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1 Introduction

As described in the core SDO specification [SDO], SDO provides a unifying API and architecture that allows SOA applications handle data from heterogeneous sources, including relational databases, Web services, and enterprise information systems. 

This document builds on the core SDO specification by describing the interfaces for programming using SDO on the Java platform.  Details on the mapping of SDO data to Java are also provided.

1.1 Terminology

The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to be interpreted as described in [RFC2119].

In addition to the ones described in [SDO], the following standard namespace URI is associated with this specification:

· “http://docs.oasis-open.org/ns/opencsa/sdo/java/200911” contains Java specific SDO types and properties. Previous implementations of SDO used “commonj.sdo/java” for this namespace. Implementations may choose to continue to support “commonj.sdo/java” as an alias URI for this namespace.

This specification also uses the additional default mapping for the following XML namespace prefix:

· “sdoj” is mapped to namespace “http://docs.oasis-open.org/ns/opencsa/sdo/java/200911”

1.2 Normative References

[RFC2119]
S. Bradner, Key words for use in RFCs to Indicate Requirement Levels, http://www.ietf.org/rfc/rfc2119.txt, IETF RFC 2119, March 1997.

[SDO]
F. Budinsky, et al., Service Data Object Specification Version 3.0, http://docs.oasis-open.org/opencsa/sdo/sd0-core-3.0-spec.pdf, OASIS Service Data Object Specification Version 3.0, XXX 2009
[Schema0]
XML Schema Part 0: Primer, http://www.w3.org/TR/xmlschema-0
[Schema1]
XML Schema Part 1: Structures, http://www.w3.org/TR/xmlschema-1
[Schema2]
XML Schema Part 2: Datatypes http://www.w3.org/TR/xmlschema-2
[XPath]
XPath 1.0 specification  http://www.w3.org/TR/xpath
[Java]
Java 1.5.0 API documentation http://java.sun.com/j2se/1.5.0/
[JavaBeans]
JavaBeans specification, version 1.0.1 http://java.sun.com/products/javabeans/docs/spec.html
1.3 Non-Normative References

[NextGen]
Next-Generation Data Programming with Service Data Objects, 

Any one of:

· http://www.ibm.com/developerworks/library/specification/ws-sdo/

· http://oracle.com/technology/webservices/sca

· https://www.sdn.sap.com/

2 Java API

The SDO 3.0 Java API requires a minimum Java Development Kit, version 1.5.0 or higher.

The SDO programming model, as defined in the core SDO specification [SDO] is implemented in Java as a set of interfaces.  These interfaces implement the functionality of the core SDO specification, along with some extensions specific to the Java environment.
Among the extensions that SDO’s Java API provides beyond the SDO Core Specification is the JavaHelper interface.  Additional methods have been added to some other helpers, notably XMLHelper, which are intended to enable integration with existing frameworks.  Another notable extension that the SDO 3.0 Java API provides provides beyond the SDO core is the ability to derive SDO types and properties by introspecting Java classes. 
The remainder of this section describes the implementation of the SDO programming model in Java, including any extensions, optimizations, and specializations.  For details of the interfaces, refer to the core SDO specification.

2.1 DataObject

The DataObject interface in Java contains type specific accessors (get<T> and set<T> methods) for each of the standard DataTypes listed in Chapter 11 of the Core Specification [SDO]. The table in section 6.1: Error! Reference source not found. defines the mapping between standard Java types and the SDO types defined in the core SDO specification [SDO].   Note that Java’s autoboxing feature also allows the Java object representation (e.g., java.lang.Integer) to be used where the API calls for a primitive value (e.g., int).
2.1.1 Type Conversion

The set of standard conversions implicit in the various get<T> and set<T> methods is implied by the table in Chapter 11 of the core specification.  In addition to the behavior defined in the core specification, the following rules apply specifically for type conversions in Java.

When get(property) is called on an unset single valued property for which the default value is null (there is no default value) and the instanceClass (see section 2.4.1) of the property is a Java object, a Java Implemenation of SDO MUST return null.  [JAV02010101]  When the instanceClass is a primitive Java type (e.g., int, boolean, float), then a Java Implementation of SDO MUST return the corresponding default value: [JAV02010102]

· “false” if the type is “boolean”

· “0” if the type is “byte”, “char”, double”, “float”, “int”, “short”, “long”
This value is also used as a starting point if a conversion is necessary (for example in the case of get<T> methods).
When a get<T>() method is invoked on a many-valued property and <T> is not <List>, then, if the property’s value is a List of length 1, a Java Implementation of SDO MUST return the item in the list converted, if necessary, to the target type. [JAV02010106]  If a property’s value is an empty list and the target type is not a primitive type, then a Java Implementation of SDO MUST return null. [JAV02010103]  If a property’s value is an empty list and the target type is primitive, then a Java implementation of SDO MUST return the same value as for an unset property. [JAV02010104] 

When a set<T> method is invoked on a many-valued property and <T> is not <List>, a Java Implementation of SDO MUST set the the property to a List of length 1 where the single element is the (possibly converted) parameter value [JAV02010105].

Note that when calling the primitive DataObject.set() methods, no automatic conversion is performed. In case such conversion is necessary, it can be explicitly performed by calling DataHelper.convert() before calling the set() method. For example:

dataObject.set(property, dataHelper.convert(property, value));

2.1.2 DataObject Interface

The Java DataObject API maps to the DataObject interface in the core SDO specification [SDO]
public interface DataObject extends Serializable

{

  Object get(String path);

  void set(String path, Object value);

  boolean isSet(String path);

  void unset(String path);

  boolean getBoolean(String path);

  byte getByte(String path);

  char getChar(String path);

  double getDouble(String path);

  float getFloat(String path);

  int getInt(String path);

  long getLong(String path);

  short getShort(String path);

  byte[] getBytes(String path);

  BigDecimal getBigDecimal(String path);

  BigInteger getBigInteger(String path);

  DataObject getDataObject(String path);

  Date getDate(String path);

  String getString(String path);

  List<? extends Object> getList(String path);

  void setBoolean(String path, boolean value);

  void setByte(String path, byte value);

  void setChar(String path, char value);

  void setDouble(String path, double value);

  void setFloat(String path, float value);

  void setInt(String path, int value);

  void setLong(String path, long value);

  void setShort(String path, short value);

  void setBytes(String path, byte[] value);

  void setBigDecimal(String path, BigDecimal value);

  void setBigInteger(String path, BigInteger value);

  void setDataObject(String path, DataObject value);

  void setDate(String path, Date value);

  void setString(String path, String value);

  void setList(String path, List<? extends Object> value);

  Object get(int propertyIndex);

  void set(int propertyIndex, Object value);

  boolean isSet(int propertyIndex);

  void unset(int propertyIndex);

  boolean getBoolean(int propertyIndex);

  byte getByte(int propertyIndex);

  char getChar(int propertyIndex);

  double getDouble(int propertyIndex);

  float getFloat(int propertyIndex);

  int getInt(int propertyIndex);

  long getLong(int propertyIndex);

  short getShort(int propertyIndex);

  byte[] getBytes(int propertyIndex);

  BigDecimal getBigDecimal(int propertyIndex);

  BigInteger getBigInteger(int propertyIndex);

  DataObject getDataObject(int propertyIndex);

  Date getDate(int propertyIndex);

  String getString(int propertyIndex);

  List<? extends Object> getList(int propertyIndex);

  void setBoolean(int propertyIndex, boolean value);

  void setByte(int propertyIndex, byte value);

  void setChar(int propertyIndex, char value);

  void setDouble(int propertyIndex, double value);

  void setFloat(int propertyIndex, float value);

  void setInt(int propertyIndex, int value);

  void setLong(int propertyIndex, long value);

  void setShort(int propertyIndex, short value);

  void setBytes(int propertyIndex, byte[] value);

  void setBigDecimal(int propertyIndex, BigDecimal value);

  void setBigInteger(int propertyIndex, BigInteger value);

  void setDataObject(int propertyIndex, DataObject value);

  void setDate(int propertyIndex, Date value);

  void setString(int propertyIndex, String value);

  void setList(int propertyIndex, List<? extends Object> value);

  Object get(Property property);

  void set(Property property, Object value);

  boolean isSet(Property property);

  void unset(Property property);

  boolean getBoolean(Property property);

  byte getByte(Property property);

  char getChar(Property property);

  double getDouble(Property property);

  float getFloat(Property property);

  int getInt(Property property);

  long getLong(Property property);

  short getShort(Property property);

  byte[] getBytes(Property property);

  BigDecimal getBigDecimal(Property property);

  BigInteger getBigInteger(Property property);

  DataObject getDataObject(Property property);

  Date getDate(Property property);

  String getString(Property property);

  List<? extends Object> getList(Property property);

  void setBoolean(Property property, boolean value);

  void setByte(Property property, byte value);

  void setChar(Property property, char value);

  void setDouble(Property property, double value);

  void setFloat(Property property, float value);

  void setInt(Property property, int value);

  void setLong(Property property, long value);

  void setShort(Property property, short value);

  void setBytes(Property property, byte[] value);

  void setBigDecimal(Property property, BigDecimal value);

  void setBigInteger(Property property, BigInteger value);

  void setDataObject(Property property, DataObject value);

  void setDate(Property property, Date value);

  void setString(Property property, String value);

  void setList(Property property, List<? extends Object>  value);

  DataObject createDataObject(String propertyName);

  DataObject createDataObject(int propertyIndex);

  DataObject createDataObject(Property property);

  DataObject createDataObject(String propertyName, 

                              String namespaceURI, String typeName);

  DataObject createDataObject(int propertyIndex, 

                              String namespaceURI, String typeName);

  DataObject createDataObject(Property property, Type type);

  void delete();

  void detach();

  DataObject getContainer();

  Property getContainmentProperty();

  DataObject getRootObject();

  Type getType();

  Sequence getSequence();

  List<Property> getInstanceProperties();

  Property getInstanceProperty(String propertyName);

  ChangeSummary getChangeSummary();

}

When implementing DataObject, a Java implementation of SDO MUST NOT override the methods defined in java.lang.Object except for toString(), in particular, dataObject1.equals(dataObject2) returns true if and only if dataObject1==dataObject2 is true [JAV02010301].  
2.1.3 DataObject Accessor Exceptions

DataObject accessor exceptions are all Java runtime exceptions so programs do not need try/catch blocks to program with the DataObject interface. The content of a DataObject accessor exception thrown by a Java implemenation of SDO SHOULD be a String that describes the problem. [JAVA02010401].

