexType>

[0055]0 0 1In a simple element, a corresponding simple XML schema can be generat
ed.d O In the following example (having child count = 0) a declaration is define
d.O For example, <xsd:element name="productName" type="XYZ"/> where XYZ - could
be of type (e.g., string; integer; decimal; boolean; date; time; etc.).O Wherein
"XYZ"™ is selected from an externally provided constraint document or from a gen
erated default constraint XML document.Od A preference can be given to the exter
nally provided constraint XML document types if they have been supplied.d Additi
onally, if the element includes attributes, it can be configured, for example as
follows:

O 0O <xs:element name="item">

000 0d<xs:complexType>

O0O0O00<xs:attribute name="partNum"™ type="xs:string"/>
O 000</xs:complexType>

OO0 </xs:element>0O
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[0056]0 O It should be noted, that the examples provided above are intended as
simplified examples used to illustrate certain principles of the invention.O As
such they are not intended to confine the scope or implementations of the invent
ion.0 As is known to those having ordinary skill in the art, many other related
implementation details can be implemented to accomplish the embodiments of the i
nvention.

[0057]0 O One example of a fully operative embodiment for accomplishing such sc
hema generation is depicted by the stylesheet of Fig. 9.

[0058]0 O It should be noted that all the processes, methods, and systems descr
ibed herein can be implemented in many different kinds of tools.O Examples, incl
ude but are not limited to command-line tools and servlets.O Also, the principle
s of the invention can be applied to ANT assembly language programming (e.g., An
t 3.0.1) and other build tools.O Also, the inventor contemplates the application
of the principles of the present invention to JAVA Studio IDE NBM modules.O The
processes described herein are well suited to implementation in computer readab
le medium implementations.O Also, the principles of the present invention are we
Il suited to network based computer systems.O For example, an XML document on on
e computer provided over the internet to a remote computer can be converted to a
n XML schema on the remote computer for remote use or for return and use on the

sending computer.

[0059]0 O Figs. 10A and 10B illustrate an example of a multi-processor computer
system 1000 that may be used in accordance with the invention.O Fig. 10A shows
a computer system 1000 that includes a display 1002, screen 1004, cabinet 1006,
keyboard 1010, and mouse 1012.0 Mouse 1012 may have one or more buttons for inte
racting with a graphical user interface.d Cabinet 1006 can house a CD-ROM drive
1008, system memory and a hard drive (see Fig. 10B) which may be utilized to sto
re and retrieve software programs incorporating computer code that implements th
e invention, data for use with the invention, and the like.O Although CD-ROM 100
8 is shown as an exemplary computer readable storage medium, other computer read
able storage media including floppy disk, DVD, tape, memory sticks, flash memory
, system memory, and hard drive may be utilized.O Additionally, a data signal em
bodied in a carrier wave (e.g., in a network including the Internet) may be the
computer readable storage medium.O In one implementation, an operating system fo
r the computer system 1000 is provided in the system memory, the hard drive, the
CD-ROM 1008 or other computer readable storage medium and serves to incorporate
the computer code that implements the invention (e.g., MMU system).O It is to b
e remembered that the operating system is configured so it controls all of the p
rocessors of the system.O It should be noted that other devices (e.g., printers,
scanners, etc.) may be present in the computer system 1000.

[0060]0 O Fig. 10B shows a system block diagram of computer system 1000 used to
execute the software of an embodiment of the invention.O The computer system 10
00 includes monitor 1004, keyboard 1010, and mouse 1012.0 Computer system 1000 f
urther includes subsystems, such as a plurality of central processors (CPU"s) 10
22 (including cache memory resources), system memory 1024, fixed storage 1026 (e
.g., hard drive), removable storage 1014 (e.g., CD-ROM drive), display adapter,
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sound card and speakers 1030, and network interface 1040.0 The central processor
s 1051, for example, can execute computer program code (e.g., an operating syste
m) to implement the invention.O An operating system is normally (but not necessa
rily) resident in the system memory 1024 during its execution. Other computer s
ystems suitable for use with the invention may include additional or fewer subsy
stems.O Importantly, the principles of the invention can specifically be implenm
ented on networked computer systems having many individual computers.d Such netw
orked systems can include local area networks (LAN®"sS) or a wide area network (WA
N*s).O Particularly, the inventors contemplate computer systems networked togeth
er using the Internet.Od Additionally, an example of a LAN is a private network

