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1 Introduction
1.1 Problem Description
Computer Aided Software Engineering (CASE) tool is a computer based tool, which supports software development process to increase its productivity and decrease probability of development project failure. CASE tool can be for example a compiler or linker, which supports generating software product from source code. Another class of CASE tools does not directly participate on creating a software product. It is for example a planning and estimation tools, which help to estimate costs of software development project and help to manage resources for software development project.
Software development method gives guidelines for software development process. A software development method can be supported by a CASE tool. The purpose of such tool is to cover all information, which has any relationship to the software product. It provides a management of everything from requirements trough application structure to software modules and components. Also it manages relationships between requirements, application structure and components. This model of software product helps understanding relationship between application requirements and application structure and this is useful, when some changes are needed in the product.

Usually a graphical representation is used to present this model, because it is easier to read for people. In past development teams used many visual languages to represent a software product model. Now Unified Modeling Language is standard visual language for this purpose. UML defines how to describe an abstract software artifact. It means that UML is independent from target programming language or environment and it is possible to describe software structure, which can be implemented in any development environment. However, UML defines some extension mechanisms to extend itself. UML can be extended to describe some special details, which are specific for a target language or developing environment.

A part of a software product can be XML Schema or XSLT file. These artifacts should be included in the model too.
1.2 Motivation

When I started this work the XML Schema standard described in [Thompson, Beech, Maloney and Mendelsohn 01] and [Biron and Malhotra 01] was relatively new. There were other standards for defining structure of XML documents, like Document Type Definition (DTD) or XML Data-Reduced schemas (XDR). DTD is a standard for defining a structure of SGML documents. Because XML is a subset of SGML then DTD can be used for defining a structure of XML documents too.

DTD UML Profile extends UML to support modeling of DTD files. It is implemented by DTD Add-In to Rational Rose CASE tool and it supports forward and reverse engineering of DTD files. Modeling of XML Schemas and XSLT files in UML can bring the same advantages as modeling of DTD in UML. These are advantages of modeling XML Schema and XSLT files in UML:

· It is available a traceability of conceptual and business model with XML data model used for XML data storage and/or exchange.

· It is able to describe an integration of XML Schema or XSLT with other software artifacts; for example Java classes, which can provide persistence in XML documents.

· Reverse engineering brings ability to model third-party XML Schema or XSLT, which describes XML data coming from or outgoing to third-party system.

· It is able visual editing of XML Schema and XSLT in UML notation that is well-known language commonly used by software engineers.

1.3 Goals
The goal is to extend UML to support modeling of XML Schemas and XSLT files. It means to create UML profiles for modeling XML Schemas and XSLT files.
Graphical representation of XML Schemas and XSLT files using UML notation is not another alternative to graphical editors of these types of files. So UML notation of XML Schemas and XSLT files is not the graphical notation, which suits the best, bur it should bring advantages mentioned in section 1.2.
The UML profiles should cover as many details of target files as possible, but it should also take into respect, that a model using this UML profile should be easily readable and not very complex. The UML profiles can be interconnected with other UML profiles to represent relationships with other UML artifacts. This work also connects XSLT UML Profile to XSD UML Profile to represent, what is transformed by an XSLT transformation.
This work has the following goals:

· Define an XSD UML profile to model XML Schemas in UML.

· Define an XSLT UML Profile to model XSLT files in UML.
· Develop XSD Rational Rose Add-In that implements XSD UML Profile.
· Implement reverse engineering of XML Schemas as a part of XSD Rational Rose Add-In.
1.4 Previous Work

hyperModel is a tool that can create an XML Schema from an UML model of static structure. It is described in [Carlson part I 01], [Carlson part II 01] and [Carlson part III 01]. This work describes a mapping of standard UML elements to XML schema elements and it defines a simple UML profile to cover some special features of XML Schema, like ordering of elements. This tool generates an XML Schema from an UML model, which contains only standard UML elements without any extensions. Then classes are mapped to complex data types, associations and attributes are mapped to local elements. An author can extend this diagram to specify an order of elements, or to define a simple data type and its facets. This mapping was defined with respect to other schema languages like DTD or SOX Schema. It means that from the same model different types of schemas with the same semantics can be generated. However, the current version of hyperModel supports only XML Schema standard. On the other hand not all features of XML Schema are mapped to UML elements. For example it is not possible to represent in UML different kinds of model groups containing one another. The concept of integrity constraints is neither mentioned in this work. This limitation disallows to reverse engineering an XML Schema. This could become critical if it is needed to model an XML Schema, which is derived from an existing XML Schema. Also it is useful to cover integrity constraints in UML model, because they can be reused in a model of XSLT files as I will describe in this work.
Even XSLT described in [Clark 99] is older standard than XML Schema there have not been published any work dealing with a modeling of XSLT files in UML language.
1.5 Work Overview

Section 2 describes UML standard, XML Schemas and XSLT transformations.

Section 3 describes modeling of XML Schemas. It includes description of XSD UML Profile used to model XML Schemas and mapping of XML Schema components to XSD UML Profile modeling constructs.
Section 4 describes modeling of XSLT files. It includes description of XSLT UML Profile used to model XSLT files and mapping of XSLT elements to XSLT UML Profile modeling constructs. It also describes modeling of XSLT transformation process.
Section 5 describes XSD Rational Rose Add-In that adds ability to model XML Schemas in Rational Rose.
2 Introduction to UML and XML
2.1 Unified Modeling Language

The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and documenting the artifacts of a software-intensive system. The UML offers a standard way to write a system's blueprints, including conceptual things such as business processes and system functions as well as concrete things such as programming language statements, database schemas, and reusable software components. [OMG 03]

Part of UML standard is UML Notation Guide, which defines how elements of UML model are visually represented. UML elements are represented by two-dimensional graphical elements in UML diagrams. Next it is described each type of UML diagram.

2.1.1 Use Case Diagram

A Use case diagrams show actors and use cases together with their relationships. The use cases represent functionality of a system or a classifier, like a subsystem or a class, as manifested to external interactors with the system or the classifier. [OMG 03]
An example of a Use Case diagram is at Figure 2.1. At this diagram a Salesperson actor is assigned to a Place Order use case. This use case includes 3 use cases Supply Customer Data, Order Product and Arrange Payment.
[image: image1.emf]Supply Customer Data

Order Product

Arrange Payment

Salesperson

Place Order

<<include>>

<<include>>

<<include>>


Figure 2.1 An example of a Use Case diagram [OMG 03]
2.1.2 Class Diagram

Class diagrams show the static structure of a model. It is a graph of classifiers and relationships between them. A classifier is the super class of class, data type and interface. A class is a set of objects with similar structure, behavior and relationships. A class has attributes, operations and relationships to other elements. A class is presented by a rectangle with three compartments separated by horizontal lines. The top compartment holds the name of a class and other properties like stereotype. The middle compartment holds a list of attributes and the bottom compartment holds a list of operations. Class diagrams may be organized into packages. The name of a class has scope within the package in which it is declared and the name must be unique (among class names) within its package.
There exists following kinds of relationships between classes:

Binary association is an association among exactly two classifiers (including the possibility of an association from a classifier to itself). It is presented by solid path connecting two classifiers or one classifier connecting with itself. An association name can be attached to this path. A point, where an association is attached to a classifier, is called association end. An association end holds the most information about the association. An association may hold information like:
Multiplicity specifies the range of allowable cardinalities that a set may assume. It is specified in format lower-bound..upper-bound or bounds, if lower bound is equivalent to upper bound.

If an arrow is attached to an association end then it is available to navigate towards a classifier attached to the arrow.

A hollow diamond attached to the end of the path indicates aggregation. It specifies a whole-part relationship between the aggregate (whole) and a component part.
A name string near the end of the path indicates the role played by the class attached to the end of the path near the role name.

A filled diamond attached to the end of the path indicates composition. Composite aggregation is a strong form of aggregation, which requires that a part instance is included in at most one composite at a time and that the composite object has sole responsibility for the disposition of its parts.

N-ary association is an association among three or more classifiers (a single classifier may appear more than once). Each instance of the association is an n-tuple of values from the respective classifier. A binary association is a special case with its own notation. An n-ary association is shown as a large diamond (that is, large compared to a terminator on a path) with a path from the diamond to each participant class. The name of the association (if any) is shown near the diamond. [OMG 03]

Generalization is the taxonomic relationship between a more general element (the parent) and a more specific element (the child) that is fully consistent with the first element and that adds additional information. Generalization is shown as a solid-line path from the child (the more specific element, such as a subclass) to the parent (the more general element, such as a superclass), with a large hollow triangle at the end of the path where it meets the more general element.
A dependency indicates a semantic relationship between two model elements (or two sets of model elements). It relates the model elements themselves and does not require a set of instances for its meaning. It indicates a situation in which a change to the target element may require a change to the source element in the dependency. A dependency is shown as a dashed arrow between two model elements. The model element at the tail of the arrow (the client) depends on the model element at the arrowhead (the supplier). The arrow may be labeled with an optional stereotype and an optional individual name. [OMG 03]

Realization is a special case of dependency. It is used to specify that a class implements an interface. If an interface is presented by circle then a realization is presented by a path connecting a class and the interface. If an interface is presented by a rectangle with <<interface>> stereotype then a realization is presented by a dashed path with a solid triangular arrowhead near the interface.
A class diagram may contain objects and their relationships. This is useful to present a snapshot of a system with object instances and values of their attributes. An object is presented by the same graphic element as a class with a difference in name label. A name label of an object is underlined and it has format Object name:Class name, where the class name is a name of class, that the object is instance of. Object name can be omitted. A diagram that contains only objects and no classes is called object diagram.
An example of a class diagram is at Figure 2.2. This diagram contains a class Order. This class has attributes dateReceived, isPrepaid, number, which is of string type, and price, which is of type currency. There are two operations defined on this class dispatch and close. An Order consists of one or more Order Lines. A Product is assigned to each Order Line. An Order Line contains information about quantity, price and isSatisfied attribute is set to true if the assigned product is in stock. A Customer is assigned to each Order. Corporate Customer and Personal Customer are specialization of the Customer class. A Personal Customer is a customer paying by a credit card. A Corporate Customer is a customer, who does not need to pay an order immediately, but he or she has a credit arranged and can place orders, until the price of orders reaches his or her creditLimit.
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Figure 2.2 An example of a Class diagram [Fowler and Scott 97]
2.1.3 Statechart Diagram

Statechart diagrams describe possible sequences of states and actions through which the element instances can proceed during its lifetime as a result of reacting to discrete events. A statechart diagram is a graph of states interconnected by arcs, which represents transitions between states.
An example of a Statechart diagram is at Figure 2.3. This diagram shows states of an order. When an order is placed it gets into Checking state. In this state it is checked for each item, if it is in stock. If there exists an item, which is not in stock, then the order gets to Waiting state. In this state the order waits for an event item received. If all items are on stock then the order gets to Dispatching state. In this state the order is dispatched and, when it is delivered, it gets to Delivered state.
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Figure 2.3 An example of a Statechart diagram [Fowler and Scott 97]
2.1.4 Activity Diagram

An activity diagram is a special case of a state diagram in which all (or at least most) of the states are action or subactivity states and in which all (or at least most) of the transitions are triggered by completion of the actions or subactivities in the source states. The entire activity diagram is attached (through the model) to a classifier, such as a use case, or to a package, or to the implementation of an operation. The purpose of this diagram is to focus on flows driven by internal processing (as opposed to external events). [OMG 03]
An example of an Activity diagram is at Figure 2.4. This diagram shows an activity of preparing of a drink. At first it is searched for a beverage. If some coffee is found then a cup of coffee is prepared. If no coffee and some cola is found then the can of cola is drunk. If no cola and no coffee are found then the activity is finished. Preparing of coffee consists of 3 parallel activities Put Coffee in Filter, Add Water to Reservoir and Get Cups. Then coffee is prepared in a coffee machine and poured into the cups.
[image: image4.emf]Find 

Beverage

Put Coffee in 

Filter

Add Water to 

Reservoir

Get Cups

Put Filter in 

Machine

Turn on 

Machine

Brew Coffee

Pour Coffee

Drink

Get Cans of 

Cola

[ found coffee ]

 / coffeePot.turnOn

[ no coffee ]

[ found cola ]

[ no cola ]

light goes out


Figure 2.4 An example of an Activity diagram [OMG 03]
2.1.5 Sequence Diagram

A sequence diagram presents collaboration, which is a set of messages sent in time between classifier roles. A classifier role is an instance of a classifier, which has a role in collaboration. A sequence diagram has two dimensions: the vertical dimension represents time, and the horizontal dimension represents different instances. Normally time proceeds down the page. A lifetime of classifier roles is presented by vertical bars placed in the time dimension. Messages sent between classifier roles are presented by arcs connecting lifetime bars.
An example of a sequence diagram is at Figure 2.5. This diagram shows a collaboration between caller, exchange and receiver, when the caller places a call to a receiver. At first a caller lifts up a phone receiver and waits for dial tone. Then the caller dials phone number of the receiver. The call is routed to the receiver. Receiver’s phone is ringing and the caller can hear a ringing tone. When the receiver answers the phone, the ringing of phone stops and then the ringing tone stops.
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Figure 2.5 An example of a sequence diagram
2.1.6 Collaboration Diagram