2.2 ChangeSummary

2.2.1 Old Values

Old values are expressed as ChangeSummary.Setting objects (ChangeSummary.Setting is an inner interface of ChangeSummary). Each ChangeSummary.Setting has a Property and a value, along with a flag to indicate whether or not the Property is set. The isSet flag will be false for each "old value" that was not "set" when logging was begun on the ChangeSummary.

The Java ChangeSummary API implements the interface in the core SDO specification [SDO] by allowing either a list of settings or a specific setting object to be retrieved.

· getOldValues(DataObject dataObject) returns a List of old values. The order of old values is implementation dependent.  For a deleted DataObject, the old values List returned by a Java implementation of SDO MUST contain all the properties of the DataObject. [JAV02020101] For a DataObject that has been modified, the List returned by a Java implementation of SDO MUST consist of the modified properties only. For a DataObject that has not been deleted or modified, the List of old values returned by a Java implementation of SDO MUST BE empty. [JAV02020102]
· getOldValue(DataObject dataObject, Property property) MUST return a ChangeSummary.Setting for the specified Property, if the DataObject was deleted or the property was modified. [JAV02020103] For a DataObject that was was not deleted and a Property of the DataObject that was not modified, getOldValue(DataObject dataObject, Property property) MUST return null. [JAV02020104] If the setting.isSet() of the old value is false, the old value does not have meaning.

2.2.2 ChangeSummary Interface

public interface ChangeSummary

{

  void beginLogging();

  void endLogging();

  boolean isLogging();

  void undoChanges();  

  DataGraph getDataGraph();

  DataObject getRootObject();

  List<DataObject> getChangedDataObjects();

  boolean isCreated(DataObject dataObject);

  boolean isDeleted(DataObject dataObject);

  boolean isModified(DataObject dataObject);

  DataObject getOldContainer(DataObject dataObject);

  Property getOldContainmentProperty(DataObject dataObject);

  Sequence getOldSequence(DataObject dataObject);  

  public interface Setting

  {

    Object getValue();

    Property getProperty();

    boolean isSet();

  }

  Setting getOldValue(DataObject DataObject, Property property);

  List<Setting> getOldValues(DataObject dataObject); 

}

2.3 Sequence

2.3.1 Sequence Interface

public interface Sequence

{

  int size();

  Property getProperty(int index);

  Object getValue(int index);

  Object setValue(int index, Object value);

  boolean add(String propertyName, Object value);

  boolean add(int propertyIndex, Object value);

  boolean add(Property property, Object value);

  void add(int index, String propertyName, Object value);

  void add(int index, int propertyIndex, Object value);

  void add(int index, Property property, Object value);

  void addText(int index, String text);

  void addText(String text);

  void remove(int index);

  void move(int toIndex, int fromIndex);

}

2.4 Type

2.4.1 InstanceClass
In Java implementations of SDO, the metamodel for Types contains, besides the properties defined in [SDO], an additional property called instanceClass that indicates the internal, in-memory representation of values.  The instanceClass of a property (in other words, property.getType().getInstanceClass()) determines the Java type of the object returned by DataObject.get(property), and which values a legal when calling DataObject.set(property,value).  If static SDOs are used, the instanceClass also determines the type of the property’s accessor methods.
In Java implementations of SDO, dataTypes always have an InstanceClass. A table specifying the instanceClass associated with each of the standard SDO types is given in Chaper 6.  Types defined through the API, that is, using TypeHelper.define(), are required to either extend an existing base type or to provide an instanceClass using the @javaClass property defined in Section 5.1: Java Related Properties.  When creating a data type that extends a base type and for which no instanceClass is explicitly provided, a Java implementation of SDO MUST create the new type with the same instance class as the base type. [JAV02040101]
It is also possible to associate instanceClasses with types in which dataType is false.  These are the so-called static SDOs, described in Chapter 3: Java Interface Specification. Examples classes might be: PurchaseOrder and Customer. 

2.4.2 Type Interface

public interface Type

{

  HelperContext getHelperContext();

  String getName();

  String getURI();

  Class getInstanceClass();

  boolean isInstance(Object object);

  boolean isDataType();

  boolean isSequenced();

  boolean isOpen();

  boolean isAbstract();

  List<Type> getBaseTypes();

  List<String> getAliasNames();

  Type getKeyType();

  List<Property> getProperties();

  List<Property> getDeclaredProperties();

  Property getProperty(String propertyName);

  List<Property> getInstanceProperties();

  Object get(Property property);

}

2.5 Property

2.5.1 Property Interface

public interface Property

{

  String getName();

  Type getType();

  boolean isMany();

  boolean isContainment();

  boolean isReadOnly();

  Type getContainingType();

  List<String> getAliasNames();

  Property getOpposite();

  Object getDefault();

  boolean isNullable();

  boolean isOpenContent();

  boolean isKey();

  List<Property> getInstanceProperties();

  Object get(Property property);

}

2.6 HelperContext

2.6.1 Default HelperContext

The default HelperContext is available by calling SDO.getDefaultHelperContext(). 

Default helpers can be accessed using the get() methods of the default HelperContext.

2.6.2 HelperContext Interface

public interface HelperContext

{

  String getIdentifier();

  CopyHelper getCopyHelper();

  DataFactory getDataFactory();

  DataHelper getDataHelper();

  EqualityHelper getEqualityHelper();

  TypeHelper getTypeHelper();

  XMLHelper getXMLHelper();

  XSDHelper getXSDHelper();

  JavaHelper getJavaHelper();

}

2.7 DataFactory

2.7.1 DataFactory Interface

public interface DataFactory

{

  DataObject create(String uri, String typeName);

  DataObject create(Type type);

}

2.8 TypeHelper

This specification defines some constructs that are useful for defining Types and Properties in a Java environment.  Such Java specific constructs, including both Java specific data types and open content properties that can be used to enrich the definition of Types and Properties, are located in the namespace:

· SDO_JAVA_URI = http://docs.oasis-open.org/ns/opencsa/sdo/java/200911
which is defined in the TypeHelper interface.

2.8.1 TypeHelper Interface

public interface TypeHelper

{

  String SDO_URI = "http://docs.oasis-open.org/ns/opencsa/sdo/200911";

  String SDO_JAVA_URI = "http://docs.oasis-

                         open.org/ns/opencsa/sdo/java/200911";

  String SDO_XML_URI = "http://docs.oasis-open.org/ns/opencsa/sdo/xml/200911";

  Type getType(String uri, String typeName);

  Property getOpenContentProperty(String uri, String propertyName);

  Type define(DataObject type);

  List<Type> define(List<DataObject> types);

  Property defineOpenContentProperty(String uri, DataObject property);

}

2.9 JavaHelper

A JavaHelper is a helper for defining, retrieving and instanciating types based on introspecting Java classes.

In this usage, the class not only serves as the source of the SDO metadata, but also provides a typesafe API through which the data object can be accessed (see Chapter 3: Java Interface Specification).

2.9.1 JavaHelper Interface

public interface JavaHelper
{
  Type getType(Class<?> staticSdoClass);

  Type define(Class staticSdoClass);

  List<Type> define(List<Class> staticSdoClasses);

  <T> T create(Class<T> staticSdoClass);

}
Implementation complience is based on the ability to define types from any interface meeting the requirements set out in Chapter 3.  However, implementations can loosen these restrictions, for instance, by allowing POJO classes, or classes that extend some implementation dependent base class to be used.

The create method is essentially a convenience method, that derives the type from the class, using JavaHelper.define(), and then instanciates the type, as through a call to DataFactory.create(Type).

Note that it is also possible to associate types with java classes using the dynamic API (i.e., the “javaClass” open content property described in 5.1) or using XML annotations, as described in chapter 7. JavaHelper.getType MUST return the SDO type associated with the class, regardless of how the association was made. [JAV02090101] The getType(Class) method MUST return null if the class has not been associated with a type. [JAV02090102]
2.9.2 Example Using the JavaHelper Interface

The interface Customer:  

public interface Customer {


String getFirstName();


void setFirstName(String firstName);


String getLastName();


void setLastName(String lastName);

}

could be used to define a type, which, when instanciated, can be used as a static SDO. 





Customer c = SDO.getDefaultHelperContext().getJavaHelper().create(Customer.class);

((DataObject)c).set("lastName","Smith");

System.out.println(c.getLastName());
2.10 CopyHelper

2.10.1 CopyHelper Interface 

public interface CopyHelper

{    

  DataObject copyShallow(DataObject dataObject);

  DataObject copy(DataObject dataObject);

}

2.11 EqualityHelper

2.11.1 EqualityHelper Interface

public interface EqualityHelper

{

  boolean equalShallow(DataObject dataObject1, DataObject dataObject2);

  boolean equal(DataObject dataObject1, DataObject dataObject2);

}

2.12 XMLHelper

2.12.1 Default XMLHelper

The default XMLHelper is configured in an implementation-specific fashion to determine which Types are available and what instance classes are instantiated. 

2.12.2 XMLHelper Interface

The Java XMLHelper API provides some Java I/O specific versions of load and save. Options can be specified for some load() and save() methods, using the options parameter.

· load(InputStream inputStream) creates and returns an XMLDocument from the inputStream. The InputStream will be closed after reading. This method does not perform XSD validation by default.

· load(Source inputSource, String locationURI, Object options) creates and returns an XMLDocument from the inputSource. Type Source is defined in the javax.xml.transform package and represents a way to refer to an XML document independent of the parser or stream technology.

· save(XMLDocument xmlDocument, OutputStream outputStream, Object options) serializes an XMLDocument as an XML document into the outputStream. If the DataObject's Type was defined by an XSD, the serialization will follow the XSD. Otherwise, the serialization will follow the format as if an XSD were generated as defined by the SDO specification.