used by a mid-sized company with a building complex.O Publicly accessible WAN"s

include the Internet, cellular telephone network, satellite systems and plain-ol
d-telephone systems (POTS).0O Examples of private WAN"s include those used by mul
ti-national corporations for their internal information system needs.d The netwo
rk may also be a combination of private and/or public LANs and/or WANs.

[0061]0 O The system bus architecture of computer system 1000 is represented by
arrows 1020.0 However, these arrows are illustrative of any interconnection sch
eme serving to link the subsystems.O For example, a local bus could be utilized
to connect the central processor to the system memory and display adapter.d Comp
uter system 1000 shown in Fig. 10B is but an example of a computer system suitab
le for use with the invention.O Other computer architectures having different co
nfigurations of subsystems may also be utilized.

[0062]0 O The invention can use a combination of hardware and software componen
ts.O The software can be embodied as computer readable code (or computer program
code) on a computer readable medium.O The computer readable medium is any data
storage device that can store data which can thereafter be read by a computer sy
stem.Od Examples of the computer readable medium include read-only memory, random
-access memory, CD-ROMs, magnetic tape, and optical data storage devices.d The ¢
omputer readable medium can also be distributed over a network coupled computer
systems so that the computer readable code is stored and executed in a distribut

ed fashion.

[0063]0 O The advantages of the invention are numerous.l Different embodiments

or implementations may have one or more of the following advantages.d One advant
age of the invention is that it can be used in a networked computing environment
, to include, but not limited to a web-based network.O XML documents can be remo
tely accessed to generate schema.d Additionally, the components of the inventive
system can be operated in a distributed fashion if desired.d For example, an XM
L structure analyzer can be located on one computer and a default constraint gen
erator can be located on another networked computer.d In another implementation,
an XML documents can be provided from one networked computer to a complete modu
le located on yet another networked computer.

[0064]0 O The many features and advantages of the present invention are apparen
t from the written description, and thus, it is intended by the appended claims
to cover all such features and advantages of the invention.O Further, since nume
rous modifications and changes will readily occur to those skilled in the art, i
t is not desired to limit the invention to the exact construction and operation
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as illustrated and described.d Hence, all suitable modifications and equivalents
may be resorted to as falling within the scope of the invention.

3. BRIEF DESCRIPTION OF THE DRAWINGS

OO Fig. 1 is a simplified block diagram illustrating an example application pr
ogram suitable for executing an XML schema generated in accordance with the prin
ciples of the invention.

OO0 Fig. 2 is a simplified block diagram depicting one implementation of a syst
em embodiment for automatically generating schema in accordance with the princip
les of the invention.O

OO Fig. 3 is a flow diagram that describes one method embodiment of the invent
ion.

O 0O Fig. 4 is a flow diagram that describes one method embodiment for analyzing
the structure of an XML file in accordance with one embodiment of the present i
nvention.

OO0 Fig. 5.1-5.2 depicts a method embodiment enabling a structure analyzer impl
emented as an XSLT spreadsheet in accordance with the principles of the inventio
n.d

OO Fig. 6 is a flow diagram that describes one method embodiment for generatin
g a set of default constraints from an initial XML document in accordance with o
ne embodiment of the present invention.

00 Fig. 7.1-7.3 depicts a method embodiment enabling default constraint genera
tion implemented as an XSLT spreadsheet in accordance with the principles of the
invention.

O O Fig. 8 describes a simplified flow diagram illustrating an example mode of
operation for one embodiment of XML schema generation in accordance with the pri
nciples of the invention.

00O Fig. 9.1-9.5 depicts a method embodiment enabling XML schema generation imp
lemented as an XSLT spreadsheet in accordance with the principles of the inventi

on. U

O O Figs. 10A and 10B illustrate an example of a computer system that may be us
ed in accordance with the invention.