A collaboration diagram presents classifier roles and their relationships in collaboration. A collaboration diagram may additionally presents messages sent between classifier roles. Unlike sequence diagram, there is not time dimension in a collaboration diagram. Order of messages is specified by their numbers.
An example of a collaboration diagram is at Figure 2.6. This diagram shows a collaboration, when an order is placed. At first the order is prepared and it is checked, if the product is in stock, for Macallan line order line. If the product is not in the stock then it is reordered. If the product is in the stock then it is removed from the stock and delivered to customer.
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Figure 2.6 An example of a collaboration diagram
2.1.7 Component Diagram

A component diagram shows the dependencies among software components, including the classifiers that specify them (for example, implementation classes) and the artifacts that implement them; such as, source code files, binary code files, executable files, scripts. A component diagram is a graph of components connected by dependency relationships. Components may also be connected to components by physical containment representing composition relationships. [OMG 03]
2.1.8 Deployment Diagram

Deployment diagrams show the configuration of run-time processing elements and the software components, processes, and objects that execute on them. Software component instances represent run-time manifestations of software code units. Components that do not exist as run-time entities (because they have been compiled away) do not appear on these diagrams, they should be shown on component diagrams. A deployment diagram is a graph of nodes connected by communication associations. Nodes may contain component instances. This indicates that the component runs or executes on the node. Components may contain instances of classifiers, which indicate that the instance resides on the component. [OMG 03]

2.1.9 UML Extension Mechanisms

UML standard defines general modeling elements (like class, actor, state, message), which are also called UML elements. These elements can be extended to describe a model more precisely. There are following extension mechanisms in UML.
A constraint is a semantic relationship among model elements that specifies conditions and propositions that must be maintained as true; otherwise, the system described by the model is invalid (with consequences that are outside the scope of UML). [OMG 03] A constraint is shown as a text string in braces ( { } ).
A comment is a text string (including references to human-readable documents) attached directly to a model element. A comment can attach arbitrary textual information to any model element of presumed general importance but it has no semantic force. Comments may be used for explaining the reasons for decisions, among other things. [OMG 03] A comment is shown as a text string (not enclosed in braces) within a note icon.
An example of comment and constraint is at Figure 2.7. At this figure a comment is attached to a Company class saying that it represents an incorporated entity. A constraint is attached to associations: worker – boss and employee – employer. This constraint says that a person has the same employer as his or her boss.
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Figure 2.7 A company class with comment and a Person class with constraint
Tagged values extend set of properties of an entity. It is presented by comma-delimited sequence of property specifications inside a pair of braces ( { } ). The property specification is a pair keyword = value, where keyword is the name of property and value is a string that denotes its value. For properties of Boolean data-type the value string is omitted and the value is stated as true. The sequence is written inside a graphical element representing a model element. All diagrams in this document, however, are created in Rational Rose and it does not support this notation. Rational Rose manages tagged values in different manner and does not display them in diagrams. So in this document all tagged values are displayed in notes attached to an UML element. Tagged values of an UML attribute are written in a note attached to an UML class, which is parent of the attribute. However, the keyword has the following format: AttributeName.PropertyName.
An example of tagged values is at Figure 2.8. This figure shows that a Person class has two properties. It is abstract and it is stored in “persons” SQL database table.
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Figure 2.8 A Person class with Boolean and string tagged values
A stereotype is a new class of metamodel element that is presented at modeling time. A class of metamodel is a set of model elements with similar properties. For example MetaAssociation is a class of all association modeling elements. A stereotype represents a subclass of an existing metamodel element with the same form (attributes and relationships) but with a different intent. A stereotyped element may have additional constraints on it from the base metamodel class. It may also have required tagged values that add information needed by elements with the stereotype.
A stereotype is presented by its specific symbol that represents a stereotyped element. Another way to present a stereotype is to put a stereotype name enclosed in quillements
 above the graphical element.
An example of stereotyped classes is at Figure 2.9. This figure shows 2 classes PenTracker and PenTracker2. Both classes have the same <<control>> stereotype. PenTracker shows the stereotype as a label and PenTracker2 shows a stereotype as an icon.
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Figure 2.9 A controller classes PenTracker2 represented by symbol and PenTracker represented by class symbol with stereotype label
A set of UML extension is called UML Profile. UML Profile is defined in metamodel. It means that it defines new classes of modeling elements, their attributes and relationships. One of the goals of this work is to create UML Profile for modeling XML Schemas and XSLT files.
2.2 Extended Markup Language
Extended Markup Language is document description language. XML was created by W3C consortium from Standard Generalized Markup Language (SGML) and it is simpler version of SGML, so XML document parser is easier to implement than SGML parser. XML standard defines only syntax of XML document and not semantic of data in XML document. XML document contains data in hierarchical structure. This hierarchical structure is tree of XML nodes with only one root XML node. There exist following types of XML nodes:
· Document is root node of XML content tree. It must contain prolog and the one and only element node called document element. Prolog contains information about XML version, character encoding and other useful information for XML parser.

· Element is named node, that can contain other elements, text nodes and attributes. Element is written as start tag and end tag. Child elements and text nodes are written between these tags. If an element doesn’t contain any child elements or text nodes then it can be written as only one tag in shortcut way. An element can contain more child elements with the same name. Child elements and text nodes are read in order as they are written in document.
· Attribute is named node that must contain one text node. Attribute is written inside start tag or empty tag. Attributes can be read in any order and no information can be stored in an order of attributes.
· Text node contains only text information and cannot contain other nodes. Special characters, which are used for writing elements, are represented by entity references, which are written as special sequence of characters.
· Comment is like text node, but text inside comment is not parsed by parser. Because comments are not checked by parser, they are not useful for storing application contents.

Here is example of XML document with description of XML nodes.

<?xml version="1.0" encoding="UTF-8"?>
This is a prolog of XML document
<!—- created on 23.2.2003 -->
This is a comment

<contact>



This is a start tag of contact element. This element contains 3 child elements.

<name first=”Peter” last=”Novak”/>
This is name element without child elements nor text nodes. This element contains two attributes first and last.

<street>Wall Street</street>
This element contains only text node.

<city>New York</city>

</contact>



This is an end tag of contact element.
2.2.1 Namespaces
Namespaces are used to distinguish elements or attributes with the same name. An element name can be qualified to XML namespace by writing namespace prefix. Namespaces are declared in XML document by attributes with xmlns prefix. Value of an attribute declaring an XML namespace is Uniform Resource Identifier (URI) that is a unique value. For example URI can be URL to XML Schema of a document. Elements or attributes without namespace prefix are qualified to default XML namespace. Default XML namespace is declared by xmlns attribute.
Here is example of XML document using namespaces.

<contact-list xmlns=”http://acme.com/contactlist.xsd” xmlns:p=”http://acme.com/person.xsd” xmlns:c=”http://acme.com/company.xsd”>


<p:person>



<p:name>Peter Novak</p:name>


</p:person>


<c:company>



<c:name>ACME Inc.</c:name>

</c:company>

</contact-list>

In previous document there are declared 3 namespaces: http://acme.com/contactlist.xsd (the default namespace), http://acme.com/person.xsd and http://acme.com/company.xsd. contact-list element is qualified to the default namespace, person element is qualified to person namespace and company element is qualified to company namespace. The name elements differ in that the first one is the name of person and the second one is the name of company. This is stated by different namespaces of these elements.

2.3 XPath

The primary purpose of XPath is to address parts of an XML document. In support of this primary purpose, it also provides basic facilities for manipulation of strings, numbers and booleans. [Clark and DeRose 99]
An XPath is a context sensitive expression. It means that it is evaluated on an XML node and one of the followings is the result:
· Node-set is a set of XML nodes.

· String

· Number

· Boolean

An XPath can be either relative or absolute. Relative XPath is evaluated on a specified node. Absolute XPath is always evaluated on a root node. An absolute XPath starts with slash character followed by a relative XPath. A relative XPath consists of location steps divided by slash character. A location step has three parts:

· an axis, which specifies the tree relationship between the nodes selected by the location step and the context node,

· a node test, which specifies the node type and expanded-name of the nodes selected by the location step, and

· zero or more predicates, which use arbitrary expressions to further refine the set of nodes selected by the location step.

The syntax for a location step is the axis name and node test separated by a double colon, followed by zero or more expressions each in square brackets. For example, in child::para[position()=1], child is the name of the axis, para is the node test and [position()=1] is a predicate. [Clark and DeRose 99]
An example of axis is child, parent, sibling, descendant or attribute. A node test can be a name of element or attribute (depends on queried axis) or it can be a node type test. For example text() node type test returns XML text nodes of an element.
There is also defined an abbreviated syntax of this relative XPath syntax. Here are few examples:
	para
	selects the para element children of the context node

	*
	selects all element children of the context node

	text()
	selects all text node children of the context node

	@name
	selects the name attribute of the context node

	@*
	selects all the attributes of the context node

	.
	selects the context node

	..
	selects the parent of the context node

	para[@type="warning"]
	selects all para children of the context node that have a type attribute with value warning


[Clark and DeRose 99]

2.4 XML Schema
XML Schema defines a class of XML documents. An XML document, which conforms to XML Schema, is called “instance document”. When an instance document is parsed by XML parser, it is verified if it conforms the syntax of XML standard. Then it is validated against XML Schema. An XML Schema restricts an instance document to contain only defined elements or attributes and to define allowed values of elements and attributes.
XML Schema consists of schema components. Schema component can be for example element declaration, attribute declaration or data type definition. Schema components can be either private or public.

Private schema components are declared directly inside another schema component that contains the private schema component. Private schema components can’t be contained in other schema component. In the following example element declaration of element named element1 contains its private data type definition.

<xs:element name=“element1”>


<xs:complexType>



...


</xs:complexType>

</xs:element>

Public schema component are declared at XML schema level, it means not inside any other schema component. Every public schema component must have name. To contain public schema component it is necessary to reference it by its name. The following example shows how element declaration of element named element2 can reference public complex data type named type1.

<xs:element name=“element2” type=“type1” />

<xs:complexType name=“type1”>


...

</xs:complexType>

There are the following types of XML Schema components:

· A data type defines a content of an element or attribute. It uses other schema components like attributes or model groups to define content.
· An attribute schema component defines an attribute that can appear in an XML document. It defines for example a data type of an attribute or if it is required or not.

· An attribute group is a set of attributes. A data type can reference rather this set than each attribute respectively.

· An element schema component defines an element that can appear in an XML document. It defines for example a data type of an element or if it can be nil.
· A model group is an ordered multi-set of elements. Multi-set means that an element can appear more than once in a model group. A data type can reference a model group to define what elements can appear in content defined by the data type.
· A constraint schema component defines a global constraint on a set of nodes in XML document. It can specify that each node from the set must have a unique value or the value must be from a set defined by another constraint.

When an instance document is validated against XML Schema, it is searched for public declaration of root element of instance document. Then the content of root element is validated against data type defined in the element declaration.
2.4.1 Data Types

Data type defines an available content of an instance element or an instance attribute. There are two kinds of data types:
· Simple type defines simple textual content without any markup. It defines usually constraints on attribute or element values. It cannot contain any attributes or elements. It defines a set of constraints on strings and information about the values they encode. [Thompson, Beech, Maloney and Mendelsohn 01]
· Complex type defines content of an element including allowed attributes and sub-elements.

Data types are derived from each other. Root of the derivation tree is Ur-Type. This data type represents any XML valid content. All XML schema types are directly or indirectly derived from this data type. There are two kinds of data type derivations.
· Extension: Extended data type defines value space that is superset of value space defined by base data type. For example extended data type can contain more elements than base data type.

· Restriction: Restriction is opposite to extension. Restricted data type defines value space that is subset of value space defined by base data type. For example restricted data type can forbid an optional attribute.
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Figure 2.10 Hierarchy of built-in XML schema data types. [MSXML 01]
Figure 2.10 shows the hierarchy of XML data types defined by W3C also called built-in types. New data types can be derived from these types.
2.5 Extensible Stylesheet Language Transformation

XSLT language is a programming language for writing XML transformations. An XML transformation is a process that takes an XML document from input and put another XML document or a text stream to output.
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Figure 2.11 Possible scenarios of using XSLT [MSXML 01]
Here are some possible scenarios of using XSLT. They are shown at Figure 2.11.

· Conversion of an XML document, which complies with one XML schema, to another document, which complies with another XML schema. For example, if some data are shared between systems, but the systems work with different types of XML documents, then XML documents must be transformed from one type to another.

· Presentation of an XML document on a web. Data from an XML document are transformed to an HTML document. Presentation information is attached to the data from XML document. This HTML document can be presented to a user as a webpage.
· Conversion of an XML document to non XML data. For example a comma separated values text file or an SQL script to import data to SQL database can be created.

An XSLT transformation is performed by an XSLT processor. An XSLT processor is a software component that takes an XSLT file and an XML document as input and transforms the XML document by rules in the XSLT file. An XSLT file is XML document that conforms to W3C XSLT standard. It is a set of rules, which define what data are transformed and what is sent to output. The transformation process consists from four steps:
1. XSLT processor parses the XSLT file and creates Document Object Model from it for fast navigating through structure of XSLT file.