· save(DataObject dataObject, String rootElementURI, String rootElementName, OutputStream outputStream) saves the DataObject as an XML document with the specified root element.
· save(XMLDocument xmlDocument, Result outputResult, Object options) saves an XML document in the specified outputResult, in a serialization technology independent format (as specified in javax.xml.transform).

public interface XMLHelper

{

   XMLDocument load(String inputString);

   XMLDocument load(InputStream inputStream) throws IOException;

   XMLDocument load(InputStream inputStream,

                    String locationURI,

                    Object options) throws IOException;  

   XMLDocument load(Reader inputReader, String locationURI, Object options)

                 throws IOException;

   XMLDocument load(Source inputSource, String locationURI, Object options)

                 throws IOException;

   void save(XMLDocument xmlDocument,

             OutputStream outputStream,

             Object options) throws IOException;

   void save(XMLDocument xmlDocument,

             Writer outputWriter,

             Object options) throws IOException;

   void save(DataObject dataObject,

             String rootElementURI,

             String rootElementName,

             OutputStream outputStream) throws IOException;

   void save(XMLDocument xmlDocument, Result outputResult, Object options)

          throws IOException;

   String save(DataObject dataObject,

               String rootElementURI,

               String rootElementName);

   XMLDocument createDocument(DataObject dataObject,

                              String rootElementURI,

                              String rootElementName); 

   SDOContentHandler createContentHandler(Object options);

   SDOSource createSDOSource(XMLDocument xmlDocument, Object options);

   SDOResult createSDOResult(Object options);

}

2.13 XMLDocument

2.13.1 XMLDocument Interface

public interface XMLDocument

{

  DataObject getRootObject();

  String getRootElementURI();

  String getRootElementName();

  String getEncoding();

  void setEncoding(String encoding);

  boolean isXMLDeclaration();

  void setXMLDeclaration(boolean xmlDeclaration);

  String getXMLVersion();

  void setXMLVersion(String xmlVersion);

  String getSchemaLocation();

  void setSchemaLocation(String schemaLocation);

  String getNoNamespaceSchemaLocation();

  void setNoNamespaceSchemaLocation(String schemaLocation);

}

2.14 SDOContentHandler

2.14.1 SDOContentHandler Interface

The SDOContentHandler API extends the org.xml.sax.ContentHandler API.
· getDocument() returns the XMLDocument when the ContentHandler has received all events.

public interface SDOContentHandler extends ContentHandler {

    XMLDocument getDocument();

}
2.15 SDOSource

2.15.1 SDOSource Interface

This interface represents an SDO data graph as javax.xml.transform.Source. The implementation of SDOSource class SHOULD extend javax.xml.transform.sax.SAXSource or another well supported implementation of Source. [JAV02150101]
Instances of this interface will be created by the factory method 
XMLHelper.createSDOSource(XMLDocument xmlDocument, Object options).
· getDocument() returns the source XMLDocument.
· getOptions() returns implementation specific options that were passed to the factory method.
public interface SDOSource extends Source {

    XMLDocument getDocument();

    Object getOptions();

}
2.16 SDOResult

2.16.1 SDOResult Interface

With this interface frameworks are able to create an SDO data graph as a javax.xml.transform.Result. The implementation of SDOResult SHOULD extend javax.xml.transform.sax.SAXResult or another well supported implementation of Result [JAV02160101].
Instances of this interface will be created by the factory method 
XMLHelper.createSDOResult(Object options).
· getDocument() returns the result XMLDocument after the SDOResult is completed.
· getOptions() returns implementation specific options that were passed to the factory method.
public interface SDOResult extends Result {

    XMLDocument getDocument();

    Object getOptions();

}
2.17 XSDHelper

2.17.1 Default XSDHelper

The default XSDHelper is available from the or from getXSDHelper() of the default HelperContext (see 2.6: HelperContext). 

2.17.2 XSDHelper Interface

public interface XSDHelper

{

  String getLocalName(Type type);

  String getLocalName(Property property);

  String getNamespaceURI(Type type);

  String getNamespaceURI(Property property);

  boolean isAttribute(Property property);

  boolean isElement(Property property);

  boolean isMixed(Type type);

  boolean isXSD(Type type);

  Property getProperty(Type type, String uri, String name, boolean isElement);

  Property getInstanceProperty(DataObject dataObject, String uri,

                               String name, Boolean isElement);

  Property getGlobalProperty(String uri, String propertyName, 

                                         boolean isElement);

  String getAppinfo(Type type, String source);

  String getAppinfo(Property property, String source);

  List<Type> define(String xsd, Map<String, Object> properties);

  List<Type> define(Reader xsdReader, String schemaLocation, Map<String, Object> properties);

  List<Type> define(InputStream xsdInputStream, 

                       String schemaLocation , Map<String, Object> properties);

  String generate(List<Type> types);

  String generate(List<Type> types, 

                  Map<String, String> namespaceToSchemaLocation);

} 

NOTE: Calling getProperty() with a null Type parameter is equivalent to calling getGlobalProperty().
SchemaInputResolver
The SchemaInputResolver is used to customise how the schema lookup is done.  When resolving an XML schema, the resolution is done in the following order:

1. Attempt to resolve the schema using the SchemaInputResolver passed as a parameter to the define call.

2. Attempt to resolve the schema using the SchemaInputResolver passed as a parameter when the HelperContext was created.
3. Attempt to resolve the schema using the System ID.
Setting a Default SchemaInputResolver

When creating a HelperContext a SchemaInputResolver may be specified to allow special handling of XML schema look ups.  This behavior can be overridden with a SchemaInputResolver passed to the define call:
Map<String, Object> properties = new HashMap<String, Object>(1);

SchemaInputResolver inputResolver = new MySchemaInputResolver();

properties.put(XSDHelper.SCHEMA_INPUT_RESOLVER, inputResolver);
helperContextFactory.createHelperContext(“identifier”, properties);
Using a SchemaInputResolver in a Define Call
When performing a define operation a SchemaInputResolver may be specified to allow special handling of XML Schema lookups:

Map<String, Object> properties = new HashMap<String, Object>(1);

SchemaInputResolver inputResolver = new MySchemaInputResolver();

properties.put(XSDHelper.SCHEMA_INPUT_RESOLVER, inputResolver);

xsdHelper.define(xsdSource, null, properties);

SchemaInputResolver Class

package org.oasisopen.sdo.helper.util;

import javax.xml.transform.Source;

public abstract class SchemaInputResolver {

  public abstract Source resolveSchema(String parentXSD, String namespaceURI, String systemID);

}
2.18 DataHelper

2.18.1 DataHelper Interface

public interface DataHelper

{

  Date toDate(String dateString);

  Calendar toCalendar(String dateString);

  Calendar toCalendar(String dateString, Locale locale);

  String toDateTime(Date date);

  String toDuration(Date date);

  String toTime(Date date);

  String toDay(Date date);

  String toMonth(Date date);

  String toMonthDay(Date date);

  String toYear(Date date);

  String toYearMonth(Date date);

  String toYearMonthDay(Date date);

  String toDateTime(Calendar calendar);

  String toDuration(Calendar calendar);

  String toTime(Calendar calendar);

  String toDay(Calendar calendar);

  String toMonth(Calendar calendar);

  String toMonthDay(Calendar calendar);

  String toYear(Calendar calendar);

  String toYearMonth(Calendar calendar);

  String toYearMonthDay(Calendar calendar);

  Object convert(Type type, Object value);

  Object convert(Property property, Object value);

  DataObject project(DataObject object);

}

2.19 SDO

The SDO class provides access to HelperContext and HelperContextFactory objects.

2.19.1 Default HelperContext

The SDO class is the means by which the default HelperContext is found:

2.19.2 HelperContext by Identifier

HelperContext objects are created with a unique identifier.  The SDO class can be used to retrieve the HelperContext based on the identifier.   A null or empty string (“”) identifier corresponds to the default HelperContext.  Null is returned if a HelperContext cannot be found for the specified identifier.

HelperContext hrHelperContext = SDO.getHelperContext(“org.example.hr”);

2.19.3 Default HelperContextFactory

To create instances of HelperContext other than the default one, a HelperContextFactory is used.  The HelperContextFactory can be accessed from the SDO class.

HelperContextFactory hcf = SDO.getHelperContextFactory();

HelperContext hc = hcf.createHelperContext(“org.example.hr”, null);

2.19.4 Implementation Specific HelperContextFactory

In order to ensure that a HelperContext factory from a particular vendor is used, a fully qualified class name can be specified. 

HelperContextFactory hcf = 

SDO.getHelperContextFactory(“org.example.vendor.HCFImpl”);

2.20 HelperContextFactory

HelperContextFactory is used to create instances of HelperContext.

2.20.1 Creating a HelperContext

When HelperContext objects are created a unique identifier can be supplied.

HelperContextFactory hcf = SDO.getHelperContextFactory();

HelperContext hc = hcf.createHelperContext(“org.example.hr”, null);

If a unique identifier was supplied when the HelperContext was created it can be looked up using the SDO class:

HelperContext hc = SDO.getHelperContext(“org.example.hr”);

A ClassLoader parameter can also be supplied. A Java implementation of SDO MUST use the specified ClassLoader during the creation of the HelperContext  when attempting to load an instanceClass or static SDO class from that HelperContext [JAVA02200101]. The ClassLoader to be used by the default HelperContext, and HelperContexts that were created without a specified ClassLoader is dependent on the implementation and the environment.  When SDO is being used in a Java EE environment, a SDO implementation SHOULD use the current thread's contextClassLoader [JAVA02200102].

HelperContextFactory hcf = SDO.getHelperContextFactory();

HelperContext hc = hcf.createHelperContext(“org.example.hr”,clasLoader,null);

An IllegalArgumentException is thrown if an attempt is made to create a HelperContext with an existing identifier.

2.21 Environment

Vendors can supply an implementation of Environment to enable SDO to work in different environments such as Java EE, Java SE, and OSGi.

3 Java Interface Specification

Data Objects can have a static interface in addition to the dynamic interface provided by the DataObject API.  Whereas the dynamic interface is generally suitable for use by frameworks and generically programmed components, the static interface provides type safe data access in a more programmer friendly way.  For instance, having a static interface means an IDE can provide code completion to the programmer writing the client code.  The interface describing static DataObjects might be written by the user or generated automatically form another source of metadata, for instance from an XML schema.  At runtime, the static interfaces can be used either as stand-alone sources of SDO metadata or simply provide data access for types defined through other mechanisms.   Both functionalities require that the runtime map the Java types and their methods to SDO type and their properties.  This chapter describes the details of this mapping.

3.1 Goals and Limitations

A goal of this specification has been to make use of Java’s rich reflection API as a source of SDO metadata in a way that is natural and intuitive for Java programmers.  The goal is to create a mapping between Java classes and SDO types that is complete enough that every SDO metamodel “round-trips” to Java.  That is, from every SDO type a Java interface can be defined that not only provides static access to the type’s properties, but also contains enough information to reconstitute the SDO type.  However, not all constructs in SDO’s metadata model have a natural mapping in Java.  Two notable examples here are SDO’s concept of containment and SDO’s model of user defined data types.  In cases where SDO constructs find no natural counterpart in Java, this specification defines annotations to enrich the metadata that can be derived from classes. 
While it is expected that implementation will provide a means to generate static interfaces based on schema and/or other sources of metadata, the precise API for generation of static SDO is out-of-scope for this specification.  Compliance is based on the ability to use interfaces as a source of metadata and as a means of accessing data.  Interoperability is achieved because the interfaces of the static SDOs, and clients that rely on them and their mapping to SDO metadata, can be used with any compliant SDO implementation regardless of how the static SDOs were generated.