O Claim 1. O A method generating XML schema comprising:

O providing an initial XML document that includes raw XML data comprising data i

tems arranged in XML data elements;

0 analyzing the XML document to identify XML data structures;

O generating a data framework that corresponds to the format of the data structu
res in the XML document;

0 analyzing the data items from the initial XML document;

O determining data constraints based on the data items;

0 generating an XML schema based on the data framework generated and the data co
nstraints determined from the raw XML data.

O Claim 2.0 The method of Claim 1 wherein determining the data constraints based
on the data items includes determining type constraints based on the types of t
he data items in the initial XML document.

O Claim 3.0 The method of Claim 1 wherein determining the data constraints based
on the data items includes determining attribute constraints based on the attri
butes of the data items in the initial XML document.
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O Claim 4.0 The method of Claim 1 wherein the method can be implemented to chang
e namespaces for an XML schema.O

O Claim 5.0 The method of Claim 1 wherein the method can be implemented to chang
data types for an XML schema.O

O Claim 6.0 The method of Claim 1 wherein the method can be implemented to add o
r remove data elements from an XML schema.O

O Claim 7.0 The method of Claim 1 wherein determining data constraints includes
receiving externally supplied data constraints and

O wherein generating the schema further includes using one of: (i) the data cons
traints determined from the data in the initial XML document or (ii) using the e
xternally supplied data constraints to generate the XML schema.

O Claim 8.0 The method of Claim 1 wherein determining data constraints includes
receiving externally supplied data constraints and

O wherein generating the schema further includes using at least one of: (i) the
data constraints determined from the data in the initial XML document and (ii) u
sing the externally supplied data constraints to generate the XML schema.

O Claim 9.0 The method of Claim 1 wherein determining data constraints includes

receiving externally supplied data constraints and

O wherein generating the schema further includes merging portions of the data co
nstraints determined from the data in the initial XML document and portions of t
he externally supplied data constraints.

O Claim 10. O A computer program product embodied on a computer readable media i
ncluding computer program code for generating XML schema, the computer program p
roduct including:

O computer program code instructions for receiving an initial XML document that
that includes raw XML data comprising data items arranged in XML data structures
O computer program code instructions for analyzing the XML document to identify
the XML data structures;

O computer program code instructions for generating a data framework associated
with the format of the data structures in the XML document;

O computer program code instructions for analyzing the data items from the initi
al XML document and determining XML data constraints based on the data items;O
and

O computer program code instructions for generating an XML schema based on the d
ata framework generated and the XML data constraints determined from the data it
ems.

O Claim 11.0 The method of Claim 10 wherein the computer program code instructio
ns for determining data constraints includes receiving externally supplied data
constraints and

O wherein the computer program code instructions for generating the schema furth
er includes using one of: (i) the data constraints determined from the data item
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s in the initial XML document or (ii) using the externally supplied data constra
ints to generate the XML schema.

O Claim 12.0 The method of Claim 10 wherein the computer program code instructio
ns for determining data constraints includes computer program code instructions
for receiving externally supplied data constraints and

O further computer program code instructions for using at least one of: (i) the
data constraints determined from the data in the initial XML document and (ii) u
sing the externally supplied data constraints to generate the XML schema.

O Claim 13.0 The method of Claim 10 wherein the computer program code instructio
ns for determining data constraints includes computer program code instructions
for receiving externally supplied data constraints and

O wherein the computer program code instructions for generating the schema furth
er includes instructions for merging portions of the data constraints determined
from the data in the initial XML document and portions of the externally suppli
ed data constraints.