2. XSLT processor does the same process with XML document.

3. XSLT processor browses through nodes in XML document (elements, attributes, etc.) and looks for a rule in XSLT file, which can be applied to a node.

4. If such node and rule is found then XSLT processor transforms the node by template associated with the rule and the result of transformation is sent to output. The template can require processing some sub-nodes by other rules.
This process is shown at Figure 2.12.
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Figure 2.12 XSLT processor generates output from XSLT file and XML document. [MSXML 01]

An XSLT rule consists of match pattern and template.
· Match pattern is an XPath value. It defines which XML nodes can be the rule applied to. The rule can be applied to a node X, if there exists a node Y, which satisfies the following. XSLT processor queries match pattern XPath on the node Y. If node X is in the result then the rule can be applied to node X.

· Template defines output from XSLT processor. A template is applied to a node matched by the match pattern. The content of the node is processed by template and the result is sent to output.
Each node can match more than one match patterns. For example a type attribute in para element can be matched by @type and para/@type XPaths. However, only one rule can be chosen to process a node. In this case a rule is chosen by the following process:
1. All rules with the highest import precedence are chosen. Every XSLT file that imports another XSLT file has higher import precedence than imported XSLT file.

2. If there are still more then one rule selected then rules with the highest priority are chosen. A priority can be assigned by priority attribute. If a priority is not specified then it is assigned by following rules:

· If the pattern contains multiple alternatives separated by “|” character, then it is treated equivalently to a set of template rules, one for each alternative.

· If the pattern has the form of qualified name to query an element or an attribute or it queries processing instruction, then the priority is 0. For example: Person
· If the pattern has a form of wildcard specified by * to query any attribute or element, then the priority is -0.25. For example: @*
· Otherwise, if the pattern consists of just a node test to test if node is element, attribute or text, then the priority is -0.5.

· Otherwise, the priority is 0.5.

3. If there are still more than one rule selected then XSLT processor should signal an error or the latest rule in XSLT file is selected.

2.5.1 Template
A template specifies, what is sent to output when processing an XML node. A template can be any XML valid content. For example it can be a set of elements or simple text value. A template may contain XSLT processing commands. While everything else is directly put on output, XSLT commands are processed by XSLT processor. XSLT commands are XML elements from http://www.w3.org/1999/XSL/Transform namespace. An example of XSLT file follows.
<?xml version="1.0"?>

<xsl:stylesheet 

      xmlns:xsl="http://www.w3.org/1999/XSL/Transform"

      version="1.0">

   <xsl:template match="/hello-world">

       <HTML>

         <HEAD>

           <TITLE></TITLE>

         </HEAD>

         <BODY>

            <H1><xsl:value-of select="greeting"/></H1>

            <xsl:apply-templates select="greeter"/>

         </BODY>

       </HTML>

   </xsl:template>

   <xsl:template match="greeter">

       <DIV>from 

           <I><xsl:value-of select="."/></I>

       </DIV>

   </xsl:template>

</xsl:stylesheet>

This is the example of XSLT file with 2 template rules. First one matches a root hello-world element and second one matches a greeter element. This XSLT file defines an HTML output for a transformed XML document. This is an example of an XML document that can be an input for XSLT processor configured by the XSLT file above.
<?xml version="1.0"?>

<hello-world>

   <greeter>An XSLT Programmer</greeter>

   <greeting>Hello, World!</greeting>

</hello-world>

This is an HTML output generated by an XSLT processor for the XML document above.
<!DOCTYPE html PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN">

<HTML>

  <HEAD>

    <TITLE></TITLE>

  </HEAD>

  <BODY>

    <H1> Hello, World!</H1>

    <DIV>

      <I>An XSLT Programmer</I>

    </DIV>

  </BODY>

</HTML>

Next part of this section describes XSLT commands that may be used in XSLT templates.
2.5.2 Expressions

An expression is an XPath string. Expressions are used by other XSLT commands. A result of an expression is sent to output by the following command.
<xsl:value-of


select = “Expression”


disable-output-escaping = “yes | no”>

</xsl:value-of>

This command evaluates an expression in select attribute and the result of expression is send to output. Attribute disable-output-escaping has the same meaning as for <xsl:text> element. For example the following command put 5 on output.
<xsl:value-of select=”2 + 3” />
2.5.3 Dynamic elements and attributes on output

Elements and attributes are written to output as they are written in a template. However, there can be cases, when output elements should be named regarding to the input. This is called dynamic generation of elements and attributes.

<xsl:attribute


name = “attribute-name”


namespace = “uri-reference”>

</xsl:attribute>

This command generates XML attribute on output. Value of a generated attribute is defined by content of this element.

Name is qualified name of attribute. An expression can be specified in curly braces, so that the name of attribute is dynamically defined. For example {concat('H', @level)}
Namespace defines namespace URI of an attribute on output. If the attribute name has prefix specified then namespace reference is put on output in format xmlns:prefix=”namespace-uri”.

This element can contain other XSLT commands to dynamically generate value of an attribute.

<xsl:element


name = “element-name”


namespace = “uri-reference”


use-attribute-sets = “attribute-sets”>

</xsl:element>

This command generate XML element on output. Content of a generated element is defined by content of this element.

Name is qualified name of an element An expression can be specified in curly braces, so that the name of attribute is dynamically defined. For example {concat('H', @level)}
Namespace defines namespace URI of an element on output. If the element name has prefix specified then namespace reference is put on output in format xmlns:prefix=”namespace-uri”.

Use attribute sets is a list of names of attribute sets. An attribute set is just a set of xsl:attribute commands. Attribute sets are globally defined for whole XSLT file.
For example there is defined heading element with level attribute in XML document. However, in HTML there is a set of <Hx> elements, where x is a number from 1 to 10 and defines the level of heading. This is an example generating a heading element.
<xsl:element name=”{concat('H', @level)}”>

  ...

</xsl:element>

Another kind of XML node is a text-node.

<xsl:text


disable-output-escaping = “yes | no”>

</xsl:text>

This command puts a text inside of this element to output. All white spaces are preserved in output. This element cannot contain any elements.

Disable output escaping: If value is “yes” then a text node generated by this command is without any escape characters. Default value is “no”. For example, the following generates the single character "<".



<xsl:text disable-output-escaping="yes">&lt;</xsl:text>

This can generate not well-formed XML document, because it is allowed to put special XML characters on output.

2.5.4 Expressions

An expression is an XPath string. Expressions are used by other XSLT commands.

<xsl:value-of


select = “Expression”


disable-output-escaping = “yes | no”>

</xsl:value-of>

This command evaluates an expression in select attribute and the result of expression is converted to string and sent to output. Attribute disable-output-escaping has the same meaning as for <xsl:text> element. For example the following command put 5 on output.

<xsl:value-of select=”2 + 3” />

2.5.5 Executing Templates
There are two XSLT commands that execute other templates.

<xsl:apply-templates


select = “expression”


mode = “QName”>

</xsl:apply-template>

This command generates a list of nodes specified by select attribute. Then it is selected a rule matched by match pattern for each XML node in the node list and a template associated with the rule is executed.

Select is an XPath expression that returns an XML node list to process. If this attribute is not specified then all child elements are selected.

Mode restricts to use only templates with mode attribute set to the same value.

If an <xsl:apply-templates> element has a mode attribute, it executes only those template rules from <xsl:template> elements that have a mode attribute with the same value; if an <xsl:apply-templates> element does not have a mode attribute, it executes only those template rules from <xsl:template> elements that do not have a mode attribute.

A node list generated by select expression is processed in order as the nodes are ordered in an XML document. On other way a special order can be specified by sorting the node list using <xsl:sort> command. More about this can be found in XSLT specification.

<xsl:call-template


name = “QName”>

</xsl:call-template>

This command directly calls a template by name. Each template can, but not must, have a name. There is also another difference between apply-template and call-template commands. The current node is not changed for a called template. It means that the called template is applied to the same XML node as the calling template. Simply it looks like if a content of called template is copied and pasted in place of calling template.

2.5.6 Conditional Commands
A conditional command processes its content only if a condition is satisfied. There are two conditional commands.
<xsl:if


test = “Expression”>

</xsl:if>

At first an expression in test attribute is evaluated. The result is regarded as true if one of the following is true:

· If the result is a number then the condition satisfied if the number is non-zero and is not NaN (Not a Number).
· If the result is a string then the condition satisfied if the string is not zero length.
· If the result is a node set then the condition satisfied if the node set is nonempty.
If the condition satisfied then the content of this element is processed and sent to output.

Another command is more sophisticated.

<xsl:choose>


<xsl:when



test = “Expression”>


</xsl:when>


...


<xsl:otherwise>


</xsl:otherwise>

</xsl:choose>

A choose command can have more when blocks and one otherwise block. The test attribute in when element has same meaning as in if element. XSLT processor steps through when block one by one from the top. If it finds a block, which the condition is true for, then it processes the content in that block and sends it to output. If none of the when blocks is executed then the otherwise block is executed, if it is present.

2.5.7 Iterating Command
For-each command is the only command that allows cycles in transformation process.
<xsl:for-each


select = “Expression”>

</xsl:for-each>

For-each command is processed in the following way. At first it is evaluated the expression in select attribute. The result must be a node set. Then the content of <xsl:for-each> element is processed for each node in the node list. However, all expressions in this process are evaluated with base context set to the actually processed node. For example if an XSLT processor loops through each Person element in Persons element, then all expressions inside <xsl:for-each> element are evaluated from Person element, not Persons.

A node list generated by select expression is processed in order as the nodes are ordered in an XML document. On other way a special order can be specified by sorting the node list using <xsl:sort> command. More about this can be found in XSLT specification.

2.5.8 Variables and Parameters
Variables and parameters in XSLT are read-only. It means that once they are set, they can’t be set to another value.
<xsl:variable


name = “QName”


select = “Expression”>

</xsl:variable>

A variable is a name associated with a value. A value can be either a string or a number or a node list. A value can be specified by an expression in select attribute. In this case the value is the result of evaluation of the expression. If select attribute is not set then the value is content of <xsl:variable> or <xsl:param> element. If the content is empty then the value is empty string.

Every variable has its scope of validity. The scope of validity takes DOM tree of XSLT file in consideration. A variable is valid for all descendants of parent element of <xsl:variable> element. For example if a variable is defined in <xsl:for-each> element then it can be used in expressions inside <xsl:for-each> element, but not in its own attributes. The variable can be redefined in a descendant and it has new value valid inside the sub-tree. For example there is <xsl:if> block inside <xsl:for-each> block.

<xsl:for-each select=”Person”>

  <xsl:variable name=”varName” select=”concat(@FirstName, ‘ ‘, @LastName)”/>

  ...

  <xsl:if test=”@Title”>

    <xsl:variable name=”varName” select=”concat(@Title, ‘ ‘, @FirstName, ‘ ‘, @LastName)”/>

    ...

  </xsl:if>

</xsl:for-each>

The value of varName variable is concatenation of first name and last name. However, inside <xsl:if> element varName variable additionally contains a title.
A variables is referenced in an expression by specifying its name with “$” prefix. For example next command outputs a value of varName.

<xsl:value-of select="$varName"/>

The difference between variables and attributes is that variables are used inside a template and parameters are used to pass values from a calling template to a called or applied template.

<xsl:param


name = “QName”


select = “Expression”>

</xsl:param>

This command can appear only as a direct child of an <xsl:template> command. It defines a parameter of a template. It behaves like a variable, but it can be set inside <xsl:apply-templates> or <xsl:call-template> commands using the following command.
<xsl:with-param


name = “QName”


select = “Expression”>

</xsl:with-param>

A value specified inside parameter definition is just a default value used in case, when the parameter is not set by a calling template.
2.5.9 XSLT Commands for Stylesheet
A stylesheet is the root element of an XSLT file. It is a set of template rules. Next it is described each XSLT command that can be used in a stylesheet.
<xsl:import


href = “URI reference”>

</xsl:import>

<xsl:include


href = “URI reference”>

</xsl:include>

These commands imports template rules from another XSLT file specified in href attribute. The difference between including and importing is in priorities of rules. Including is something like a physical including of one file into another. This means that all subelements of <xsl:stylesheet> element in an included XSLT file replace the <xsl:include> command. So included rules have higher import precedence than imported rules. Import precedence takes the main role in calculating a priority of a rule. Import precedence is specified by the following method.
At first an XSLT processor builds an import tree. Root of this tree is the XSLT file used for transformation. If one XSLT file imports another one then the imported XSLT file is child of importing one. Childs in this tree are ordered and the order is specified by the order of <xsl:import> commands in XSLT file. Then the nodes of the tree are numbered in post-order traversal. A node with a higher number assigned has higher import precedence. This means that all nodes have higher import precedence then their children.

For example, assume the following conditions are true. 

XSLT file A imports XSLT files B and C, in that order. 

XSLT file B imports XSLT file D. 

XSLT file C imports XSLT file E. 

The order of import precedence (lowest first) is D, B, E, C, A. [Clark 99]
Another command is <xsl:output>. This command specifies properties of output. Here follows some output properties. More properties can be found in [Clark 99].
Method specifies whether an output is an HTML, XML or text document.
Version specifies a version of an outputted XML document. It is written in the prolog of XML document.

Indent specifies if inner elements are indented by spaces.