3.2 Mapping Principles
The following table maps the basic SDO constructs to Java. 

	SDO Concept
	Java Concept

	URI for Types
	Package

	Type, dataType=true

SDO data types 
	Primitives, String, BigDecimal, etc.

	Type, dataType=false

SDO DataObjects
	Interface

	Property within enclosing Type
	getX(), setX() accessors


The mapping between SDO properties and the methods in the static SDOs interface is based on [JavaBeans], sections 8.3.1 and 8.3.2.  In simple cases, introspection of an unannotated Java interface will be sufficient to provide the mapping.  In other cases, the mapping information comes from other sources, such as annotations in the XML schema.  In such cases it will be possible that the Java type of an SDO does not itself depends on SDO - a client of the generated interfaces does not need to be aware of SDO or have SDO on the classpath to compile against the generated interfaces.  Software already using the bean pattern might be able to upgrade to SDOs without change.  In more complex situations, for instance where the name mangling or other default behavior has to be overridden, it is possible annotate interfaces with the annotations described in this chapter.  This approach introduces a dependency on SDO - clients would need the SDO API on the classpath in order to compile.

The default mapping between SDO type and property names and Java identifiers is that defined by Appendix D in the JAX-B 2.0 specification. This default algorithm can be overridden, for example by using the @SdoType and @SdoProperty annotations, described below. 

Because SDO gives the user control of the names of the types and properties being defined from static SDOs, it also places the responsibility for name uniqueness on the programmer who developed the static SDOs.  Any duplication of names that results programmer supplied annotations is considered a programmer error that results in undefined behavior.
3.3 Associating SDO Types with Static SDOs
A Java class becomes associated with the SDO type in any of the following ways:

   through a call to JavaHelper.define(Class)

   by setting the javaClass property on a Type object before passing it to TypeHelper.define(DataObject), or

   by “sdoj” annotations in an XML schema read in using XSDHelper.  

Once a Java type is associated with a SDO type, every API call that results in the instantiation of the SDO type MUST return an object that can be cast to either the DataObject interface or the static type [JAV03030001].  This applies to objects created through calls to JavaHelper.create(Class), calls to DataFactory.create(Type) and also to the graph created by parsing an XML document.  No matter which API is used, a Java implementation of SDO returns an object that implements the DataObject interface and also implements (or extends) the static SDO type.  The implementation of the returned DataObject can be a dynamic proxy, the result of byte code enhancement or weaving of a POJO JavaBean or a class that was generated during the application’s build process.

When a Java class is the static SDO class associated with an SDO type, type.getInstanceClass() returns that Java class.  Static SDOs can only be defined for Types where type.dataType is false. 

3.4 Default Mapping between SDO Types and Static SDOs
A static SDO can be the definition of a type, or can be used simply to provide programmer friendly access to a type whose definition using other means, in schema or using the TypeHelper API.  The use of static SDOs to define types is described later, in the next section.  This section describes how a static SDO’s methods map to the properties of a separately defined SDO Type.  The origin of the static SDOs is out-of-scope for this specification, regardless of whether the interfaces generated or be written by hand, both the static SDO and the type definition are, for the purposes of this specification, provided by the application. It is therefore the application code’s responsibility assure that the static SDO maps to the SDO type according to the rules of this chapter.  However, as a non-portable vendor extension, implementations can relax these restrictions, for instance to provide the ability to use static SDOs implemented by some concrete class.

The following table defines the mapping between Java constructs and SDO metadata.

	SDO Type
	Java

	Type 

   name = [typeName]

   uri = [packageName]


	package [converted-packageName];

public interface [converted-typeName] 

{

	Property

    name = [propName]

    type = [propType]

    many = false && 

    [javaType] != boolean 
	  [javaType] get[converted-propName]();



	Property

    name = [propName]

    type = boolean

    many = false

    [javaType] = Boolean
	    [javaType] is[converted-propName]();



	Property

    name = [propName]

    type = [propType]

    many = false &&

    readOnly = false
	  void set[converted-propName]([javaType]);

	Property

    name = [propName]

    type = [propType]

    many = true 
	  java.util.List<[javaType]> get[converted-propName]();

  void set[converted-propName](List<[javaType]>);


where

     [converted-typeName] = the Java identifier derived from [typeName] according to the algorithm in the JAXB 2.0 specification, appendix D.

     [converted-propName] = the Java identifier derived from [propName] according to the algorithm in the JAXB 2.0 specification, appendix D.

     [converted-packageName] = the Java identifier derived from [packageName] according to the algorithm in the JAXB 2.0 specification, appendix D

     If [javaType] is an enum, then [propType] is be a data type.  The range of values of [propType] has to be consistent with the enumeration’s values and the value of [propType].instanceClass has to be java.lang.String.

     If [propType] is not guaranteed to be found by a call to TypeHelper.getType(), for instance, if the type corresponds to an anonymous type from a schema definition, then [javaType] has to be a nested interface named [propName].

     If [propType] is a data type and is not associated with an enumeration facet, then [javaType] has to be [propType].instanceClass[SAP1] .  The instance classes of the standard SDO data types are defined in Chapter 6 of this specification.

     If [propType] is not a data type, then [javaType] has to be the static SDO class that maps to [propType].

A Java implementation of SDO MUST implement the accessor methods in a static SDO with behavior identical to the the corresponding DataObject.get(property) or DataObject.set(prop,value) methods. [JAV03040001]
Compliant static SDOs might include convenience methods for creating DataObjects.  The convenience methods have to follow the pattern:

[javaType] create[propName]()

If present, a Java implementation of SDO MUST implement create methods in a static SDOs with behavior identical to DataObject.create([propName]). [JAV03040002]
Compliant static SDOs might include convenience methods for testing whether properties are set.  The convenience methods have to follow the pattern:

· boolean isSet[propertyName]()

· void unset[propertyName]()

If present, a Java implementation of SDO MUST implement isSet and unsetMethoods with behavior identical to DataObject.isSet([propertyName]) and DataObject.unset([propertyName]). [JAV03040003]
3.4.1 Use of enum Types

An instance of an enum type can be used as the second parameter in the methods DataHelper.convert(Type, Object) and DataHelper.convert(Property, Object).  When the target type of convert(Type, Object) has an instance class of java.lang.String, a Java implementation of SDO MUST convert the enum is to a string using the enumeration’s name() method [JAV03040101].

Enum types can also be used as the instance class of a data type.  When the target type of  DataHelper.convert(Type,String) is an enum type, a Java implementation of SDO MUST use the enumeration’s valueOf method to convert from String to the enum [JAV03040102].  [JAV03040102]. 
3.5 Generation of SDO Types from Static SDOs
When using a Java type as a source of SDO metadata, that is, when passing a class to JavaHelper.define(), a Java implementation of SDO type MUST create the type according to the patterns defined by table 3.5.1. [JAV03050001]
	Java
	SDO Type

	package [packageName];

public interface [javaName] 

    extends [baseClass] {
	Type 

   name = [javaName]

   uri = “urn:java:”+[packageName]

   open = false

   dataType = false

   sequenced = false

   instanceClass = [packageName].[javaName]

   baseType = JavaHelper.define([baseClass])

A Java implementation of SDO MUST ignore base classes in the “java” or “javax” packages. [JAV03050002]

	     boolean is[propName]();
	Property

    name = [propName]

     type = Boolean

    containment =  false

    isNillable = false

    many = false

	     [javaType] get[propName]();


	Property

    name = [propName]

    type = [propType]

    containment =  false

    isNillable = true iff javaType is not primitive

    many = false

	     boolean is[propName]();
	Property

    name = [propName]

    type = Boolean

    containment =  false

    isNillable = false

    many = false

	    List<[javaType]> get[PropName();
	Property

    name = [propName]

    containment =  false

    many = true

	
	

	    package [packageName];

    public enum [javaName] {

              [value1]…[valuen]

    }  
	Type

     name = [javaName]

     uri = “urn:java:”+[packageName]

     dataType = true

     instanceClass = [packageName].[javaName]


Table 3.5.1
Where, by default,

       The order of the properties is undefined.

       If a property has a get/is method but no set method, it generates an SDO property with readOnly = true.

      If [javaType] is a static SDO, then [propType] is the SDO type returned from JavaHelper.get([javaType]).

      If [javaType] is a nested interface, then there is no standard way of retrieving the corresponding [propType] through a call to TypeHelper.getType().  However, a Java implementation of SDO  MUST make a type derived from a nested interface available though Property.getType() and JavaHelper.getType(). [JAV03050003] This default behavior, intended to be analogous to anonymous types defined in XML schema, can be overridden by annotating the nested interface with an @SdoType annotation (see section 3.6.1).

      When calling JavaHelper.define(), all referenced SDO types are created for all referenced Java classes, except where a mapping between the Java and an SDO type has already been established. 

A Java implementation of SDO MUST use table 3.5.2 when determining the type of simple properties. [JAV03050004]
	javaType
	SDO Type
URI = http://docs.oasis-open.org/ns/opencsa/sdo/200911Java instance Class

	boolean
	Boolean

	java.lang.Boolean
	BooleanObject

	byte
	Byte

	java.lang.Byte
	ByteObject

	Byte[]
	Bytes

	char
	Character

	java.lang.Character
	CharacterObject

	int
	Int

	Integer
	IntObject

	short
	Short

	java.lang.Short
	ShortObject

	long
	Long

	java.lang.Long
	LongObject

	java.util.Date 
	Date

	java.lang.String
	String

	java.math.BigInteger
	Integer

	java.math.BigDecimal
	Decimal

	double
	Double

	java.lang.Double
	DoubleObject

	float
	Float

	java.lang.Float
	FloatObject


Table 3.5.2
3.6 Customizing the Mapping between SDO Types and Static SDOs

Annotations have been defined to allow programmers to declaratively customize the mapping between the static SDO and the SDO Type.  The intention here is also to provide a means of specifying SDO metadata that is similar in expressiveness to using XML schema.

3.6.1 @SdoType

The @SdoType annotation is used to enrich the Java interface with additional metadata regarding the SDO type.  

	SDO Type
	Java

	Type

    open=[bool]


	@SdoType(open=[bool])

Otherwise, the type will be created with isOpen()= false

	Type

    sequenced=[bool]


	@SdoType(sequenced=[bool])

Otherwise, the type will be created with isSequenced()= false

	Type

    uri=[string]


	@SdoType(uri=[string])     

If not explicitly set using this annotation, the type will be created in a namespace determined by an by the package-level @SdoUri annotation, if any.  If no @SdoUri annotation is present at the package level, then the package name will be ”urn:java:+[packageName].

	Type

    name=[string]


	@SdoType(name=[string])     

Otherwise, the type will be with a name equal to the name of the Java interface class.