O Claim 14.0 A computer system comprising:

O at least one central processing unit (CPU), memory, and user interface in comb
ination configured to include:

O XML structure analyzer for analyzing a received initial XML document that incl

udes raw XML data comprising data items arranged in XML data elements, wherein s

aid analyzing includes identifying the XML data elements of the initial XML docu

ment and generating a data framework associated with a data structure for the XM

L data elements of the initial XML document;

O default constraint generator for analyzing the raw XML data from the initial X

ML document and determining XML data constraints for data items based on the XML
raw data;

0 data constraint merger for receiving at least one of the XML data constraints

from the data constraint generator and a set of externally supplied data constra
ints and for outputting a final data constraint file;O and

0 XML schema generator for receiving the data structures from the XML structure

analyzer and final data constraint file from the data constraint merger and gene
rating an XML schema associated with said data structures and final data constra
int file.

O Claim 15.0 The computer system of Claim 14 wherein the data constraint merger

receives both the XML data constraints from the data constraint generator and th
e set of externally supplied data constraints and merges both sets of data const
raints into the final data constraint file.

O Claim 16.0 The computer system of Claim 14 wherein the data constraint merger

receives both the XML data constraints from the data constraint generator and th
e set of externally supplied data constraints and selects one of the XML data co
nstraints from the data constraint generator and the set of externally supplied

data constraints for output as the final data constraint file.

O Claim 17.0 A computer module for automatically generating XML schema, the mod
ule comprising:
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O XML structure analyzer for analyzing a received initial XML document that incl
udes raw XML data comprising data items arranged in XML data elements, wherein s
aid analyzing includes identifying the XML data elements of the initial XML docu
ment and generating a data framework associated with a data structure for the XM
L data elements of the initial XML document;
O default constraint generator for analyzing the raw XML data from the initial X
ML document and determining XML data constraints for data items based on the XML
raw data;
0 data constraint merger for receiving at least one of the XML data constraints
from the data constraint generator and a set of externally supplied data constra
ints and for outputting a final data constraint file;O and
0 XML schema generator for receiving the data structures from the XML structure
analyzer and final data constraint file from the data constraint merger and gene
rating an XML schema associated with said data structures and final data constra
int file.

O Claim 18.0 The computer module of Claim 17 wherein the data constraint merger

receives both the XML data constraints from the data constraint generator and th
e set of externally supplied data constraints and merges both sets of data const
raints into the final data constraint file.

O Claim 19.0 The computer module of Claim 17 wherein the data constraint merger

receives both the XML data constraints from the data constraint generator and th
e set of externally supplied data constraints and selects one of the XML data co
nstraints from the data constraint generator and the set of externally supplied

data constraints for output as the final data constraint file.

O Claim 20.0 A computer module for automatically generating XML schema, the mod
ule comprising:
O XML structure analyzer for analyzing a received initial XML document that incl
udes raw XML data comprising data items arranged in XML data elements, wherein s
aid analyzing includes identifying the XML data elements of the initial XML docu
ment and generating a data framework associated with a data structure for the XM
L data elements of the initial XML document;
O default constraint generator for analyzing the raw XML data from the initial X
ML document and determining XML data constraints for data items based on the XML
raw data;0O and
O XML schema generator for receiving the data structures from the XML structure
analyzer and default data constraint file from the default constraint generator
and generating therefrom an XML schema associated with said data structures and
final data constraint file.
1. ABSTRACT
O Techniques, systems and apparatus for automatically generating schema using an
initial documents constructed in an XML compatible format are disclosed.Od A me
thod involves providing an initial XML document that and analyzing the XML docum
ent to identify the XML data structures in the document and generating a data fr
amework that corresponds to the data structure of the XML document.d The data it
ems of the initial XML document are analyzed to determine data constraints based
on the data items of the initial XML.O Schema are then generated based on the d
ata framework generated and the data constraints determined from the raw xml dat
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a.d These principles can be implemented as software operating on a computer syst
em, as a computer module, as a computer program product and as a series of relat
ed devices and products.