A stylesheet can contain variables and parameters the same way as a template. A stylesheet parameter may be set by a process initiating an XSLT process using XSLT processor interface.
2.5.10 Keys

<xsl:key


name = “QName”


match = “Pattern”


use = “Expression” />

<xsl:key> command is used to build a structure for fast finding an XML nodes by some associated values. A key is a triple (key name, XML node, value).
Name attribute specifies a name of the key.

Match pattern specifies which XML nodes are to be used with the key. Match pattern is used the same way as for rules. All XML nodes are tested and keys are created for those, which match the pattern.

Use attribute specifies a value of the key. An expression specified in this attribute is evaluated for each node, which matches the pattern in the match attribute. The result of evaluated expression is used as the key value.

<xsl:key> command is processed by the following method. At first it is created a list of nodes, which match the pattern. Then a value is evaluated by the expression for each node in the list. Then it is created a key for each node in the list. Key name is set to value of name attribute. XML node is the node from the list. Value is a result of evaluation of the expression in use attribute with current context set to the node. The set of created keys is indexed by the values for fast searching.
When it is build a structure of keys then it can be used in expressions. For this purpose there exists a key function.

key(key_name, value)

This function returns a node list containing all nodes, which exists a key with the key name and value for. So this function can be used to fast retrieve of nodes be some associated value. For example key(“person_id_num”, “SB623891”) returns a Person element with IDCardNum set to “SB623891”, if the following key is defined.

For example the following XML document is transformed by an XSLT processor.
<Persons>


<Person IDCardNum=”SC361209”> ... </Person>


<Person IDCardNum=”SB623891“> ... </Person>

</Persons>

There is the following command in XSLT file used for transformation.
<xsl:key name=“person_id_num” match=“Persons/Person” use=“@IDCardNum” />

Then the expression key(“person_id_num”, “SB623891”) returns the second Person element from the XML document.
3 Modeling XML Schema in XSD UML Profile
This section provides detail description of XSD UML Profile and mapping XML Schema components to XSD UML Profile modeling constructs. XSD UML Profile extends UML language to allow modeling of XML Schemas. The following subsections are structured according to different types of XML Schema components and each of them describes the mapping and gives samples of UML modeling.
An XML Schema defines static structure of an instantiated XML document. So class diagram provides appreciate mechanism to present XML Schema in UML. XML Schema components can be directly mapped into UML stereotyped classes including their properties and relationships and vice versa.
3.1 XML Schema

An XML Schema is a software artifact that is part of a final software system. Usually an XML Schema is an XML file accessed by other components. So an XML Schema is represented in XSD UML Profile by a stereotyped component with <<XSDschema>> stereotype.
XML Schema has the following properties:

Attribute form default: Sets default value for the form property of attributes.

Block default: Sets default value for the block property of elements.

Element form default: Sets default value for the form property of elements.

Final default: Sets default value for the final property of elements, simple types and complex types.

Target namespace: Specifies the URI of namespaces, which this schema defines data types for. The same URI is used in XML document, when referencing data types in this XML Schema.

Version: Specifies the version of XML schema specification.

Namespace prefixes: This is a set of binary tuples (namespace prefix, namespace URI). The prefixes are used in XML Schema to reference namespaces in other XML Schemas
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Figure 3.1 Components representing person.xsd and employee.xsd XML Schemas
At Figure 3.1<<XSDschema>> component person.xsd and employee.xsd is shown. Here is a piece of code from the XML Schemas.
person.xsd:

<?xml version="1.0" encoding="utf-8"?>

<xs:schema xmlns="http://tempuri.org/person.xsd" xmlns:xs="http://www.w3.org/2001/XMLSchema" targetNamespace="http://tempuri.org/person.xsd" elementFormDefault="qualified" version="1.0">


...

</xs:schema>

employee.xsd:

<?xml version="1.0" encoding="utf-8"?>

<xs:schema xmlns="http://tempuri.org/employee.xsd" xmlns:p="http://tempuri.org/person.xsd" xmlns:xs="http://www.w3.org/2001/XMLSchema" targetNamespace="http://tempuri.org/employee.xsd" elementFormDefault="qualified">


...
</xs:schema>

XML schema components are represented in XSD UML Profile by stereotyped classes. Private schema components are represented by private classes and public schema components are represented by public classes.
3.2 Simple Data Type
A simple data type is represented in XSD UML Profile by a class with stereotype <<XSDsimpleType>>. A built-in simple data type is represented in XSD UML Profile by a class with two stereotypes: <<XSDsimpleType>> and <<XSDbuiltIn>>. The <<XSDbuiltIn>> specifies that a data type is not defined in XML Schema modeled in UML model, but in W3C standard for XML Schema. An example of built in data type is at Figure 3.2.
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Figure 3.2 Built-in integer data type

Simple types are derived from built-in simple types or from each other. Derivation is represented by generalization in XSD UML Profile. Stereotyped generalization is used to differentiate between different kinds of derivations. Each generalization has <<XSDderivationKind>> stereotype. There exist three kinds of simple type derivations:

· Restriction to define restrictions on base data type. The restriction is defined as a set of facets. This set can extend <<XSDSimpleType>> classes via tagged values. For example for integer data type ranged from 100 to 200 tagged values minInclusive and maxInclusive should be set to 100 and 200. For each facet there is also a boolean tagged value labeled FacetName-fixed to specify, if it is allowed to change this facet in derived types.

An example at Figure 3.3 shows simple data types defining phone number values. GeneralPhoneNumber defines format of general phone number in format +xx (xxx) xxxxxx. It uses pattern facet to apply restriction on string. Pattern facet uses regular expressions language
 to constraint the string values. There are derived two data types from GeneralPhoneNumber. Both use restriction to allow only prefixes of specified GSM operators.
A restriction of a built-in data type can be represented by a class with <<XSDdataTypeName>> stereotype. For example GeneralPhoneNumber data type is a restriction of string simple type and is represented by a <<XSDstring>> class.
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Figure 3.3 An example of restricted data types
This is code of XML Schema at Figure 3.3:
<xs:simpleType name="GeneralPhoneNumber">

  <xs:restriction base="xs:string">

    <xs:maxLength value="30" fixed="true"/>

    <xs:pattern value="\+(\d){2,3} \((\d)*\) (\d)+"/>

  </xs:restriction>

</xs:simpleType>

<xs:simpleType name="EurotelPhoneNumber">

  <xs:restriction base="GeneralPhoneNumber">

    <xs:pattern value="\+421 \((903|904)\) (\d){6}"/>

  </xs:restriction>

</xs:simpleType>

<xs:simpleType name="GlobtelPhoneNumber">

  <xs:restriction base="GeneralPhoneNumber">

    <xs:pattern value="\+421 \((905|907)\) (\d){6}"/>

  </xs:restriction>

</xs:simpleType>

· List to define a data type. Values of this data type are lists of base data type values. The values in a list are separated by space in XML document. List derivation is specified by <<XSDlist>> stereotype. A simple data type can be derived by restriction from a simple data type derived by list. For example minimum and maximum number of values in the list can be specified.

· Union to define data type as union of more base data types. Value space of this data type is union of value spaces of each data type, it is derived from.

An example at Figure 3.4 shows MobilePhoneNumber data type as union of EurotelPhoneNumber and OrangePhoneNumber.
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Figure 3.4 An example of a union data type
This is code of XML Schema at Figure 3.4:
<xs:simpleType name="MobilePhoneNumber">

  <xs:union memberTypes="EurotelPhoneNumber GlobtelPhoneNumber"/>

</xs:simpleType>

Each data type (not only simple) can be derived only from one other data type. The only exception is derivation by union, because it defines derivation from many types. So <<XSDunion>> is the only one allowed multi-generalization.

Simple data type has this property:
Final: This property can be set to restriction, list or union or any combination of these values. If the property is set then it is forbidden to derive a new data type from this one by a selected method.

3.3 Complex Data Type
A complex type defines type of data entities, which can contain other entities. In XML most elements are of a complex type, because they contain attributes or other elements. On other way an element can be of simple type, if it contains only a single value of simple type. For example an element can contain only a text value and no elements nor attributes.

So complex type constraints elements by following restrictions:

· What attributes the element can contain?

· What elements the element can contain? If not then what simple type is the content of element of?

· Can be any text between elements?

As simple types also complex types are derived from each other. There are two different kinds of derivations:

· Restriction defines constraints on the base data type. The set of values defined by a restricted data type is a subset of set defined by base data type. For example a restricted data type can restrict a number of sub-elements or forbid some attributes or restrict the content of sub-elements or attributes.
· Extension defines extensive contents of data type. New attributes or elements can be defined via extension. However, properties of elements that already exist in base data type cannot be changed. Only new elements can be added to extended data type and these appear after all elements in base data type.
Complex data type has the following property:

Abstract: If set to true, then this type cannot be used in a document.

Block: Blocks using of derived data types by extension or restriction instead of this type. In an XML document a content of an element can be of a derived data type. The data type of an instantiated element is specified in a type attribute defined in W3C XML Schema Instance namespace. This property can forbid content of derived data types.
Final: This property can forbid a derivation of new data types by extension or restriction from a data type.

Mixed: If set to true, then a text can appear between child elements.

A complex type can define a simple content or a complex content. A simple content can contain a value specified by a simple data type. Complex type with simple content, however, can extend simple type to contain attributes. Complex types can be derived only by extension from simple types. Complex types can be derived by extension or restriction from a complex type with simple content. If a complex type with simple content is derived by restriction then facet restrictions can be applied to the complex type. Facet restrictions are specified by complex type properties like for simple types.

A simple type can be assigned to a complex type with simple content derived by restriction. In this case facet restrictions are not applied to a complex type, which is the complex type derived from, but they are applied to the assigned simple type. The assigned simple type must be a restriction of simple content of the base complex type. Assigned simple type is represented in UML by <<XSDsimpleContent>> association directed from <<XSDcomplexType>> class to <<XSDsimpeType>> class. The simple type class must be private. An example of an assigned simple type is at Figure 3.5. At Figure 3.5 a ShortcutValue complex type is derived from string simple type. A Department complex type is derived from ShortcutValue and DepartmentName simple type is assigned to it.
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Figure 3.5 DepartmentName simple type is assigned to Department complex type.
This is code for XML Schema at Figure 3.5:

  <xs:complexType name="ShortcutValue">

    <xs:simpleContent>

      <xs:extension base="xs:string">

        <xs:attribute name="shortcut" type="xs:string"/>

      </xs:extension>

    </xs:simpleContent>

  </xs:complexType>

  <xs:complexType name="Department">

    <xs:simpleContent>

      <xs:restriction base="ShortcutValue">

        <xs:simpleType>

          <xs:restriction base="xs:string"/>

        </xs:simpleType>

      </xs:restriction>

    </xs:simpleContent>

  </xs:complexType>

A complex content can contain text and sub-elements. Complex content is defined by model group. A model group defines a set of sub-elements and their order. A reference to model group is represented in XSD UML Profile by <<XSDgroup>> association. This association has the same properties as <<XSDgroup>> association between model groups. A relationship of complex type to a model group is shown at Figure 3.6. A model group reference from a complex type is usually private and thus it is strictly bind to the complex type. In this case the complex type and model group can be represented by only one class with two stereotypes <<XSDcomplexType>> and one of <<XSDall>>, <<XSDsequence>> or <<XSDgroup>>.
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Figure 3.6 Relationships of complex type to other XML Schema components
At Figure 3.6 a complex type is a specialization of attribute group that defines a set of attributes. It means that a complex type inherits all properties and features from attribute group to define a set of attributes. So attributes in complex type are represented in UML the same way as in attribute groups.
3.4 Attribute
An attribute schema component defines attributes in XML element. An attribute schema component (called simply attribute in further text) is represented by <<XSDattribute>> class. A private attribute can be represented by a UML attribute.
An attribute has the following properties:

Default value: It specifies a default value of an attribute. This value is used if an attribute is not present in XML document. If an attribute is represented by an UML attribute then the default value of UML attribute is mapped to default value of the XML Schema attribute.
Fixed: If set to true then every instance of an attribute must be set to value that is equal to default value.

Form: If set to “qualified”, then an attribute must have a namespace prefix. Otherwise if set to “unqualified” then an attribute inherits namespace from its parent.

Use: Can be set to one of these values: optional, required or prohibited. This property sets, whether attribute must have assigned value or it is optional or attribute cannot be present. An attribute can be prohibited in data types derived by restriction.

If an attribute is represented by an UML attribute then the data type of UML attribute is mapped to data type of the XML Schema attribute. For <<XSDattribute>> classes a data type of attribute is represented by a dependency relationship with <<type>> stereotype to a class representing the data type. For example at Figure 3.7 a data type of PhoneNumber attribute is GeneralPhoneNumber simple type.
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Figure 3.7 FirstName and LastName are private attributes and PhoneNumber is public attribute.