	Type

    abstractType=[true|false]


	@SdoType(abstractType=[true|false])     

Default is false.

	Type

    aliasNames=[name1] [name2]…

	@SdoType(aliasNames={“[name1]”,”name2”…)     




@Retention(RetentionPolicy.RUNTIME)

@Target(ElementType.TYPE)

public @interface SdoType {

   boolean open() default false;

   boolean sequenced() default false;

   String name() default "";

   String uri() default "";

   boolean abstractType() default false;

   String[] aliasNames() default {};

}

3.6.2 @SdoOpenContentProperty

The @SdoOpenContentProperty annotation is used to define global properties.  The type of the created property will be the SDO type associated with the Java type in which the annotation appears.  When @SdoOpenContentProperty is used to annotate a Java type, then its “type” attribute is ignored.  This attribute is relevant only when the annotation is used as a package level annotation (see section 3.7.4).

 

	SDO Open Content Property
	Java

	Property

    name = [name]

    uri = [uri]

    many =  [many]

    containment = [containment]
	@SdoOpenContentProperty(              

       name=[name],

       many=prop.isMany()

       containment=prop.isContainment()

       })

	Where [uri] is

The value of @SdoType.uri, if specified

Otherwise, the value of @SdoUri, if given as a package level annotation,

Otherwise “urn:java:”+[packageName]
	


@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.TYPE, ElementType.PACKAGE})

public @interface SdoOpenContentProperty {

   String name();

   String type() default "";

   boolean many() default false;

   boolean containment() default true;

   SdoXmlProperty xml() default @SdoXmlProperty();

}

When more than one open content property is defined for a type, the @SdoOpenContentProperties annotation is used to provide a single annotation through which they can be accessed:

@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.PACKAGE,   

         ElementType.TYPE})

public @interface SdoOpenContentProperties {

   SdoOpenContentProperty[] value();

}

3.6.3 @SdoProperty

The @SdoProperty annotation is used to enrich the property’s getter method with additional metadata regarding the SDO property.  Annotations placed on setter methods are ignored.

	SDO Property
	Java

	Property

    type=[Type]

where

Type [Type]

    uri=[type.uri]

    name=[type.name]


	@SdoProperty (type=[type.URI]#[type.name])

Otherwise, the property will be created with the type returned TypeHelper.getType(javaType).  This annotation is primarily useful for primitive data types having a string instance class, as it is the only way to create a property which is not itself of type {org.oasisopen}String, but rather, for instance {org.oasisopen}URI.



	Property

    name=[string]


	@SdoProperty(name=[string])

Otherwise, the property will be created with a name derived from the method name. 



	Property

    containment=[bool]


	@SdoProperty(containment=[bool])

Otherwise, the property will be created with isContainment()= false.  Applies only to properties having a type for which isDataType returns false.

	Property

    opposite=[string]


	@SdoProperty(opposite=[string])     

Otherwise, the property will be created without an opposite.  Applies only to properties having a type for which isDataType returns false.



	Type.getProperties()

  .get([index]) == Property


	@SdoProperty(propertyIndex=[index])

Allows the user to specify the position of the property with the containing type.  Note that in the case of multiple inheritance, the index of a property will not be fixed across all derived Types, therefore, in these cases, the index should be considered as giving only the index relative to the other properties in the same declaring class.

The index has to be supplied either for all properties in a type, or for none of the properties.  If the index is not given, the order of the properties within the SDO type should be considered “random”.  In particular, an implementation is not required to maintain the order specified in the Java interface.


@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.METHOD,   

                  ElementType.FIELD})

public @interface SdoProperty {

   String type() default "";

   String name() default "";

   String opposite() default "";

   boolean containment() default false;

   String[] aliasNames() default {};

   int propertyIndex() default -1;

   boolean nullable() default true;

}

3.6.4 @SdoDefault

	Property

    default=[object]


	@SdoDefault([string])

Where DataHelper.convert([string], property.getType()) returns [object].  Otherwise the default value will be null for properties where the instanceClass of the type extends java.lang.Object, or the default value defined by Java if the instanceClass is a primitive type.


@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.METHOD,   

         ElementType.FIELD})

public @interface SdoDefault {

   String value();

}

3.6.5 @SdoKey

This annotation is used to indicate that the property participates in the key of the SDO Type generated from this interface.
	Property

    key = true


	@SdoKey



	Property

    embeddedKey = true


	@SdoKey(embedded=true)


@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.METHOD,   

         ElementType.FIELD})

public @interface SdoKey {

   boolean embedded() default false;

}

3.6.6 @SdoXmlProperty

This annotation is used to name of the element or attribute under which the property value will be serialized.  In this way, it is possible to specify that, in XML, namespace of the property differs from the namespace of the type (as would occur if the property were defined through an xs:ref element).

If either the XML name or XML URI is left unspecified or set to an empty string, the XML name and URI will be identical to SDO name and URI, respectively. 

    @Retention(RetentionPolicy.RUNTIME)
    @Target(@Target({ElementType.METHOD,   ElementType.FIELD})              
    public @interface SdoXmlProperty {


 public enum XmlNodeType {ATTRIBUE,ELEMENT,DEFAULT};
        String name() default "";
        String uri() default "";
    }
3.6.7 @SdoXmlType

This annotation is used to control the name of the type in any XML schema generated from the model, or referenced in the XML, e.g., when generating xsi:type values.  The annotation also allows the user to define if the generated SDO type should allow mixed content.

If either the XML name or XML URI is left unspecified, the XML name and URI will be identical to SDO. 

The xsdType member is used to specify a specific XSD type that should be used when representing the property, specified using the SDO standard string representation for QNames.  This is particularly useful when key values should be used to represent non-containment references.  See the xsdType annotation specified in chapter 8 of the SDO Core Specification.  
    @Retention(RetentionPolicy.RUNTIME)
    @Target(ElementType.Type)


    public @interface SdoXmlType {
        String name() default "";
        String uri() default "";

        boolean mixed() default false;
        String xsdType() default "";
    }
3.6.8 JSR-303 Annotations
JSR-303 defines a meta-data model and a set of annotations for JavaBeanTM validation.  These annotations can be used as a source of metadata regarding a property’s type.

The mapping between the standard annotations defined in JSR-303 and the standard facets defined in the SDO Core specification is given in the following table:

	Javax.validation Annotation
	Sub type of Facet
	Notes

	@DecimalMin([value])
	MinInclusive

    value=[value]
	[value] is a numeric string

	@DecimalMax([value])
	MaxInclusive

    value=[value]
	[value] is a numeric string

	@Min([value])
	MinInclusive

    value=”[value]”
	[value] is an integer, in the facet it is converted to a String.

	@Max([value])
	MaxInclusive

    value=”[value]”
	[value] is an integer, in the facet it is converted to a String.

	@Size(min=[minValue],

        max=[maxValue])


	If minValue<maxValue

MinLength

  value=[minValue]

MaxLength

    value=[maxValue]

otherwise

Length

    value=[minValue]
	If either [minValue] or [maxValue] has the defaultValue, then the corresponding MinLength or MaxLength facet is not generated.

Interpretaton of @Size on multivalued properties is implementation dependent.

	@Pattern([pattern])
	Pattern

    value=[pattern]
	

	@Digits(fraction=[fDigits],

              integer=[iDigits])
	FractionDigits

    value = [fDigits]

TotalDigits

    Value=[iDigits]+[fDigits]
	Using JSR-303 annotations, there is no way to specify TotalDigits if fraction digists is left to its default value.  


3.6.8 The effect of the JSR-303 annotations is analogous to the use of anonymous types in XSD.  Client code finds the type of the associated SDO property through Property.getType(); there is no other portable way to retrieve the type.  When a JSR-303 annotation is used in a static SDO, a Java implementation of SDO implementation MUST create the property with a type such that property.getType().get(“facets”) returns a list of Facet objects, furthermore, Property.getType().getBaseTypes() MUST be a list of length 1 and the value of this element MUST be the SDO Type that matches the javaType, according to the table in section 3.4. [JAV03060801]

3.6.9 @SdoFacets
The @SdoFacets annotation is a JSR-303 compliant annotation that provides for a mechanism through which facets defined in the SDO Core Specification can be expressed as Java annotations.  Since the annotation is compliant with the JSR and an implementation of the constraint validator is included as part of the API, the @SdoFacet annotation can be used together with any compliant JSR-303 implementation.  Unlike the annotations in JSR-303 The @SdoFacets annotation can be used as a member of the @SdoDataType annotation, in order to define registered data types.  There is no mechanism to provide similar functionality using JSR-303 annotations.  When used to annotate methods, there is some overlap of functionality between @SdoFacets and the standard annotations defined in JSR-303. Which annotations should be used will depend on the use-case.  For instance, if the Java classes are generated from an XSD, an implementation may find it more natural to use the @SdoFacets annotation.  When integrating with a source code that already uses JSR-303 annotations, then these annotations will naturally be used.

As with the JSR-303 annotations, the effect of using @SdoFacets to annotate a getter method is analogous to the use of anonymous types in XSD.  Client code finds the type of the associated SDO property through Property.getType(); there is no other portable way to retrieve the type.  When @SdoFacets is used in a static SDO, a Java implementation of SDO MUST create the property with a type such that getType().get(“facets”) returns a list of Facet objects, and in Property.getType().getBaseTypes() returns a list of length 1 with the value of this element the SDO Type that matches the javaType, according to the table in section 3.3. [JAV03060901].
@Constraint(validatedBy={org.oasisopen.impl.facetValidator.class})

@Retention(RetentionPolicy.RUNTIME)

@Target(@Target({ElementType.METHOD,   

ElementType.FIELD,ElementType.ANNOTATION_TYPE})

public @interface SdoFacets {

    String message() default "{constraint.facet}";

    Class<?>[] groups() default { };

    int length() default -1;

    int minLength() default -1;

    int maxLength() default -1;

    String minInclusive() default "";
    String minExclusive() default default "";
    String maxInclusive()default "";

    String maxExclusive()default "";
    int totalDigits() default -1;

    int fractionDigits() default -1;

    String[] enumeration() default {};

    String[] pattern() default {};

}
The mapping between the members of this annotation and the facets defined in the SDO core specification is straightforward.