2. REPRESENTATIVE DRAWING
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<xsl:attribute name="X5G_val"> <xsl:value-of
select=" [11°/></> >

</xskif>

<xsl:attribute name="XSG_count™> <xsl:value-of
select="¢count"/> </xsl:attribute>
<xskcall-template name="process-all-category-children”>
<xsl:with-param name="children" select="¢siblings/*"/>
</xsl:cali-template>

</xsl:element>
</xsl:template>

</xsh:stylesheet>

Fig. 5.2
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Structure Analyzer XML Stylesheet

<xsl:stylesheet xmins:xs|=http://www.w3.0ra/1999/XSL/Transform version="1.0">
<xsh:output method="xm|" indent="yes"/>

<xsl:template match="/">
<xsl:call-template name="process-all-category-children">
<xsh:with-param name="children” select="*"/>
</xsl:calt-template>
</xsl:template>

<xsl:template name="process-all-category-children™>
<xsl:param name="children"/>

<xsl:if test="count{$children) > 0">
<xsi:variable name="first-child® select="local-name($children[1])"/>

<xsl:call-template name="process-llke-siblings™>
<xsh:with-param name="siblings" select="$children[local-name(.) = $first-child]"/>
</xsl:call-template>

<xsl:call-template name="process-all-category-children™>
<xsh:with-param name="chlldren® select="$children[local-name(.) != $first-child]"/>
</xsl:call-template>
</xsk:if>
<fxsl:template>

<{=- Pickup only the first sibling from the set of children for a node-—->
<xsl:template name="process-llke-siblings">
<xsk:param name="siblings"/>

<xsl;variable name="category-name” select="$siblings[1}/@name"/>
<xslvariable name="el-name” select="local-name($siblings[1])"/>

<xshelement name="{$el-name}">

<xsl:for-each select="$slbiings[1)/@*">
<xsl:variable name="attr-name" select="."/>
<xsl:attribute name="{local-name()}"><xsl:value-of select="¢attr-
name"/></xsh:attribute>
<xshattribute name="XSG_attrcount_{local-name()}"><xsl:value-of
select="count($siblings/@*)"/></xsl:attribute>
</xsl:for-each>
<xsl:varlable name="count™
select="count($siblings[1)/../*[local-name() =
focal-name($siblings[11)])"/>
<xsl:variable name="child_count" select="count($siblings/*)"/>

<xsl:If test="¢child_count = 0">

Fig. 5.1

reading the XML file J

1

601
f\ generating root element for the structure
603

1

identifying child elements of the XML file |

}

p elements related to each data
item of the initial XML file

g ing <r p ! its related to each data
' item of the initial XML file
609

l

processing data items to generate constraint information
concerning each data item

811 l

ting <r

OPTIONAL .
generating <datatyp ! t for a traint el it
813 l
“ty) cf)oPTlotNA'; rti to th
eneratin " information for insertion in e
g o p<edatxtatype> element

818 l

repeating process for each data item in the initial XML file

817

/\[ generating a default constraint XML document that includes
]

generated constraint information .

Fig. 6



le Default G XML Style Sheet

> <xsl:stylesheet xmins:xsl="http://www.w3.0rg/ 1999/XSL/Transform"
> xmins:java="http://xml.apache.org/xalan/fava”

> version="1.0">

> <xsl:output method="xm!" Indent="yes"/>

>

> <!-- root node—>

> <xsl:itemplate match="/">

> <root>

>  <namespaces>

> name=" 3

> value="http://java.sun.com/xmi/ns/jaxb"/>
</namespaces>

<constraints>
<xsl:for-each select="+">

<xsl;variable name="el-name" select="local-name(.)"/>
<xsl:variable name="new-path" select="concat('/’, $el-name)"/>

<xsl:variable name="elem-val® select="./@X5G_val"/>
<xsl:if test="string-length($elem-val) > 0*>
<xsl:call-template name="gen4:onmlnt">
<xsl:with-param name="name" select="local-name(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xsl:with-param name="type" select="elem""/>
<xsl:with-param name="val® select="$elem-val"/>
</xsl:call-template>
<[xsl:if>

<xsl:for-each select="./@*">
<I—donotpmosslfnodehasXSGath1buts~>
<xsh:if test="not(oontalns(loal—name( ) 'XSG_)">
<xsl:variable name="attr-val" select=""/>
«<xsl:call-template name="gen-constraint*>
<xs}:with-param name="name" select="local-name{(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xsl:with-param name="type" select=""atts""/>
<xsl:witfi-param name="val" select="¢attr-val"/>
</xshcali-template>
</xshif>
</xslk:for-each>
<xsl:cal-template name="process-all-children">
<xsl:with-param name="children” select="./*"/>
<xsl:with-param name="path" select="$new-path"/>
</xsl:call-template>