This is the code of XML Schema at Figure 3.7:
  <xs:complexType name="Person">

    <xs:sequence/>

    <xs:attribute name="FirstName" type="xs:string"/>

    <xs:attribute name="LastName" type="xs:string"/>

    <xs:attribute ref="PhoneNumber"/>

    <xs:anyAttribute/>

  </xs:complexType>

  <xs:attribute name="PhoneNumber" type="GeneralPhoneNumber"/>

As shown at Figure 3.7 an attribute is referenced from an attribute group by <<XSDattribute>> association. This association has properties default, fixed and use. The meaning of these properties is the same as for attribute classes and they override properties of global attributes.
A wildcard attribute can be used to specify a set of attributes. A wildcard attribute allows including any attribute from a specified namespaces. It is represented by <<XSDanyAttribute>> UML attribute. It has the following properties:
Namespace: An attribute from a specified namespaces is included in an attribute group containing the attribute wildcard.

Process contents: specifies, whether contents must be validated against XML Schema. Available values are “strict” (content is always validated), “lax” (content is validated only if XML Schema is available) or “skip” (content is not validated).

An example of an attribute wildcard in Person complex type is at Figure 3.7

3.5 Attribute Group
An attribute group is a set of attributes. It can reference attributes or other attribute groups. It is represented in XSD UML Profile by <<XSDattributeGroup>> class. An attribute group has no properties. A reference to another attribute group is represented by UML association. At Figure 3.8 it is shown PhoneNumbers attribute group. This is the code of the attribute group:
  <xs:complexType name="Person">

    <xs:sequence/>

    <xs:attribute name="FirstName" type="xs:string"/>

    <xs:attribute name="LastName" type="xs:string"/>

    <xs:attribute ref="PhoneNumber"/>

    <xs:attributeGroup ref="PhoneNumbers"/>

    <xs:anyAttribute/>

  </xs:complexType>

  <xs:attributeGroup name="PhoneNumbers">

    <xs:attribute name="HomePhoneNumber" type="GeneralPhoneNumber"/>

    <xs:attribute name="Mobile" type="MobilePhoneNumber"/>

    <xs:attribute name="WorkPhoneNumber" type="GeneralPhoneNumber"/>

  </xs:attributeGroup>
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Figure 3.8 PhoneNumbers attribute group
3.6 Model Group
A model group is an ordered set of particles. A particle is a reference to model group or element. Direct or indirect reference of a model group to itself is not allowed. A model group can be referenced from a complex type to define complex content. There are three kinds of model groups:
· All: An instance of this group must contain all specified elements in any order. This kind of group can reference only model groups of kind all. Even if elements in this group are unordered, particles in this group are ordered. It is because of easier mapping of particles in restricted data type to particle in base data type to check if the restriction is correct. Restricted data type can contain an all group (to restrict some elements) or a sequence group (to specify an order of elements).
· Sequence: An instance of this group must contain all instantiated particles in specified order. It means that each element particle is mapped to an element and group particle is mapped to a set of elements. The order of elements must be the same as the order of particles. A sequence group can reference another sequence group or a choice group.
· Choice: An instance must contain only one instantiated particle. It means that an element is mapped to an element particle or a set of elements is mapped to a group particle. There cannot be any other elements in an instance of this group. A choice group can reference another choice group or a sequence group.
This is an example of all group:

<xs:group name="NumberOfAnimals">



<xs:all>




<xs:element name="bears" type="xs:nonNegativeInteger" />




<xs:element name="horses" type="xs:nonNegativeInteger" />



</xs:all>


</xs:group>
This is an example of instance document:

<horses>0</horses>  <!-- horses and bears can be switched, because the order is not required -->


<bears>1</bears>

This is an example of sequence and choice groups:


<xs:group name="Person">



<xs:sequence>




<xs:element name="FirstName" type="xs:string" />




<xs:element name="LastName" type="xs:string" />




<xs:choice>





<xs:element name="HomePhone" type="xs:string" />





<xs:element name="WorkPhone" type="xs:string" />




</xs:choice>



</xs:sequence>


</xs:group>

This is an example of instance document:


<FirstName>John</FirstName>  <!-- First name and last name must be in specified order -->


<LastName>Trevor</LastName>


<WorkPhone>0905/238769</WorkPhone>  <!-- Only WorkPhone element was chosen from the choice group -->

A model group is represented in XSD UML Profile by a class with one of the <<XSDall>>, <<XSDsequence>> or <<XSDchoice>> stereotype. Every group has the following properties.

Max occurs: maximum number of times a group can occur. Each group can specify a sequence of itself. This property specifies the maximum occurrences of a group in sequence. Only 0 or 1 values are allowed for all group.
Min occurs: minimum number of occurrences of a group in the sequence.
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Figure 3.9 An example of sequence and choice groups
At Figure 3.9 it is shown DepartmentsGroup sequence group, which references employees elements and PlaceOfDepartment choice group. This is the code of XML Schema at Figure 3.9:
  <xs:group name="DepartmentsGroup">

    <xs:sequence>

      <xs:element ref="Employee" minOccurs="1" maxOccurs="unbounded"/>

      <xs:group ref="PlaceOfDepratment"/>

    </xs:sequence>

  </xs:group>

  <xs:group name="PlaceOfDepratment">

    <xs:choice>

      <xs:element name="CentralBuilding"/>

      <xs:element name="BranchOffice"/>

    </xs:choice>

  </xs:group>
A group particle is represented in XSD UML Profile by <<XSDgroup>> association. Particles in groups are ordered, but graphical elements in UML are not. So it is necessary to specify an order of particles. Each association representing a particle has index property. This property is an integer value and specifies the position of particle. Indexes in one group do not need to be consecutive, but there cannot be two particles in one group with the same index. Index property is shown in place of cardinality near the association end connected to a group that contains a particle. It is shown at Figure 3.9. A cardinality of an association connected to a referenced group specifies a cardinality of a referenced group. If the cardinality is not specified then it represents a default cardinality of XML Schema particle and not default cardinality of UML association end.
3.7 Element
An element schema component defines elements in XML document. An element can be referenced from model groups via particles. An element is represented in XSD UML Profile by <<XSDelement>> class. A data type of an element is represented by a dependency with <<type>> stereotype to a class representing the data type. It is shown at Figure 3.10. This figure presents Employee element, which is of EmployeeType complex type.
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Figure 3.10 The content of Employee element is defined by EmplyeeType complex type.

This is the code of XML Schema at Figure 3.10:

  <xs:element name="Employee">

    <xs:complexType>

      <xs:complexContent>

        <xs:extension base="p:Person">

          <xs:sequence/>

          <xs:attribute name="Department">

            <xs:simpleType>

              <xs:restriction base="xs:string"/>

            </xs:simpleType>

          </xs:attribute>

        </xs:extension>

      </xs:complexContent>

    </xs:complexType>

  </xs:element>
XML document it is allowed to replace a content of element or element itself. Content of element can be replaced by a content defined by a derived data type. The data type of content of element is specified by type attribute defined by W3C in XMLSchema-instance namespace. For example in the following code USAaddress data type is used instead of general address data type. USAaddress data type is extended by a State element.
<Address xsi:type=”USAaddress” xmlns:xsi=”http://www.w3.org/2001/XMLSchema-instance”>


<Street>36 Avenue</Street>


<City>New York</New York>


<State>New York</State>

</Address>

Another possibility is the replacing of whole element. This is called substitution. For example Phone element can be substituted by one of MobilePhone or HomePhone elements. A substitution group of element is an element that can be substituted by the element with specified substitution group. For example Phone element is substitution group for MobilePhone and HomePhone elements. It is shown at Figure 3.11. An element can be substituted by many elements, but only one element can be specified in a substitution group. A substitution group of an element is represented by <<XSDsubstitute>> generalization as shown at Figure 3.11.
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Figure 3.11 Phone element is in substitution group of HomePhone and MobilePhone elements.
This is the code of XML Schema at Figure 3.11:

  <xs:complexType name="PhoneType">

    <xs:simpleContent>

      <xs:extension base="GeneralPhoneNumber">

        <xs:attribute name="PhoneKind" type="xs:string" use="optional"/>

      </xs:extension>

    </xs:simpleContent>

  </xs:complexType>
  <xs:complexType name="HomePhoneType">

    <xs:simpleContent>

      <xs:restriction base="PhoneType">

        <xs:attribute name="PhoneKind" type="xs:string" use="prohibited"/>

      </xs:restriction>

    </xs:simpleContent>

  </xs:complexType>

  <xs:complexType name="MobilPhoneType">

    <xs:simpleContent>

      <xs:restriction base="PhoneType">

        <xs:attribute name="PhoneKind" type="xs:string" use="prohibited"/>

      </xs:restriction>

    </xs:simpleContent>

  </xs:complexType>

  <xs:element name="HomePhone" type="HomePhoneType" substitutionGroup="Phone"/>

  <xs:element name="MobilePhone" type="MobilPhoneType" substitutionGroup="Phone"/>

  <xs:element name="Phone" type="PhoneType"/>

An element has the following properties:

Abstract: If set to true, then an element cannot appear in a document. Instead, another element that can substitute this element can appear in its place.

Block: This property prevents of substitution or content replacement. If set to substitution then the element cannot be substituted by any other element. If set to restriction or extension then it is blocked to replace a content of the element by a data type derived by the specified method. This value can be substitution, extension or restriction or any combination of these values.

Default: Sets default value for element, if it is of simple data type.

Final: Prevents this element to be a substitution group for other elements, which content is derived by a specified method. This value can be restriction, extension or #all.

Fixed: If set to true, then the value of element must be same as default value.

Form: If set to “qualified”, then this element must have namespace prefix. Otherwise if set to “unqualified” then this element inherits namespace from its parent.

Nillable: If set to true, then this element can be set to special “nil” value. This is provided by special attribute nil defined by W3C in XMLSchema-instance namespace.

An element particle is represented in XSD UML Profile the similar way as a group particle. It is represented by <<XSDelement>> association. It has index and cardinality properties too. These properties have the same semantics as for group particle. It is shown at Figure 3.9 in Model Group chapter.
A private element can be represented by <<XSDelement>> association. This association connects a model group and a data type that defines content of the element. It has the properties of association representing particle and class representing element. An example is shown at Figure 3.12. This diagram presents ContactGroup choice group, which contains Address, Email and Phone private elements. Address is of complex type Address. Email is of simple type Email. Phone is of GeneralPhoneNumber simple type.
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Figure 3.12 Address, Email and Phone private elements
This is the code of XML Schema at Figure 3.12:

  <xs:group name="ContactGroup">

    <xs:choice>

      <xs:element name="Address" type="Address"/>

      <xs:element name="Email" type="Email"/>

      <xs:element name="Phone" type="GeneralPhoneNumber"/>

    </xs:choice>

  </xs:group>
As for attributes there exists a wildcard element particle. A wildcard element can be instantiated by any element from a specified namespaces. It is represented by <<XSDany>> class. It has the following properties:

Namespace: An element from a specified namespaces can be used as an instance of the attribute wildcard.

Process contents: specifies, whether contents must be validated against schema. Available values are “strict” (content is always validated), “lax” (content is validated only if XML schema is available) or “skip” (content is not validated).

<<XSDany>> class is assigned to a model group by an <<XSDelement>> association representing element particle. An example of an element wildcard in Person complex type is at Figure 3.13
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Figure 3.13 An element wildcard
This is the code of XML Schema at Figure 3.13:

  <xs:complexType name="Person">

    <xs:sequence>

      <xs:any minOccurs="0" maxOccurs="unbounded"/>

    </xs:sequence>

    <xs:attribute name="FirstName" type="xs:string"/>

    <xs:attribute name="LastName" type="xs:string"/>

    <xs:attribute ref="PhoneNumber"/>

    <xs:attributeGroup ref="PhoneNumbers"/>

    <xs:anyAttribute/>

  </xs:complexType>
3.8 Constraints and Integrity Checks
There can be specified global constraints on an XML document. A constraint selects a set of XML nodes and then it is applied on values of the node set. There are three types of constraints:
· Unique constraint specifies that values from a selected node set must be unique.
· Key constraint specifies that values from a selected node set must be unique and not nil.
· KeyRef constraint specifies that each value from a selected node set must be from a node set selected by a key or unique constraint.
All constraints are defined inside of an element schema component. A constrain has the following properties:
Selector: It selects a node set, which is a constraint applied to.

Fields: It selects one or more fields for each XML node in a node set selected by selector. Values of fields are then validated by a constraint.