	Core Facet
	Java

	Length

   value=[value]

                                
	@SdoFacet(length=[value])

	MinLength

   value=[value]
	@SdoFacet(minLength=[value])



	MinLength

   value=[value]
	@SdoFacet(maxLength=[value])



	MinInclusive

   value=[value]
	@SdoFacet(minInclusive=[value])



	MaxInclusive

   value=[value]
	@SdoFacet(maxInclusive=[value])



	MinExclusive

   value=[value]
	@SdoFacet(minExclusive=[value])



	TotalDigits
   value=[value]
	@SdoFacet(totalDigits=[value])



	FractionDigits
   value=[value]
	@SdoFacet(fractionDigits=[value])



	Enumeration

   value= [value1], [value2]…
	@SdoFacet(enumeration={ [value1], [value2], … })



	Pattern
   value=[value]
	@SdoFacet(pattern=[value])




3.7 Package Level Annotations
Several of SDO’s metadata constructs do not have a natural mapping in Java.  Notable examples are user defined data types and registered open content properties.  Package level annotations are used to enrich the metamodel that can be generated from Java so that such constructs can be represented.   
A Java implementation of SDO MUST process all package level annotations before generating metadata from any class in that package. [JAV03070001]
3.7.1 @SdoUri

The @SdoUri annotation is used to override the default association of a package with a namespace.  If present, value specified through this annotation is applied not only to all constructs given as package annotations (namely open content properties and data types), but also provides the default URI associated with all Static SDOs that are included in the package.   If not present, the default URI associated with a package is “urn:java:” concatenated with the package name.

This annotation is allowed to occur at most once in any package-info file.

@Retention(RetentionPolicy.RUNTIME)

@Target(ElementType.PACKAGE)

public @interface SdoUri {

   String value();

}
3.7.2 @SdoSeePackage

The definition types and properties in SDO might reference constructs from other namespaces.   At runtime, the java artifacts for these namespaces will have to be processed in order to fully process the referencing artifact. When the value of a property is not a data type this is not a problem, the type of the Java accesses will be the static SDO used to define the type.  When the type of the property is given by the @SdoProperty.type annotation and is not defined by the SDO standard, then implements will need to find the package-info.java file in which the definition is located. In simple cases, the package can be derived from the namespace in which the referenced types and properties are located, but in more complex cases, e.g., where the @SdoUri annotation is used, the @SdoSeePackage annotation causes the contents of the referenced package to be processed. 

@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.PACKAGE,   

         ElementType.TYPE})

public @interface SdoSeePackage {

   String[] value();

}

Note that this annotation can also be used on Java interfaces, for instance, when the properties derived from the interface should have simple types that are defined in another namespace.

Because it might be necessary to reference constructs defined in more than one package, the @SdoSeePackages annotation allows multiple packages to be processed as a batch:

@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.PACKAGE,   

         ElementType.TYPE})

public @interface SdoSeePackages {

   SdoSeePackage[] value();

}

3.7.3 @SdoDataType

This annotation creates an SDO data type.
	Type

    uri = [uri]

    name = [name]

    baseTypes = { [baseType] }

    instanceClass = [class]

    aliasNames = { [aliases] 
    facets = @SdoFacet(…)


where

Type [baseType]

    uri=[baseType.uri]

    name=[baseType.name]


	@SdoUri( [uri] );

@SdoDataType(name=[name],

                           baseType=[baseType.uri]#[baseType.name],

                           instanceClass=[class],

                           aliasNames={ [aliases] }
                           facets = { [facets] }
);



@Retention(RetentionPolicy.RUNTIME)

@Target(ElementType.PACKAGE)

public @interface SdoDataType {

   String name();

   String baseType() default TypeHelper.SDO_URI + ”#String”;

   Class instanceClass() default java.lang.String.class;

   String[] aliasNames() default {};
   SdoFacet facets() default @SdoFacet();

}

To define multiple data types within a single package-info file, the definitions can be enclosed within a @SdoDataTypes annotation

@Retention(RetentionPolicy.RUNTIME)

@Target({ElementType.PACKAGE,   

         ElementType.TYPE})

public @interface SdoDataTypes {

   SdoDataType[] value();

}

3.7.4 Use of @SdoOpenContentProperty

The @SdoOpenContentProperty and @SdoOpenContentProperties annotations can also be used as package annotations.  This is the only way to use Java to create open content properties with simple types.

When using @SdoOpenContentProperty as a package level annotation, 

	SDO Open Content Property
	Java

	Property

     containingType.uri = [uri]

     name = [name]

     type = [type]

     many = [many]

     containment = [containment]

where

Type [type]

    uri=[type.uri]

    name=[type.name]


	@SdoUri([uri]);

@SdoOpenContentProperty(              

       name=[name],

       type=[type.uri]#[type.name],

       many=[many],

       containment=[containment]

       )


3.8 Example of Static SDO interfaces

For the purchase order XSD without any annotations, the following are the minimal Java interfaces:

File PurchaseOrderType.java:

package com.example.myPackage;

@SdoType (

    uri = “http://www.example.com/IPO“)

@SdoOpenContentProperty (

    name = "purchaseOrder"

)

public interface PurchaseOrderType  {

    @SdoProperty(

        containment = true

    )

    Address getShipTo();

    void setShipTo(Address pShipTo);

    @SdoProperty(

        containment = true

    )

    Address getBillTo();

    void setBillTo(Address pBillTo);

    String getComment();

    void setComment(String pComment);

    @SdoProperty(

        containment = true

    ) Items getItems();

    void setItems(Items pItems);

    @SdoProperty(

        type = "http://www.example.com/IPO#MyGregorianDate

    )

    com.sample.xml.datatype.GregorianCalendar getOrderDate();

    void setOrderDate(com.sap.xml.datatype.GregorianCalendar pOrderDate);
}

File Address.java:

package com.example.myPackage;

@SdoType(

    uri = "http://www.example.com/IPO"

)

public interface Address  {

    String getName();

    void setName(String pName);

    String getStreet();

    void setStreet(String pStreet);

    String getCity();

    void setCity(String pCity);

    String getState();

    void setState(String pState);

    java.math.BigDecimal getZip();

    void setZip(java.math.BigDecimal pZip);

    

    @SdoDefault("US")

    String getCountry();

    void setCountry(String pCountry);

}

File Items.java:

package com.example.myPackage;

@SdoType(

    uri = "http://www.example.com/IPO"

)

public interface Items  {

    @SdoProperty(

        containment = true

    )

    java.util.List<com.example.myPackage.Item> getItem();

    void setItem(java.util.List<com.example.myPackage.Item> pItem);

}

File Item.java

package com.example.myPackage;

@SdoType(

    uri = "http://www.example.com/IPO"

)

public interface Item  {

    String getProductName();

    void setProductName(String pProductName);

    @SdoFacets(

       maxExclusive = 100

    )

    java.math.BigInteger getQuantity();

    void setQuantity(java.math.BigInteger pQuantity);

    @SdoProperty(

        name = "USPrice"

    )

    java.math.BigDecimal getUsPrice();

    void setUsPrice(java.math.BigDecimal pUsPrice);

    String getComment();

    void setComment(String pComment);

    String getShipDate();

    void setShipDate(String pShipDate);

    @SdoProperty(

        type = "http://www.example.com/IPO#SKU"

    )

    com.example.SKU getPartNum();

    void setPartNum(com.example.SKU pPartNum);

}

4 Java Serialization of DataObjects 

The DataObject interface extends java.io.Serializable:  DataObjects can be passed, directly or indirectly to Java's serialization mechanism.

Conversely, it is possible to restore DataObjects from an ObjectInputStream.   A Java Implementation of SDO MUST 

assure that when a DataObject is serialized and later restored, then for every DataObject that is directly or indirectly reachable from the

original DataObject, though any combination of property values and calls to getContainer(), the same combination of calls starting from the

restored DataObject yields a DataObject for which the following conditions are met:

1. Comparing both DataObjects using EqualityHelper.equals() returns true.

2. If getChangeSummary() returns null for either of the DataObjects, it returns null for both.
3. If getChangeSummary() does not return null, then when getChangeSummary().undoChanges() is called on both DataObjects and then they are compared using EqualityHelper.equals(), the result will be true.





































































































































5 SDO Model for Types and Properties

The Java model for SDO Types and Properties extends model in the core SDO specification [SDO] with Java-specific properties.

5.1 Java Related Properties

Open content properties in http://docs.oasis-open.org/ns/opencsa/sdo/java/200911 are used when there is a mapping for the Java language. 

The javaClass property is used to set the instanceClass on Types that are defined through the TypeHelper.define API.   It can be set on DataObject of type {http://docs.oasis-open.org/ns/opencsa/sdo/200911}Type and is of type string. 
To load the class named as a parameter to TypeHelper.define(), a Java implementation of SDO MUST use the classloader that is associated with the HelperContext from which the XSDHelper was obtained.  [JAV05010001]  See section 2.20.1: Creating a HelperContext for details.
	http://docs.oasis-open.org/ns/opencsa/sdo/java/200911 property
	Type accessor
	applies to

	javaClass
	getInstanceClass()
	Type


6 Standard SDO Types

These are the predefined SDO Types that are always available from 

TypeHelper typeHelper = SDO.getDefaultHelperContext()..getTypeHelper();

typeHelper.getType(TypeHelper.SDO_URI, String typeName).

6.1 SDO Data Types

This section specifies the default instance classes that are associated with each of the the DataTypes defined by the SDO standard.  For any single valued property for which isSet returns true, and property.getType() returns the SDO type on the left hand side of table 6.1.1, the DataObject.get(property) method MUST return an instance of the Java type in the right hand column. [JAV06010001]
	SDO Type
URI = http://docs.oasis-open.org/ns/opencsa/sdo/200911
	Java instance Class

	Boolean
	boolean

	Byte
	byte

	Bytes
	byte[]

	Character
	char

	Date 
	java.util.Date

	DateTime
	String

	Day
	String

	Decimal
	java.math.BigDecimal

	Double
	double

	Duration
	String

	Float
	float

	Int
	int

	Integer
	java.math.BigInteger

	Long
	long

	Month
	String

	MonthDay
	String

	Object
	java.lang.Object

Behavior is defined only for values that support toString().

	Short
	short

	String
	String

	Strings
	List<String>

	Time
	String

	URI
	String

	Year
	String

	YearMonth
	String

	YearMonthDay
	String


Table 6.1.1
A List containing String values is converted to a String by inserting a space character between each value. A String is converted to List containing String values with contents as defined by the String.split("\\s") method in the JDK, which splits the string on whitespace boundaries.

Additional types have been defined for representing Object wrappers for primitive Java types.  A Java implementation of SDO MUST allow conversion to or from any of these wrapper to the corresponding primitive, and to any type to or from which the primitive can be converted. [JAV06010002] These types are given in the table 6.1.2.