VVVVVVVVVVVVVVVVVVYVVVVVVVVVYVVVVVVVVVVY

</xshfor-each>
</constraints>
Fig. 7.1
< name="gen ">

>
>  <xsl:param name="name"/>
> <xsi:param name="path"/>
>  <xsl:param name="type"/>
>  <xslparam name="val"/>
>  <xslvariable name="datatype”> <xs!:value-of
> select="java DalaType getType(Snan'le,WaI)'/></xsl variable>
name=

> <ysl:attribute name="type" ><xsl value-of
> select= "$type"/></xsl:attribute>

<xsl:attribute name="name"> <xsl:value-of
> selea—'$narne"/></>sl attribute>

<xsl:attribute name="path"><xsl:value-of

seled-'spaﬂ'l"/></asl attribute>
<datatype>

<yslatiribute name="type"><xsl:value-of
> seler.t—'$datatype‘/></xsl attribute>

</datatype>
> </xshelement>
>  </xsl:tamplate>

>
> </xsh:stylesheet>

Fig. 7.3
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<inserts>
<Insert name="comment_def* path="/">
<xsd_element name="comment” type="xsd:string"/>

vvyvy

<fInsert>
<finserts>

</root>
</xsl:template>

VVVYVYV

> <1-- process all children -->

> «<xsl:template name="process-ail-children">

>  <xshparam name="chlidren"/>

>  <xsl:param name="path"/>

> <I-- process if node has children—->

>  <xshif test="count{$children) > 0">

> <I-- create a xsd:complexType tag—->

>

> <1-- call template to process other siblings—>

>  <xshfor-each select="¢children">

> «<xs|:variable name="el-name" select="local-name(.)"/>
> <xsi:variable name="new-path" select="concat($path, '/,
> $el-name)"/>

<xsl:variable name="elem-val" select="./@XSG_val"/>
<xsh:if test="string-length($elem-val) > 0">
<xsl:cali-template name="gen-constraint*>
<xshwith-param name="name" select="local-name(.)"/>
<xsl:with-param name="path" select="$new-path"/>
<xsi:with-param name="type" select="" ">
<xsl:with-param name="val" select="$elem-vai"/>
</xsl:call-template>
<fxsl:if>

<xsl:call-template name="process-all-children">
<xsl:with-param name="children" select="./*"/>
<xsl:with-param name="path" select="§new-path"/>
</xsl:call-template>

VVVVVVVVYVYVYVVVYVVVY

</xsl:for-each>

> «<l-- end call template to process other siblings—>
> </xskif>

> <{-- end process If node has children—>

> </xsltemplate>

Fig. 7.2
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>

> <xsl:stylesheet xmins:xsi="http://www.w3.0rg/1 999/XSL/Transform®
> xmins:java="http:/xml.apache /java*

> version="1.0">

> <xsl:output method="xml" indent="yes"/>

> name= int-dl it B>
> <l-- root node—>

> <xskiemplate maich="/">

>

>  <xshelement name="xsd_schema‘>

>  «<xshattribute

> names'xmins_xsd">htto://www.w3.ora/2001/XML Schema</xsk:attribute>
>

> I:variable name=
> select= ize-space($ ). >
>

>  <xslvariable name="xmins_jaxb" select=*$namespaces@name =

> ‘xmins_jaxb}/ @value®/>

> <xslit testa"string-length($xmins_jaxb) > 0">

> <xsk:attribute name="xmins_jaxb"><xsl:value-of

> select="$xmins_jaxb"/></xsl:attribute>

>  <fxskif>

>
S <xslvariable name="xmins_xjc" select="$namespaces[@name =
> 'xmins_xjc) @value'/>