Both properties are X-Path expressions. Verification of a constraint is provided in three steps. At first it is build a set of XML nodes queried by selector X-Path. The X-Path is relative to the element, which is the constraint applied to. Then it is build a set of vectors of fields from this set. Dimension of vectors is number of fields specified in the constraint. Each field is retrieved by X-Path specified in field value. The field X-Path is relative to an XML node from the set selected by selector. At last it is verified if all field vectors satisfy the constraint.
A constraint is represented in XSD UML Profile by a class with one of <<XSDunique>>, <<XSDkey>> or <<XSDkeyRef>> stereotypes. A constraint class has selector and fields properties. An example at Figure 3.14 shows that each Person element in Persons element must have unique IDcard attribute.
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Figure 3.14 An example of a key constraint
This is the code of XML Schema at Figure 3.14:

  <xs:element name="Persons">

    <xs:complexType>

      <xs:sequence>

        <xs:element name="Person" type="Person" minOccurs="0" maxOccurs="unbounded"/>

      </xs:sequence>

    </xs:complexType>

    <xs:key name="Persons_IDcard">

      <xs:selector xpath="Person"/>

      <xs:field xpath="@IDcard"/>

    </xs:key>

  </xs:element>
A keyRef constraint is additionally bound to a key or unique constraint. In XSD UML Profile this is represented by an association directed from <<XSDkeyRef>> class to <<XSDkey>> or <<XSDunique>> class. In example at Figure 3.15 are two constraints. The key constraint specifies that DepartmentID attribute for each Department element must be unique. The keyRef constraint specifies that Department attribute for each Employee element must have a value from any of DepartmendID attributes.
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Figure 3.15 An example of keyRef constraint
This is the code of XML Schema at Figure 3.15:

  <xs:element name="Departments">

    <xs:complexType>

      <xs:sequence>

        <xs:element name="Department" type="Department" minOccurs="0" maxOccurs="unbounded"/>

      </xs:sequence>

    </xs:complexType>

    <xs:key name="Department_DepartmentID">

      <xs:selector xpath="Department"/>

      <xs:field xpath="@DepartmentID"/>

    </xs:key>

  </xs:element>
  <xs:element name="Employees">

    <xs:complexType>

      <xs:sequence>

        <xs:element ref="Employee" minOccurs="0" maxOccurs="unbounded"/>

      </xs:sequence>

    </xs:complexType>

    <xs:keyref name="Employee_Department" refer="Department_DepartmentID">

      <xs:selector xpath="Employee"/>

      <xs:field xpath="@Department"/>

    </xs:keyref>

  </xs:element>
Representing of constraints by UML classes could make UML diagrams very big and less readable. So there is other possibility of representing constraints. A constraint can be represented by an attribute with one of <<XSDunique>>, <<XSDkey>> or <<XSDkeyRef>> stereotypes. However, this can be applied only to constraints with the following conditions:
1. Selector is an X-Path to a direct sub-element.

2. Fields are attributes of elements selected by the selector.
A keyRef constraint represented by attribute has a refer property. This property specifies a name of key or unique constraint assigned to the keyRef constraint. Fields are represented by attributes of data type of a sub-element. If an attribute is also a field then <<XSDfield>> stereotype is added to the attribute. <<XSDfield>> attributes has the following properties:
Constraint name: This property specifies a constraint, which an attribute is assigned to as field.

Position: This property specifies a position of a field in a field vector.

An example of Employees_ID constraint represented by an UML attribute is shown at Figure 3.16.
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Figure 3.16 Employees_ID constraint is represented by an UML attribute.
This is the code of XML Schema at Figure 3.16:

  <xs:element name="Employees">

    <xs:complexType>

      <xs:sequence>

        <xs:element ref="Employee" minOccurs="0" maxOccurs="unbounded"/>

      </xs:sequence>

    </xs:complexType>

    <xs:key name="Employees_ID">

      <xs:selector xpath="Employee"/>

      <xs:field xpath="@EmployeeID"/>

    </xs:key>

  </xs:element>
3.9 XML Schema References

An XML Schema can reference other XML Schemas. There are two kinds of references between XML Schemas. In the following text let XML Schema S references XML Schema R.

· Include reference is used to include entities from R. R must have the same target namespace as S or R cannot have set namespace. This means that all entities from R are included in S and thus they are defined the same namespace.
· Import reference is used to reference entities from another namespace. In this case R must have set different target namespace than S. A namespace prefix must be specified in S for target namespace of R and then it is possible to reference entities from R by using this namespace prefix.
XML Schema references do not need to be represented in UML model. They can be derived from relationships between UML elements, which represent XML Schema components.
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Figure 3.17 Complex types from different XML Schemas imply a reference between XML Schemas.
At Figure 3.17 EmployeeType complex type that is defined in employee.xsd XML Schema is derived from Person complex type that is defined in person.xsd XML Schema. So employee.xsd XML Schema must reference person.xsd XML Schema. It is specified import reference, because the XML Schemas has different target namespaces.
This is the code of employee.xsd XML Schema:

  <xs:import namespace="http://tempuri.org/person.xsd" schemaLocation="person.xsd"/>
For documentation purposes XML Schema references can be optionally represented by dependency relation between components.
4 Modeling XSLT Files in XSLT UML Profile
XSLT UML Profile extends UML language to allow modeling of XSLT files. This section provides detail description of XSLT UML Profile and mapping XSLT elements to XSLT UML Profile modeling constructs. However, not all XSLT elements are mapped to UML elements. This section focuses on templates, their processing-flow and binding of XSLT file to XML schema. It doesn’t focus on output definitions in XSLT templates and XSLT commands those are included in output definition, like iterations, conditions or expression evaluations. Output of XSLT template can be easier written in a special XSLT editor. If needed, an UML element representing XSLT template can contain a link to document that describes an output of the template. This document can be a draft of the template written in natural language or XML language with comments in natural language or it can be an example of instance of XSLT template output.
This section describes UML modeling of two aspects of XSLT files: static and dynamic. Static aspect is a structure of XSLT file including keys, templates and their variables and parameters. Static structure of XSLT file is represented by an UML class diagram. Dynamic aspect of an XSLT file is a processing flow of templates. A processing flow of templates is an oriented graph of template instances in transformation process. If template A is applied inside template B then there is an arc from B to A. A possible scenario of processing flow of templates is represented by an UML collaboration diagrams.
4.1 Stylesheet

A stylesheet is represented by <<XSLTstylesheet>> class in XSLT UML Profile. This class has the following properties:
Version specifies a version of XSLT standard, which the stylesheet conforms to.
Other properties, which are mapped to attributes of <xsl:output> XSLT command.

Variables and parameters of a stylesheet are represented by UML attributes. Variables are mapped to private attributes and parameters are mapped to public attributes. A value of variable or parameter is specified by an initial value of UML attribute. The default value of UML attribute can be set to an XPath expression.
A stylesheet can import or include another stylesheet. This is represented by UML dependency with one of the following stereotypes:
<<XSLTimport>> represents an importing of stylesheet.

<<XSLTinclude>> represents an including of stylesheet.

At the Figure 4.1 is departments XSLT stylesheet. This stylesheet has a TargetVersion parameter with default value set to 2. Its output method is set to XML and it imports employees XSLT stylesheet.
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Figure 4.1 An example of XSLT stylesheet
This is the code of departments stylesheet:
<?xml version=”1.0”?>

<xsl:stylesheet version=”1.0” xmlns:xsl=”http://www.w3.org/1999/XSL/Transform”>

  <xsl:output method=”xml”/>

  <xsl:param name=”TargetVersion” select=”2”/>

  ...

</xsl:stylesheet>

4.2 Template
An XSLT template is represented in XSLT UML Profile by <<XSLTtemplate>> class. This class has the following properties:
Match pattern specifies a match pattern of a template.

Priority specifies a priority of a template.

Mode specifies a mode attribute of a template.

Parameters and variables of templates are represented the same way as for stylesheets. Public attributes represent parameters and private attributes represent variables. A value of parameter or variable is specified by an initial value of UML attribute.
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Figure 4.2 An example of XSLT template
At Figure 4.2 is department template that matches department elements and has priority 2. It has also ExportEmployees parameter with default value set to false.
This is the code of department template:
<xsl:template name=”department” match=”department” priority=”2”>

  <xsl:param name=”ExportEmployees” select=”false”/>

  ...

</xsl:template>

In some cases an input for transformation process can be restricted by one or more XML Schemas. When this XML Schema is modeled in UML, then a model of XSLT file can be bound to model of XML Schemas. It means that there exist some processing relationships between XSLT templates and XML Schema element definitions. A processing relationship means that an instance of XML Schema element definition is processed by one of the related XSLT templates. This relationship is represented in XSLT UML Profile by dependency relationship with <<process>> stereotype directed from <<XSLTtemplate>> class to <<XSDelement>> class or association.
Rational Rose does not support a dependency between class and association. So there is shown a workaround at Figure 4.3. An association class with stereotype <<XSDelementEx>> is assigned to the association and a <<process>> dependency relationship is directed from <<XSLTtemplate>> class to <<XSDelementEx>> class.
At Figure 4.3 is shown that departments element is processed by departments template. The department template processes department sub-elements of departments element.
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Figure 4.3 An example of templates processing elements defined in an XML Schema

There is no XSLT code equivalent to <<process>> dependency. XSLT standard does not allow an XSLT file to be bound to an XML Schema. In some cases, however, this is the condition in a developing software system. For example an XSLT transformation is used to export data from a system and XML Schema of internal data is part of the system. In this case it is very useful to include processing relationships into model, because it is a documentation of dependences of templates to element definitions. This documentation can be used if the XML Schema is changed. If an element definition is changed then all templates, which can process this element, need to be changed.
4.3 Keys
Another XML Schema component that can be bound to XSLT file is a constraint. XML Schema constraints and XSLT keys are very similar, but there are two differences:
1. An XSLT key has only one field and an XML Schema constraint can have more than one fields.
2. A node set selected by a selector of XML Schema constraint is a subset of node set selected by match pattern of XSLT key that is equivalent to the selector. It implies from that all nodes in XML Schema constraint are matched by XSLT key match pattern and the context for XPath in match pattern is an instance of element, which the XML Schema constraint is defined for. However, XSLT processor searches through whole XML document, when it is building an XSLT key, so there can be some other nodes matching the match pattern of XSLT key.
In some cases node sets created by XML Schema constraint and XSLT key can be equivalent. For example if selector starts with “/” character that matches the one and only root of XML document or it implies from XML Schema that no other nodes matches the selector XPath. In this case a constraint from XML Schema can be reused in XSLT file. A reusing of XML Schema constraint means that there is an XSLT command to build an equivalent XSLT key. The XSLT command is created in the following way. Let assume there is an XML Schema constraint A with selector property and fields f1, f2, ... fn. Let A is defined in element E. Then an XSLT key B is created with the following attributes:
Name is set to the name of XML Schema constraint.

Match pattern is set as follows:

1. If A.selector starts with “/” character then the match pattern is set to A.selector.
2. Else the match pattern is set to E.name followed by “/” character and A.selector.

Use is set to the following expression: concat(f1, s, f2, s,... fn), where s is an separator string; for example “,”. If there is only one field in A then the use attribute is set to this field expression.
A key reusing is represented in XSLT UML Profile by <<reuse>> dependency directed from <<XSLTstylesheet>> class to <<XSDkey>>, <<XSDunique>> or <<XSDkeyref>> class. This dependency has one property. It is separator property that specifies a string, which is put among fields, when they are concatenated into one string value.
If a constraint is represented by an attribute of <<XSDelement>> class then a key reusing is represented by <<XSLTreuseKeys>> generalization directed from <<XSLTstylesheet>> class to <<XSDelement>> class and <<XSLTkey>> attribute inside the stylesheet class having the same name as the XML Schema key. This attribute has the separator property too.

At Figure 4.4 is shown a reusing of department_key and superior_dept_keyref XML Schema constraint.
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Figure 4.4 An example of reusing of XML Schema key
This is the code of XML Schema key at Figure 4.4:
  <xs:element name="departments">

    <xs:complexType>

      <xs:sequence>

        <xs:element name="department" type="DepartmentType" minOccurs="1" maxOccurs="unbounded"/>

      </xs:sequence>

    </xs:complexType>

    <xs:key name="department_key">

      <xs:selector xpath="department"/>

      <xs:field xpath="@DeptID"/>

    </xs:key>

    <xs:keyref name="superior_dept_keyref" refer="department_key">

      <xs:selector xpath="department"/>

      <xs:field xpath="@SuperiorDept"/>

    </xs:keyref>

  </xs:element>
This is the code of XSLT key at Figure 4.4:
<xsl:key name=”department_key” match=”departments/department” use=”@DeptID”/>

<xsl:key name="superior_dept_key" match="departments/department" use="@SuperiorDept"/>

4.4 Processing Flow of Templates
Processing flow describes the order, in which are templates applied to source XML document. It is used a collaboration diagram to represent a processing flow in UML. A collaboration diagram usually presents only one communication scenario. More different scenarios are presented in more collaboration diagrams. This is also the case for presenting of a processing flow. One collaboration diagram represents only one scenario of processing flow of templates.
Instances of templates are represented by instance objects of <<XSLTtemplate>> classes. If one template is called from or applied inside of another template then it is put an UML link between instances of these templates. A calling or applying of a template is represented by an UML “procedure-call” message. A “procedure-call” message is used for all nested synchronous operations. A calling or applying of template is a nested operation. At the moment all XSLT processors are optimized for single processor computers, but maybe in the future there can be created parallel XSLT processor that processes more templates asynchronously. However, this is only the inside implementation and the whole transformation process will act as a synchronous system. There are to messages, which can be sent to a template:
Apply message specifies that a template is applied inside of another template. Optionally an XPath expression of <xsl:apply-templates> command can be specified. It is represented as XPath string enclosed in parenthesis “(” and “)” at the end of message name.
Call message specifies a calling of one template from another.