	SDO Java Type
URI = http://docs.oasis-open.org/ns/opencsa/sdo/java/200911
	Java instance Class

	BooleanObject
	java.lang.Boolean

	ByteObject
	java.lang.Byte

	CharacterObject
	java.lang.Character

	DoubleObject
	java.lang.Double

	FloatObject
	java.lang.Float

	IntObject
	java.lang.Integer

	LongObject
	java.lang.Long

	ShortObject
	java.lang.Short


Table 6.1.2
6.1.1 Conversion from java.util.Date to SDO type String

This conversion happens automatically when calling DataObject.setDate() on a property of type String or DataObject.get(String.class) on a property of type Date. A Java Implementation of SDO MUST convert the Date value using the xs:dateTime Schema type canonical String representation for the GMT timezone (see  http://www.w3.org/TR/xmlschema-2/#dateTime-lexical-representation). [JAV06010101] A Java implementation of SDO MUST convert a null Date to a null String. [JAV06010102]
6.1.2 Conversion from SDO type String to SDO type Date

This conversion happens automatically when calling DataObject.set(String.class) on a property of type Date or DataObject.get(Date.class) on a property of type String; the same rules apply for the DataHelper.toDate(String) method. The String value has to be a valid lexical representation for one of the following SDO types: DateTime, Time, YearMonthDay, Year, YearMonth, Month, MonthDay, Day. The conversion happens as follows, according to which of the datatypes the String value represents:

1. DateTime – When converting from DateTime to Date, a Java implementation of SDO MUST create the Date object using the difference in milliseconds between the instant in time represented by the value to be converted and the instant in time represented by the DateTime value “1970-01-01T00:00:00Z” (if the value to be converted doesn’t have time zone information, GMT is assumed). [JAV06010201]
2. Time – When converting from Time to Date, a Java implementation of SDO MUST create the Date object using the difference in milliseconds between the instant in time represented by the value to be converted and the Time instance “00:00:00Z” in any given day (if the value to be converted doesn’t have time zone information, GMT is assumed). [JAV06010202]
3. YearMonthDay, Year, YearMonth, Month, MonthDay, Day – When converting from YearMonthDay, Year, YearMonth, Month, MonthDay or Day to Date, a Java implementation of SDO MUST create the Date object as follows: First, the value is transformed into a DateTime value: 
- the year is set to “1970” for types that don’t have a year component: Month, MonthDay and Day;
- the month is set to “01” (January) for types that don’t have a month component:  Year and Day;
- the day is set to “01” for types that don’t have a day component: Year, YearMonth and Month;
- the time is set to “00:00:00”;
- the time zone is set to GMT, if not present.
Then, the conversion proceeds as in paragraph 1. [JAV06010203]
Null String will be converted to a null Date.
Note: Because in XMLSchema date/time-related types can represent a much wider range of concepts than java.util.Date (which represents a moment in time without time zone information), the conversion is likely to lose information. This conversion is offered as a convenience, but users need to exercise care to ensure that the information loss is acceptable.

6.1.3 Conversion from a String-based SDO Date/Time type to Calendar

This conversion is performed by methods in the DataHelper class: DataHelper.toCalendar(String) and DataHelper.toCalendar(String, Locale). The String value has to be a valid lexical representation for one of the following SDO types: DateTime, Time, YearMonthDay, Year, YearMonth, Month, MonthDay, Day. When converting from a String-based Date/Time type to Calendar, a Java implementation of SDO MUST set the fields in the Calendar based on the the type that the String represents, leaving the remaining fields  unset. [JAV06010301] If the timezone is not set in a String-based Date/Time representation, the SDO implementation MUST leave the Calendar.ZONE_OFFSET field unset. [JAV06010302]
Notes: 

1. Users are advised to exercise caution when using the resulting Calendar object, since operations on the Calendar (for instance getTime()) might cause certain fields to be recomputed or automatically set, thus in effect changing the original value in a non-reversible way. See the documentation for java.util.Calendar for additional information.

2. In XMLSchema, the precision of the fractional second part is arbitrary, while in java.util.Calendar, the precision is only up to the millisecond level. As such, some values might lose precision when converted to Calendar if their initial precision was beyond milliseconds.

3. The Calendar obtained after such a conversion is proleptic Gregorian (as per XMLSchema convention), meaning that the Gregorian rules extend to all dates in the past, including dates prior to 1582 (there is no Julian/Gregorian cutoff date).
6.1.4 Conversion from Calendar to a String-based SDO Date/Time type

This conversion is performed by methods in the DataHelper class: DataHelper.toDateTime(Calendar), DataHelper.toTime(Calendar), DataHelper.toDay(Calendar calendar), DataHelper.toMonth(Calendar), DataHelper.toMonthDay(Calendar), DataHelper.toYear(Calendar), DataHelper.toYearMonth(Calendar), DataHelper.toYearMonthDay(Calendar).  When converting from Calendar to a Date/Time type, a Java implementation of SDO MUST extract the required fields implied from the given Calendar and then use them to create a valid lexical representation for the corresponding SDO datatype (DateTime, Time, Day, Month, MonthDay, Year, YearMonth, YearMonthDay respectively). [JAV06010401] If some of the fields are unset in the given Calendar, the result is undefined.

6.1.5 Conversion from SDO Date to a String-based SDO Date/Time type

This conversion is performed by methods in the DataHelper class: DataHelper.toDateTime(Date), DataHelper.toTime(Date), DataHelper.toDay(Date), DataHelper.toMonth(Date), DataHelper.toMonthDay(Date), DataHelper.toYear(Date), DataHelper.toYearMonth(Date), DataHelper.toYearMonthDay(Date). When converting from Date to a Date/Time type, a Java implementation of SDO MUST convert the Date into a Calendar first using the setTime() method on the Calendar with the timezone set to the GMT timezone then proceed as per section 6.1.4. If the target type is Day, Month, MonthDay, Year, YearMonth or YearMonthDay, the implementation MUST remove the timezone information from the result. [JAV06010501]
6.1.6 Conversion from String to a String-based SDO Date/Time type

This conversion is performed when calling set (String.class) on a property of one of the SDO Date/Time types. When converting from String to a Date/Time type, a Java implementation of SDO MUST leave the value unchaned if the String value is a valid lexical representation of the target type.  The conversion is undefined if the String is not a valid representation of the target type.  [JAV06010601]
6.2 SDO Abstract Types

The following types may not be instantiated. They describe metadata for DataObjects, Types, and Properties. Types that may not be instantiated throw IllegalArgumentException from all create() methods. 

	SDO Abstract Type
URI = http://docs.oasis-open.org/ns/opencsa/sdo/200911
	Java instance Class

	ChangeSummaryType

  abstract=true

  dataType=true
ChangeSummaries are instances.
	org.oasisopen.sdo.ChangeSummary

	DataObject

  abstract=true

DataObjects are instances.
	org.oasisopen.sdo.DataObject

	Object

  abstract=true

  dataType=true

  isInstance() = true

	java.lang.Object

Values must support toString() for String value


6.3 SDO Type and Property constraints

There are some additional restrictions on SDO Types and Properties. These restrictions ensure Types and Properties for DataObjects are consistent with their API behavior.

· Instances of Types with dataType=false implement the DataObject interface and isInstance(DataObject) returns true.  

· If a Type's instance Class is not null, isInstance(DataObject) can only be true when instanceClass.isInstance(DataObject) is true.

· Instance classes in Java have to mirror the extension relationship of the base Types.

7 XML Schema to SDO Mapping

The XSD to SDO Types and Properties mappings described in XML Schema to SDO Mapping of [SDO] are extened with the additional principles outlined below.

7.1 Mapping Principles

Mapping XML Schema to Java is conceptually a two-step process: first the schema is mapped to SDO constructs (as specified in [SDO]) then the SDO constructs are mapped to Java constructs (as described in Chapters 3 and 6 of this document).  The following table summarizes these mappings. 

	XML Schema Concept
	SDO Concept
	Java Concept

	Target Namespace
	URI for Types
	Package

	Simple Type
	Type, dataType=true

SDO data types 
	Primitives, String, BigDecimal, etc.

	Complex Type
	Type, dataType=false

SDO DataObjects
	Interface

	Attribute
	Property within enclosing Type
	getX(), setX() accessors

	Element
	Property within enclosing Type
	getX(), setX() accessors


7.2 Mapping of XSD to SDO Types and Properties

Some customizations can be used to improve the mapping to the Java representation of SDO. This is expressed as attributes in the SDO namespace for Java, "http://docs.oasis-open.org/ns/opencsa/sdo/java/200911". The following XSD attributes in the SDO Java namespace are used to modify the constructed SDO model:

1. package - sets the Java package name to be the full Java package name specified.  When @package is specified on a schema element, a Java implementation of SDO MUST, for each complex type in the schema, search the package to find a corresponding class, and, if the class is compatible according to the rules in Chapter 3, use the class as the static SDO instanceClass associated with the type. Classes are looked up and loaded using the classloader associated with the HelperContext from which the XSDHelper was obtained. See section 2.20.1: Creating a HelperContext for details.  This annotation might also be used by Java code generators to determine the package for the generated interfaces.  

2. instanceClass - sets the Java instanceClass for the SimpleType to be the full class name specified.  Enables custom classes that can implement behavior appropriate to a specific type. The instance class must have a public String constructor for creating values, and the toString() method will be used to convert the instances to their XML representation. The instance class specified does not extend the base instance instance class in Java. An SDO Type with this specification does not have base Types. Classes are looked up and loaded using the classloader associated with the HelperContext from which the XSDHelper was obtained. See section 2.20.1: Creating a HelperContext for details. 
3. extendedInstanceClass - same as instanceClass except that the instance class specified is required to extend the base Type's instance class in Java. The SDO base Type relationship follows the schema base type relationship. The XSD type of the annotation is string.

4. nestedInterfaces - sets the nesting of anonymous complex types when generating Java code.  Applies to the Schema element.  When absent, the implementation may select either nested or non-nested interface generation. When present and true, nested interfaces are generated. When present and false, non-nested interfaces are generated. An implementation is only required to support generation of one style. The annotation has no effect on the name of Types or interfaces, which are the same whether nested or not, and unique within a URI or package.  Included schemas must have the same value (true, false, or absent) as the including schema. Imported schemas may have different values. The XSD type of this annotation is boolean.

In all tables, SDO Type and Property values that are not shown default to false or null, as appropriate. [URI] is the targetNamespace. Use sdox:name to override the names as desired.

7.2.1 XML Simple Types

Java implementations of SDO extend the model described in [SDO] by adding the property “instanceClass” to types.  All SDO data types have an instance class.  The XSD SimpleType construct maps to SDO’s data types, thus, it is necessary to provide rules for how the instanceClass is derived from a SimpleType.  When deriving Simple Types by restriction, the base for the SDO Type follows the XSD SimpleType restriction base, unless an sdoj:instanceClass is declared, which causes there to be no base relationship.