> <xslif test="string-length($xmins_xjc) > 0>

> <xsi:attribute name="xmins_xjc"><xsl:value-of

> select="$xmins_xjc*/></xskattribute>

>  </xstif>

>

»  <xslvariable name="jaxb_version" select="$namespaces[@name =
> 'jaxb_version'y @value”/>

> <xslif test="string-length($jaxb_version) > 0>

> <xgl:attribute name="jaxb_version*><xsk:value-of

> select="§jaxb_version*/></xskattribute>

> </xstif>

>
>  <xslvariable name="jaxb_extensionBindingPrefixes"
> select="$r @ = ‘jaxb_¢ lonBindingPrefixes)/@value®/>
> <xslif test="string-length($jaxb_extensionBindingPrefixes) > [
> <xsl:attribute
> names']axb_extensionBIndIngPreﬂxes'><xsl:vaIue-of
> salect:'S]axb_sxienslonBlndlngPraﬁxes"bdxsl:anribut»
it>

>
>  <xskcopy-of
> select="dc {{ ize-sp $ i ) 'sert{ @path
>="
Fig. 9.1

> </xslcall-template>
> <xsl:copy-of
> select="d lize-space($constraint:
>= $pathy*f>
>  </xskelement>
> <l create for each plexType tag-->
<«xslfor-each select="/@*>
<xskvariable name="attr_name"® select="local-name(.)"/>
<xslvariable name="attr_val* select="."/>
<xsliif test="not(contains($attr_name,'XSG_))">
<xsl:elemant names="xsd_attribute*>
<xsl:attribute name="name"><xsl:value-of
select="$attr_name"/></xskattribute>
<xsl:variable name="attr_type*" select="xsd_date"/>
3 name="att

))rooth /inser @path

VVVVVVVVY

§
§

/i ype=attrT>
i

> : name=' pi
> select="Sattr-constraints[ @ path=string($path)I'/>
thoval®

> names’ pi
> select="$constraint-path/@path"/>

> name=' int-attr-
> select="$§constraint-path/@name"/>

> <xsl:variable name="datatype”

> select"$ P ype/@type"/>

> name=’

> select=' int-p @name"/>

> <xsk:if test="($attr_name = $constraint-attr-name)">

> <xskattribute name="type"><xsl:value-of

> seleci="$datatype'/></xsl.attribute>

> </xskif>

>

> <xsl:if test="$datatype = 'ref"*>

> <xsl:attribute name="type"><xsl:value-of

> select="$dataname’/></xsk:attribute>

> </xstif>

>

>

> <xslif test="not($attr_name = $ th )">
> ibute name="type": of

> select="java:DataType.getType($attr_name,$attr_val)'/></xskattribute>
> </xskif>

>

Fig. 9.3
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>  <xsifor-each select="">

>  <xskelsment name="xsd_element’>

> <xslattribute name="name"><xskvalue-of

> select="local-name(.)"/></xskattribute>

> <xslif test="count(./*) > 0*>

> <gl:atiribute name="type">XSG_<xsl:value-of
> select="local-name(.)"/></xsl:attribute>

</xslit>

>
> <xsl:if test="count(/") = 0">
> «sl:attribute name="type">xsd:string</xsk:attribute>
> </xsliit>
>  </xskelement>
>  </xslfor-each>
>
>  <xslfor-each select=""">
> tevariabl ox="el * select="local ('
> <xsl:variable name="new-path" select="concat(, $el-name)"/>
>  <xslcall name="pl 1 ">
> J:with-param name=" select="/""/>
> <xskwith-param name="path" select="$new-path"/>
>  </xskcalltemplate>
>  </xsifor-each>
>
> l:variable name="attr
> select= li $constraint
)! Qiype='attr}]/>
> l:variable name="attr- ofs*
> gelect="$ath @type="ref]'/>
> ) of select="altr-constrai ts/*"f>
>
> </xsl:element>
>
> </xshtemplate>
>
> <l-- process all children -->
> <xsl: name="p| II-children®>