Both messages can have one or more arguments. It depends on parameters of target template. Arguments are separated by comma and have this format:
ParameterName:=XPath
Nearly all “apply” or “call” messages are iterative, because they are generated for each node in node set specified in <xsl:apply-templates> or <xsl:call-template> commands. So it is obsolete to specify an iteration mark “*” in a message label. If there are two “apply” messages with the same XPath argument then they are generated in one iteration. It means that even they have different message numbers, the message with higher number can appear before the message with lower number, because they are generated by one XSLT command that can generate these messages in any order for the selected node set.
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Figure 4.5 An example of processing flow of templates
At Figure 4.5 are two instances of templates. At first it is applied a departments template. Then a department template is applied inside of departments template and inside of itself.
Another alternative to collaboration diagram is activity diagram. However, it is better to describe a process or an activity and it is not very good to describe communication relationships between XSLT templates. Activity diagram can be used to describe a process executed by XSLT processor, but this is out of scope of this work.
5 CASE Tool for Developing of XML Schema

This section describes an implementation of the extensions described in section 3 into Rational Rose Environment. This is provided by XSD language Add-In for Rational Rose. Rational Rose Add-In is a package of customizations and automation of several Rational Rose features through the extensibility interface (REI). An add-in is a collection of some combination of the following:

· Main menu items

· Shortcut menu items

· Custom specifications

· Properties 

· Data types

· Stereotypes 

· Online help

· Context-sensitive help

· Event handling 

· Functionality through Rose Scripts or controls (OLE-server)
A language add-in takes advantage of the mapping to components by defining a target language. It also supplies its own responses for events that pertain to code generation and round-trip engineering integration. Code generation and round-trip engineering events include OnGenerateCode, OnBrowseBody, and OnBrowseHeader. Language add-ins support custom data types and overriding the default specification dialog. [Rational Rose 01]
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Figure 5.1 XSD language Add-In packages
As shown at Figure 5.1 the XSD language Add-In consists of 4 packages. Each package represents an extension of Rational Rose feature. The packages are described in the following subsections. UML Profile package is implemented by Rational Rose configuration files. Other packages are implemented in COM component that communicates with Rational Rose via REI interface and is written in Visual Basic 6.0.
5.1 XSD UML Profile
This package extends Rational Rose model management. It adds ability to put stereotypes and tagged values defined in XSD UML Profile into Rational Rose model. These properties and stereotypes can be applied to elements, which XSD language is assigned to. In Rational Rose a language can be assigned to an UML component via Language property. Then a class element can be assigned to a component and thus the same language is assigned to the class. Also the same language is associated to all elements associated with the class, like attributes, operations or associations.
The UML profile package consists of 3 parts.
5.1.1 Fundamental Types

A fundamental type from this package can be assigned to an attribute from XSD UML Profile. In this package a set of fundamental types is a set of all simple types defined by W3C. Fundamental types are stored in Windows Registry. 
5.1.2 Stereotypes
XSD stereotypes are described in XMLschema.ini file. In this file for each UML element there is stored a set of available stereotypes, which can be assigned to an UML element. For example for UML class this set contains: “XSDsimpleType”, “XSDcomplexType”, “XSDelement” etc.
5.1.3 Property Pages
A property page is a set of properties. A property is a triple of property name, data type and default value. Data type can be one of string, number, Boolean and enumeration. Data type is determined from default value. An instance of property can override the default value and specify custom value of property.

It is specified a kind of UML element, to which a property page can be assigned. For each stereotype there is defined a property page that describes properties of stereotyped UML element. The exceptions are the stereotypes, which don’t have any custom properties. For example for <<XSDsimpleType>> UML class stereotype there is property page containing properties like final, length, pattern etc.
Some properties in XSD UML Profile are of collection data type. For example namespace prefixes for XMLschema class. Rational Rose, however, doesn’t support this type of properties. So these properties are encoded in string properties. All values in a collection are encoded so that they don’t include space character. All “%” characters are replaced by “%25” strings and all spaces are replaced by “%20” strings. Then the whole collection is encoded as a string of values separated by spaces.
Property pages are defined in XMLschema.pty file. This file also defines default values of properties. A default value can be specified in Rational Rose model too, but it has no sense. Nearly all properties are mapped to XML attributes of XML Schema components. If a property is not overridden and doesn’t specify its custom property then it is not exported to XML Schema. So specifying that a property has default value means that it has default value of XML Schema and it doesn’t inherit default value from property page definition or Rational Rose model.
5.2 User Interface
This package extends 2 features in Rational Rose. It adds menu items and defines custom dialog boxes to edit properties of UML elements from XSD UML Profile.
Menu items are defined in XMLschema.mnu file. There are 3 menu items in “Tools” → “XML Schema” menu.
· Syntax Check performs model validation.

· Generate Code performs code generation.

· Reverse Engineer XML Schema performs reverse engineering of an XML Schemas.

All 3 menu items call functions implemented in COM component provided functionality of the XSD Add-In.
When a user wants to edit UML element properties it is shown a general Rational Rose dialog for the kind of UML element. If it is a language assigned to an UML element then it is shown a custom dialog box defined by language Add-In.
When user wants to edit an UML element for the first time, then it is shown a dialog box that prompts the user to select a stereotype for the UML element. It is shown at Figure 5.1
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Figure 5.2 Select stereotype dialog box
When a user selects a stereotype for UML element then it is shown a dialog box respectively to the selected stereotype. The dialog box allows editing UML element properties defined in XSD UML Profile.
Figure 5.3 shows a dialog box for editing of <<XMLschema>> component and Figure 5.4 shows a dialog box for editing <<XSDomplexType>> class.
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Figure 5.3 Dialog box for editing properties of XML Schema
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Figure 5.4 Dialog box for editing properties of complex type
5.3 Model Validation

XSD UML Profile meta-model defines also some restrictions on a model of XML Schema. These restrictions imply from restrictions described in W3C standard for XML Schema. Here are some examples of these restrictions:
· Data types can be derived from only one data type. The only exception is derivation by union.

· Particle position must be unique number in model group.

· Data type of attribute must be simple type.

· Model group of kind all can’t contain any other model groups. Model group of kind sequence or choice can’t contain model group of kind all.

· Keyref constraint must have key or unique constraint assigned and they must have same number of fields.

This package checks, if an XSD model is valid and thus represents a valid XML Schema. The following model checks are implemented in the XSD Add-In.
5.3.1 UML Model Restrictions Implied from XML Schema Specification

Any data type (simple or complex) cannot be directly or indirectly derived from itself. It means that if it is built a directional graph of data type derivations, where data types are nodes and derivation relationships are edges, then this graph can’t contain cycles.

Complex data types cannot contain two attributes with the same name and neither two anyAttributes. This must be true for all attributes including the ones from referenced attribute groups.

If a complex type is derived by restriction then it cannot define any new attributes. Let A and B are complex types and B is derived by restriction from A. Then B cannot contain any attributes, which are not defined in A. On other hand B can restrict attributes of A. For example it can prohibit attribute, restrict its data type or set its value to be fixed. Data type B do not need to define all attributes from A, only those ones that are restricted.
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Figure 5.5 Complex type B defines only restricted attributes from complex type A.
The diagram at Figure 5.5 does not mean that data type B does not contain attribute a1. Data type B contains both attributes defined in data type A, but only a2 attribute is restricted.

Any complex type cannot contain group incompatible with group of base complex type. Group compatibility is shown in the following table.

	
	Model group of base type

	
	all
	choice
	sequence

	Model group of derived type
	all
	restriction
	
	

	
	choice
	
	restriction / extension
	extension

	
	sequence
	restriction
	restriction / extension
	restriction / extension


Table 5.1 Allowed derivations of complex types containing specified model groups.
A model group cannot contain directly or indirectly itself. It means that if it is built a directional graph, where model groups are nodes and there is edge from one group to another one if one group contains another, then this graph cannot contain cycles.

An attribute group cannot contain directly or indirectly itself. It means that if it is built a directional graph, where attribute groups are nodes and there is edge from one group to another one if one group contains another, then this graph cannot contain cycles.

If it is built a directional graph, where elements are nodes and there is edge from one element to another one if one element is in substitution group of another one, then this graph cannot contain cycles.

If it is built a directional graph, where XML Schemas are nodes and there is edge from one XML Schema to another one if one XML Schema imports another one, then this graph cannot contain cycles.

5.3.2 Other UML Model Restrictions
The following paragraphs describe XSD UML model restrictions, which do not imply from XML Schema standard.
In XML Schema there can be a complex type C containing an element E of type C. This is valid XML Schema, but it has sense only if element E is optional. In UML the complex type C and element E can be represented by classes. Private XML schema entities are defined inside of parent entity. If both classes are set to private then in this case C must be defined in E and E must be defined in C. But this is conflict.

Let P is a graph that satisfies the following:

· Nodes are private complex types, model groups and element (including those ones represented by associations).
· If complex type C contains group G then there is an edge from C to G.
· If complex type C contains element E then there is an edge from C to E.
· If group G contains element E then there is an edge from G to E.
· If element E is of complex type C then there is an edge from E to C.
The graph P cannot contain cycles.

Another restriction forbids references between private UML elements assigned to different XML Schemas. An XML Schema entity cannot reference any private XML Schema entity from another XML Schema. For example let group G is in XML Schema S and element E is in XML Schema R. If E is private then G cannot reference E.

5.3.3 Implementation
When a Rational Rose model of XML Schema is validated, then it is built an object model with structure represented at Figure 5.6 and Figure 5.7.
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Figure 5.6 Static structure of Model Validation & Code Generation package
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Figure 5.7 Static structure of Model Validation & Code Generation package
XSDModel object represents Rational Rose Model and it is collection of XSDschema objects. All other objects wrap a functionality of a Rational Rose element and represent an XML Schema component. For example an XSDschema object wraps an <<XSDschema>> component and an XSDelement wraps an <<XSDelement>> class or association. XSDschema object is a collection of objects representing XML Schema components. There are not shown all relationships at Figure 5.6 and Figure 5.7. All other relationships are derived from relationships between XML Schema components.
An XSDModel is created in following process:
1. It is created a collection of XSDschema objects from <<XSDschema>> components.
2. For each XSDschema it is created a collection of objects, which wrap UML classes assigned to the <<XSDschema>> component.

3. Then relationships between objects are created and objects from Figure 5.7 are created.
a. For XSDgroup and XSDcomplexType objects a collection of XSDparticle objects is created. An XSDelement or XSDgroup or XSDany object is assigned to each XSDparticle.
b. For XSDattributeGroup and XSDcomplexType objects a collection of XSDattributeUsage objects is created. An XSDattribute or XSDattributeGroup is assigned to each XSDattributeUsage object.
4. For each XSDelement object it is created a collection of XSDconstraint objects.
5. The whole structure is traversed and import and include relationships are created between XMLschema objects.

When it is created an object structure that wraps Rational Rose model, it is tested, if it satisfies all restrictions mentioned in sections 5.3.1 and 5.3.2.
5.4 Code Generation

Code generation of XML Schemas is bound to model validation. When a user requests for code generation it is shown the dialog box at Figure 5.8. In this dialog box the user selects, which XML Schemas should be generated and where they should be stored.
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Figure 5.8 XML Schemas code generation dialog box
Then it is created an object structure needed for model validation and the model is validated. Then for each XSDschema object it is created an XML Schema and all XML Schema components are written to this XML Schema.
Documentation is exported to XML Schemas too. Each UML element in Rational Rose has a documentation property. This property can be any unformatted text. Every object from Model Validation & Code Generation wraps an UML element. When the object is exported to XML Schema and the underlying UML element has any documentation, then this documentation is exported in <xs:documentation> element that is included in <xs:annotation> element that is included in XML Schema component.
5.5 Reverse Engineering
Reverse engineering is a process of creating Rational Rose model from XML Schemas. When a user requested reverse engineering, the dialog box at Figure 5.9 is shown and the user creates a list of XML Schemas, which should be imported into Rational Rose.
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Figure 5.9 Reverse engineering dialog box
An import object model is created from importing XML Schemas. The import object model wraps XML Schema components and connects them to UML elements. The object model has the structure presented at Figure 5.10 and Figure 5.11.
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Figure 5.10 Import object model
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Figure 5.11 Import object model
Reverse engineering process takes the following actions:
1. It is created an ImpModel object that is connected to currently opened Rational Rose model.

2. All XML Schemas selected by a user are added to the ImpModel.

3. All XML Schemas in ImpModel are validated by MSXML 4.0 parser. If any one of XML Schemas is not valid then the process is stopped.