> <xsl:param name="children®/>

> <xslparam names"path"/>

> <I-- process if node has children-->

>  <xskif tests"count($children) > 0*>

> <l create a xsd:complexType tag-->

> <xsl:element name="xsd_complexType">

>  <xshattribute natpe:‘namesxs&_«slzvalus—of

> select="local [1)..)><

> «<xsl:element name="xsd_sequerce">
> <i~call tate to p like sibling:
> f:call late name="p -like-siblings”>

> <xsl:v;1ith-param name="siblings" select="$children"/>
>  <xstwith-param name="path® select="$path"/>

Fig. 9.2

<xshif test="string-length(‘$attr_val) > 0">

> <«xshattribute name="use">required</xsl:attribute>
> ;i

> </xshelement>

> </xskif>

>  </xstfor-each>

> </xshelement>

> <l end create xsd:complexType tag-->
>

> <I-- call template to process other siblings—->
>  <xslfor-each select="3children">

> i:variable name="al " select="local (.)

>  <xskvariable name="new-path" select="concat($path, '/,
> $el-name)*/>

> «xsl:call names="pr I|-chil ">

> Ewith-pa) name=' select="/*"/>

>  <xskwith-param name="path"’ select="$new-path"/>

>  </xskcall-template>

>  </xslfor-each>

> <I-- ond call template o process other siblings-->

> </xskif>

> <l emi process if node has children-->
> </xsitemplate>

>
> <!-- procass like siblings-—>
> late name="l

e="p iblings”>
> <xskparam name="siblings"/>

>  <xsl:param name="path"/>

> «<xslvariable name="category-name” select="$siblings[1)/@name"’>
» «<i-- create xsd:element tag for each siblings-->

> <xskfor-each select="$siblings">

> -variable name="e} * selecta"local O
>  <xshvariable name="new-path" select="concat($path, '/,
> $el-name)"/>

>  <xskelement name="xsd_element’>

> <xsl:attribute name="name"><xsl:value-of

» select="local-name(.)"/></xsl:attribute>

> <xsl:if test="count(./*) > 0°>

> «slattribute name="type">XSG_<xskvalue-of

> select="local-name{(.)"/></xskattribute>

> <xsl:variable name="count® salect="$siblings{1/@XSG_count"/>
<«xsk:if testa"number($count) > 1*>

>

> <xst:attribute name="minOccurs“>1</xsl:attribute>

> <xskattiibute name="maxOccurs">unbounded</xsl:attribute>
> </xslif>

> </xsl:it>

z N

name="al

Fig. 9.4
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> select=’ P 'o i 7
i ¢ /s i ind ‘elem]"/>
> di ble name=' H-W »—1000
> select="Seler path=string($ path)]"/>
ble name= i th-val"

>
> select="$constraint-path/@path*/> "
Lvariable name=" !

> " 1014
> select="$constraint-path/@name’/> .
>

> <xal:if test="count(/*) = 0">

> <xslif test="$constraint-path-val = $new-path">
> <xskvariable name="datatype"
> select="$ P Qtype"/>
>
> <xslif test="$datatype = "local'">
> <l—-<xslattribute name="type"><xsl:value-of
> select="$ '/ il
> of select="$ int-path, >
> </xskif>
>
> <xsl:it test="starts-with($datatype, 'xsd:’)">
> i name="type": lue-of
> select="$datatype'/></xsl:attribute>
>
> <xsl:variable name="xsg_val" select="/@XSG_val"/>
> <xskif test="not{$consiraint-path-val = $new-path)*> -
> <xsl:attribute name=*"type”><xsl:value-of Flg 1 0 A
> select=']ava:D:i:Type.getTYDG(&Fname,stg_vaI)'bdxsl:aanbute> .
> </xskil
> </xskif>
> </xslit>
> </xgliif> 1000
>  <fxslelement>
> <xstdor-each> / 1022 /1 024 1026 1014
> <l-- end create xsd:element tag for each siblings--> / /

</xgltemplate:
> <hsltemplate> PROCESSOR(S) MEMORY FIXED DIsK| | REMOVABLE
> </xsl:stylesheet> , DISK

1020
< y 4 y >
Fig. 9.5
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