4. It is searched for all imported or included XML Schemas at any level and these XML Schemas are added to ImpModel.
5. For each ImpSchema object in ImpModel object it is created an UML component representing XML Schema and a package under “Logical View” package. The package has the same name as XML Schema.
6. Import objects are created from XML Schema components. For each object it is created an UML element representing XML Schema component. <<XSDsimpleType>> and <<XSDcomplexType>> classes are created inside the package created by ImpSchema object. All classes representing other XML Schema components are created inside special package named as kind of XML Schema component and contained in the package created by ImpSchema object. For example for person.xsd XML Schema a “person.xsd” package is created. This package contains all data types from the XML Schema. It also contains packages like “Elements”, “Attributes” and others. The “Elements” package contains all elements from the XML Schema and the “Attributes” package contains all attributes from the XML Schema.
7. If there is a W3C built-in simple type referenced from XML Schema then it is created an ImpSimpleType object and <<XSDsimpleType>> class representing the built-in simple type. This class is created in “Logical View::XSD Builtin Types” package.
8. When all classes are created in Rational Rose model, then relations, like associations, generalizations and dependencies, can be created in Rational Rose model.
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Figure 5.12 Structure of packages created, when importing XML Schemas
Figure 5.12 shows the structure of packages created after reverse engineering of XML Schemas: departments.xsd and employee.xsd. The person.xsd XML Schema is included in model because it is imported by employee.xsd XML Schema. There are 3 <<XSDschema>> components representing the XML Schemas. There are “departments.xsd”, “employee.xsd” and “person.xsd” packages created; each one for the corresponding XML Schema. The “person.xsd” package contains data types from person.xsd XML Schema. This package contains “AttributeGroup”, “Attributes”, “Elements”, “ModelGroups” and “Constraints” packages. The “Elements” package contains all global elements from the XML Schema. There is “XSD Builtin Types” package that contains “XSDstring” <<XSDsimpleType>> class that represents a string simple type referenced from departments.xsd.
6 Conclusion

The goal of this work was to create an XSD UML Profile and describe a mapping of XML Schema components to XSD UML Profile modeling constructs. The mapping is complete and bidirectional, so it is available forward and reverse engineering of XML Schemas.
Next goal was to create an XSD Add-In to Rational Rose. The XSD Add-In implements XSD UML Profile into Rational Rose that is UML based modeling tool. The XSD Add-In creates new stereotypes for UML elements and it creates a property page for each stereotyped UML element. It also shows custom dialog boxes, when a user requires editing of properties of an UML element from XSD UML Profile. So it is available more user friendly interface to edit UML element properties. Next it provides validation of Rational Rose model against XSD UML Profile and generating of XML Schemas from UML model. It also provides reverse engineering of XML Schemas to put UML elements into Rational Rose model to represent the reverse engineered XML Schemas.
Next goal was to create an XSLT UML Profile and describe a mapping of XSLT elements to XSLT UML Profile modeling constructs. This mapping is neither complete nor bidirectional. Not all XSLT commands have equivalent XSLT UML Profile modeling construct. This work focused on XSLT stylesheets and their inner objects like variables, templates and keys. However, it doesn’t focus on body of XSLT templates. So XSLT commands, which specify the output of XSLT template, are not covered by XSLT UML Profile.
Some modeling constructs using XSLT UML Profile cannot be written in XSLT file. XSLT UML Profile depends on XSD UML Profile. This allows connecting of XSLT file to XML Schema, which is not possible to write in XSLT file. So modeling of XSLT files in UML provides better documentation of XSLT file.
A tool that implements XSLT UML Profile can be implemented similarly as XSD Add-In to Rational Rose. However, the XML Schema was of the higher priority and unfortunately the implementation work would exceed of this master thesis.

6.1 Further Work

Both parts of this work (XML Schema and XSLT) can be extended. The XSD Add-In can be improved by adding icons to stereotypes. This could help UML diagrams to become more readable.

XSLT part of this work can continue by implementing a tool for modeling of XSLT files. XSLT modeling can be improved to include more details about XSLT files, like modeling body of templates, or it can be more tightly bound to XML Schema and thus expressions could be verified against the structure of XML Schema. It can be extended to include information about output XML Schema.
B XSD UML Profile Summary
	UML element
	XML Schema element
	Description

	<<XSDschema>> component
	<xs:schema>
	XML Schema is a set of XML Schema components, which define a structure of an XML document.

	<<XSDbuiltIn>> class
	
	This stereotype is used in combination with other stereotype (in this version only with <<XSDsimpleType>>) from XSD UML Profile. It represents a built-in XML Schema component defined by W3C.

	<<XSDsimpleType>> class
	<xs:simpleType>
	Simple type defines a simple textual content of an attribute or an element without any sub-elements.

	<<XSDdataTypeName>> class
	<xs:simpleType>
	Simple type derived by restriction from dataTypeName simple data type defined by W3C.

	<<XSDcomplexType>> class
	If specialization of a simple data type:

<xs:complexType>

  <xs:simpleContent>

  </xs:simpleContent>

</xs:complexType>

If specialization of a complex data type or no specialization:

<xs:complexType>

  <xs:complexContent>

  </xs:complexContent>

</xs:complexType>
	Complex type defines a content of an element. It defines either simple content (textual content without any sub-elements) or complex content (content with sub-elements). Additionally it contains a set of attributes. This stereotype may be combined with <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> stereotype.

	<<XSDattribute>> class
	<xs:attribute>
	Attribute schema component represents an XML attribute and it can be instantiated in an XML document.

	<<XSDattributeGroup>> class
	<xs:attributeGroup>
	Attribute group is a set of attributes, which can be referenced from a complex type.

	<<XSDelement>> class
	<xs:element>
	Element schema component represents an XML element and it can be instantiated in an XML document.

	<<XSDall>> class
	If public:
<xs:group>

  <xs:all>

  </xs:all>

</xs:group>

If private:

<xs:all>
	It is a list of particles. Instance of this model group must contain all particles in any order.

	<<XSDchoice>> class
	If public:

<xs:group>

  <xs:choice>

  </xs:choice>

</xs:group>

If private:

<xs: choice>
	It is a list of particles. Instance of this model group must contain one and only particle from the group.

	<<XSDsequence>> class
	If public:

<xs:group>

  <xs: sequence>

  </xs: sequence>

</xs:group>

If private:

<xs: sequence>
	It is a list of particles. Instance of this model group must contain all particles from the group in order, in which they are written in the group.

	<<XSDany>> class
	<xs:any>
	It is an element wildcard. Instance of this wildcard is any element from specified namespaces.

	<<XSDunique>> class
	<xs:unique>
  <xs:selector/>

  <xs:field/>

  ...

</xs:unique>
	Unique constraint defines a constraint on a set of elements. Fields of all elements from the set must have unique values.

	<<XSDkey>> class
	<xs:key>

  <xs:selector/>

  <xs:field/>

  ...

</xs:key>
	Key constraint defines a constraint on a set of elements. Fields of all elements from the set must have unique values and cannot be nil.

	<<XSDkeyRef>> class
	<xs:keyRef>

  <xs:selector/>

  <xs:field/>

  ...

</xs:keyRef>
	Key constraint defines a constraint on a set of elements. Fields of all elements from the set must have values from a set of fields defined by referenced key or unique constraint.

	attribute in <<XSDcomplexType>> class or <<XSDattributeGroup>> class
	<xs:attribute>
	It represents a private attribute in a complex type or an attribute group.

	<<XSDanyAttribute>> attribute in <<XSDcomplexType>> class or <<XSDattributeGroup>> class
	<xs:anyAttribute>
	It is an attribute wildcard. Instance of this wildcard is any attribute from specified namespaces.

	<<XSDunique>> attribute in <<XSDelement>> class
	<xs:unique>

  <xs:selector/>

  <xs:field/>

  ...

</xs:unique>
	It represents a unique constraint.

	<<XSDkey>> attribute in <<XSDelement>> class
	<xs:key>

  <xs:selector/>

  <xs:field/>

  ...

</xs:key>
	It represents a key constraint.

	<<XSDkeyRef>> attribute in <<XSDelement>> class
	<xs:keyRef>

  <xs:selector/>

  <xs:field/>

  ...

</xs:keyRef>
	It represents a keyRef constraint.

	<<XSDfield>> attribute in <<XSDcomplexType>> class or <<XSDattributeGroup>> class
	<xs:field>
	It represents an attribute that is also a field of a constraint represented by an attribute.

	<<XSDrestriction>> generalization between <<XSDsimpleType>> and <<XSDcomplexType>> classes
	<xs:restriction>
	It represents a restriction of a complex or simple data type.

	<<XSDextension>> generalization between <<XSDcomplexType>> classes
	<xs:extension>
	It represents an extension of a complex data type.

	<<XSDlist>> generalization between <<XSDsimpleType>> classes
	<xs:list>
	It represents a derivation by list of a simple data type.

	<<XSDunion>> generalization between <<XSDsimpleType>> classes
	<xs:union>
	It represents a derivation by union of a simple data type.

	<<XSDsubstitution>> generalization between <<XSDelement>> classes
	<xs:element substitutionGroup=”...”>
	More general element is in substitution group of a special element.

	<<XSDelement>> association directed from <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> class to <<XSDelement>> class
	<xs:element>
	It represents an element particle.

	<<XSDelement>> association directed from <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> class to <<XSDsimpleType>> or <<XSDcomplexType>> class
	<xs:element>
	It represents a private element and element particle in a model group.

	<<XSDgroup>> association directed from <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> class to <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> class
	If a class near navigable association end is private:
<xs:all> or <xs:choice> or <xs:seqience>

If a class near navigable association end is public:

<xs:group>
	It represents a particle referencing a model group.

	<<XSDgroup>> association directed from <<XSDcomplexType>> class to <<XSDall>>, <<XSDchoice>> or <<XSDsequence>> class
	<xs:all> or <xs:choice> or <xs:seqience>
	It represents that a complex type has a complex content defined by an associated model group.

	<<XSDattribute>> association directed from <<XSDcomplexType>> or <<XSDattributeGroup>> class to <<XSDattribute>> class
	<xs:attribute>
	It represents an attribute usage inside of an complex type or attribute group.

	<<XSDsimpleContent>> association directed from <<XSDcomplexType>> class to <<XSDsimpleType>> class
	<xs:simpleContent>
	It represents that simple content of a complex type is defined by an associated simple type.

	association directed from <<XSDelement>> class to <<XSDunique>>, <<XSDkey>> or <<XSDkeyRef>> class
	
	Represents that a constraint is applied to an element, which associates the constraint.

	<<type>> dependency directed from <<XSDelement>> class to <<XSDsimpleType>> or <<XSDcomplexType>> class
	If supplier class is public:
<xs:element type=”...”>

If supplier class is private:
<xs:element>

  <xs:simpleType/>

</xs:element>

Or

<xs:element>

  <xs:complexType/>

</xs:element>
	An XML element has content defined by supplier data type.

	<<type>> dependency directed from <<XSDattribute>> class to <<XSDsimpleType>> class
	If supplier class is public:

<xs:attribute type=”...”>

If supplier class is private:

<xs:attribute>

  <xs:simpleType/>

</xs:attribute>
	An XML attribute has content defined by supplier simple type.


C XSLT UML Profile Summary
	UML element
	XSLT element
	Description

	<<XSLTstylesheet>> class
	<xsl:stylesheet>
  <xsl:output/>

</xsl:stylesheet>
	XSLT stylesheet is a set of rules, which determine an XSLT transformation process.

	<<XSLTtemplate>> class
	<xsl:template>
	This is a rule for processing of source XML node. The rule consists of match pattern and output definition. Match pattern specifies, which nodes can be processed by this rule, and output definition specifies, what is sent to output, when an XML node is processed.

	private attribute in <<XSLTstylesheet>> or <<XSLTtemplate>> class
	<xs:variable>
	It represents a variable that can be used in expressions in all sub-elements.

	public attribute in <<XSLTstylesheet>> or <<XSLTtemplate>> class
	<xs:param>
	It represents a parameter of a stylesheet or a template. It can be used in expressions in all sub-elements. The value of parameter is set from calling template or outside environment.

	<<XSLTkey>> attribute in <<XSLTstylesheet>> class
	<xsl:key>
	If <<XSLTstylesheet>> class is a child of <<XSLTuseKeys>> generalization then this attribute specifies that key with the same name is reused from parent <<XSDelement>> class.

	<<XSLTuseKeys>> generalization with <<XSLTstylesheet>> class as a child <<XSDelement>> class as a parent
	
	It specifies that an XSLT stylesheet reuses keys from an XSD element

	<<XSLTimport>> dependency between <<XSLTstylesheet>> classes
	<xsl:import>
	It specifies that one XSLT stylesheet imports another one.

	<<XSLTinclude>> dependency between <<XSLTstylesheet>> classes
	<xsl:include>
	It specifies that one XSLT stylesheet includes another one.

	<<process>> dependency directed from <<XSLTtemplate>> class to <<XSDelement>> class or <<XSDelement>> association
	
	It specifies that an XML Schema element is processed by an XSLT template.

	<<reuse>> dependency directed from <<XSLTtemplate>> to <<XSDunique>>, <<XSDkey>> or <<XSDkeyRef>> class
	
	It specifies that a supplier constraint is reused in a client template.

	“apply” collaboration message sent from one <<XSLTtemplate>> object to another one
	<xsl:apply-templates>
	Source XSLT template applies the destination XSLT template to an XML node or XML nodes, which should be processed by the source XSLT template.

	“call” collaboration message sent from one <<XSLTtemplate>> object to another one
	<xsl:call-template>
	Source XSLT template calls the destination XSLT template and output of the destination template is generated.
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� A guillemet looks like a double angle-bracket, but it is a single character in most extended fonts. It is a quotation mark used in French.


� This is the only one picture in this work with two stereotypes in one class symbol. All other pictures are from Rational Rose example model that is attached to this work. Rational Rose, however, does not support more than one stereotype, so in the example the stereotype is replaced by “built-in” property.


� Regular expression language is a standard language for parsing strings. You can read more about them at � HYPERLINK "http://www.w3.org/TR/xmlschema-2/#regexs" ��http://www.w3.org/TR/xmlschema-2/#regexs� [Biron and Malhotra 01].


� An interface symbol is used to present the association class. This symbol is used just because it is small and it makes the diagram more readable, but it should be created a new symbol for <<XSDelementEx>> class.