All simple types created by the XSDHelper MUST have the value of the (http://docs.oasis-open.org/ns/opencsa/sdo/java/200911) javaClass property for the SDO Type set to the given instance Class column.  [JAV07020101] 
When the XSD type is integer, positiveInteger, negativeInteger, nonPositiveInteger, nonNegativeInteger, long, or unsignedLong, and there are facets (minInclusive, maxInclusive, minExclusive, maxExclusive, totalDigits or enumeration) constraining the range to be within the range of int, then a Java implementation of SDO MUST use int as the generated type’s instanceClass, and set the type’s base type to null, unless the base Type's instance class is also int. [JAV07020102]
When determining the instanceClass of types defined from XSD SimpleTypes, a Java Implementation of SDO MUST use the mapping in table 7.2.1. [JAV07020103]
	XML Simple Types
	Java Instance Class

	Simple Type

<simpleType name=[NAME]>

  <restriction base=[BASE]/>

</simpleType>
	[BASE].instanceClass

	Simple Type with sdoj:instanceClass

<simpleType name=[NAME]

  sdoj:instanceClass = 

      [INSTANCE_CLASS]>

</simpleType>
	[INSTANCE_CLASS]

	Simple Type with sdoj:extendedInstanceClass

<simpleType name=[NAME]

  sdoj:extendedInstanceClass =  [INSTANCE_CLASS]>

  <restriction base=[BASE]/>

</simpleType>
	[INSTANCE_CLASS]

	Simple Type with list of itemTypes

<simpleType name=[NAME]>

  <list itemType=[BASE] />

</simpleType>
	java.util.List

Entries in the List are of type
[BASE].instanceClass

	Simple Type with union

<simpleType name=[NAME]>

  <union memberTypes=[TYPES]/>

</simpleType>
	[TYPE].instanceClass

if all member types have the same SDO instanceClass where [TYPE] is the first SDO Type from [TYPES].
java.lang.Object

otherwise


Table 7.2.1
7.2.2 XML Complex Types
If the @package annotation is not present in the <schema> element, no instanceClass will be assocatiated with the SDO type derived from the schema’s complex types. When determining the instanceClass of types defined from XSD Complex Types, a Java Implementation of SDO MUST use the mapping in table 7.2.2. [JAV07020201]
	XML Complex Types
	Java Instance Class

	<schema 

  sdoj:package="[PACKAGE]">
  <complexType name=[NAME] />

</schema>
	package [PACKAGE]; 

public interface [NAME]



	<schema 

  sdoj:package="[PACKAGE]">
<complexType name=[NAME] 

  sdox:name=[SDO_NAME] />

</schema>
	package [PACKAGE]; 

public interface [SDO_NAME]

	<schema 

  sdoj:package="[PACKAGE]">
  <complexType name=[NAME] />

        <element name="[PROPERTY]">

              <complexType/>

        </element>

   </complexType>

</schema>
	package [PACKAGE]; 

public interface [NAME] {

     interface [PROPERTY] {};

     [PROPERTY] get[PROPERTY]();

     Void set[PROPERTY]([PROPERTY] p);

}




Table 7.2.2
7.3 Mapping of XSD Built in Data Types

When mapping from XSD types that correspond to SDO types whose instanceClass is a primitive Java type, a Java implementation MAY use either the SDO Type defined in [sdo] or the corresponding wrapper type, as defined in  6.1: SDO Data Types. [JAV07030001] The choice is made at the discretion of the implementation. The actual Type selected is set in property.type, enabling reflective access to the information.
	SDO Type
	XSD Type

	Boolean or BooleanObject
	boolean

	Byte or ByteObject
	byte

	Character or CharacterObject
	string

	Double or DoubleObject
	double

	Float or FloatObject
	float

	Int or IntObject
	int

	Long or LongObject
	long

	Short or ShortObject
	short


7.3.1 Dates

SDO chose java.util.Date and java.lang.String as the instance classes for Date types because they are the simplest classes sufficient to enable technology-independent scenarios. java.util.Date is effectively a simple numeric value without behavior, a concept that is widely used as the underlying indicator of absolute time across languages and operating systems. The string representations are from XML Schema and easy to convert to other representations.

Operating on Date values, such as applying calendar, time zone, order, duration, and locale settings, is best left to helper and utility classes, such as GregorianCalendar, XMLGregorianCalendar, and SimpleDateFormat. The implementation cost of java.util.Date and java.lang.String is far lower than the calendar classes, which have more fields than most of the DataObjects that will contain them. In the case where Date and java.lang.String are insufficient, sdox:dataType can be used to override the datatype to one with a custom implementation class.

7.4 Examples of XSD to SDO Mapping

7.4.1 Example of sdo annotations

This example shows the use of sdox:string, sdox:dataType, sdoj:package, and sdoj:instanceClass

<schema targetNamespace="http://www.example.com/IPO"

        xmlns="http://www.w3.org/2001/XMLSchema"

        xmlns:ipo="http://www.example.com/IPO"

        xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911"

        xmlns:sdox=”http://docs.oasis-open.org/ns/opencsa/xml/200911”

        xmlns:sdoj="http://docs.oasis-open.org/ns/opencsa/sdo/java/200911"

        sdoj:package="com.example.myPackage">

 <complexType name="PurchaseOrderType" >

  <sequence>

   <element name="shipTo"     type="ipo:Address"/>

   <element name="billTo"     type="ipo:Address"/>

   <element ref="ipo:comment" minOccurs="0"/>

   <element name="items"      type="ipo:Items"/>

  </sequence>

  <attribute name="orderDate" 

             type="date" sdox:dataType="ipo:MyGregorianDate"/>

 </complexType>

 <complexType name="Items">

  <sequence>

   <element name="item" minOccurs="0" maxOccurs="unbounded">

    <complexType sdox:name="Item">

     <sequence>

      <element name="productName" type="string"/>

      <element name="quantity" sdox:dataType="sdo:Int">

       <simpleType>

        <restriction base="positiveInteger">

         <maxExclusive value="100"/>

        </restriction>

       </simpleType>

      </element>

      <element name="USPrice"    type="decimal"/>

      <element ref="ipo:comment" 

               minOccurs="0" sdox:aliasName="itemComment"/>

      <element name="shipDate"

               type="date" minOccurs="0" sdox:string="true"/>

     </sequence>

     <attribute name="partNum" type="ipo:SKU" use="required"/>

    </complexType>

   </element>

  </sequence>

 </complexType>

 <simpleType name="MyGregorianDate"

     sdoj:instanceClass="com.example.MyCalendarClass">

  <restriction base="dateTime"/>

 </simpleType>

 <simpleType name="SKU" sdoj:instanceClass="com.example.SKU">

  <restriction base="string">

   <pattern value="\d{3}-[A-Z]{2}"/>

  </restriction>

 </simpleType>

</schema>

8  Generation of XSD from SDO Type and Property

The Java specification extends the generation described in Generation of XSD from SDO Type and Property of [SDO] with some Java specific attributes.

As described in [SDO], a schema element is generated with a target namespace determined by the URI of the Types that will be defined in the schema. If the Types have associated static Java interfaces, then the additional sdoj:package attribute will be present in the generated schema declaration.

·  [JAVA_PACKAGE] is defined by Type.getInstanceClass().getPackage().toString().

	SDO
	XSD Schema

	
	<xsd:schema 

  xmlns:xsd="http://www.w3.org/2001/XMLSchema" 

  xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911"

  xmlns:sdoj="http://docs.oasis-open.org/ns/opencsa/sdo/java/200911">

	[JAVA_PACKAGE]
	  sdoj:package=[JAVA_PACKAGE]


For each generated SimpleType whose instance class is not the same as that of its base class, a Java Implementation of SDO MUST generate a  the attribute, [JAVA_INSTANCE_CLASS], setting the value to type.getInstanceClass().getName(). 

[JAV08000001]

	SDO Type
	XSD SimpleType

	
	<xsd:simpleType name=[NAME]>

	[JAVA_INSTANCE_CLASS]
	  sdoj:instanceClass=[JAVA_INSTANCE_CLASS]


9 Conformance

This specification identifies an SDO implementation as its only conformance target.

9.1 SDO Implemenation

An implementation that claims to conform to the requirements of this specification MUST meet the conditions:

1. The implementation MUST comply with all mandatory statements listed in Conformance Items.

9.1.1 Optional Items

In addition to mandatory items Conformance Items lists a number of non-mandatory items that can be implemented by a compliant implementation.
A. Examples

The examples given here assume the use a Data Access Service (DAS) to load and save a data graph from and to some data storage. The DAS is referenced here to provide a concrete way of illustrating the objects in the graph and to show the effects of operations on the graph in a standard, easily understood format. 

The examples covered here include:

5. Accessing DataObjects using 
6. Accessing DataObjects via Property Index
7. Accessing the Contents of a Sequence
8. Serializing/Deserializing a DataObject
9. Using Type and Property with DataObjects
10. Creating XML from Data Objects
11. Creating open content XML documents
12. Web Services Client using XMLHelper 

13. Web service and Data Graph Example
The example model is a Company with a Department containing several Employees.
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Figure 5: Data Model for Company

The XSD for the Company model is shown in the Appendix (Complete Data Graph for Company Example) of [SDO].

A.1 Accessing DataObjects using SDO Path

We can use the XMLHelper to load DataObjects representing a company in a data graph from the following XML file (SN is an XML ID):

<sdo:datagraph xmlns:company="company.xsd" 

               xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911">

  <company:company name="ACME" employeeOfTheMonth="E0002">

    <departments name="Advanced Technologies" location="NY" number="123">

      <employees name="John Jones" SN="E0001"/>

      <employees name="Mary Smith" SN="E0002" manager="true"/>

      <employees name="Jane Doe" SN="E0003"/>

    </departments>

  </company:company>

</sdo:datagraph>

(This XML conforms to the company model defined in Complete DataGraph for Company Example of [SDO].)

The examples show how to use DataObjects and the XMLHelper.

    // Load and access the company DataObject from 

    // the "company" property of the data graph.

    DataObject datagraph = 

        SDO.getDefaultHelperContext().getXMLHelper()

            .load(stream).getRootObject();

    DataObject company = datagraph.get (DataObject.class,"company");

If we wish to change the name of the company DataObject from “ACME” to “MegaCorp”, we could use the following:

    // Set the "name" property for the company

    company.set (String.class, "name", " MegaCorp");

Now, suppose we wish to access the employee whose serial number is “E0002”. If we know that this employee is located at index 1 within the department that is located at index 0 within the company object, one way to do this is by traversing each reference in the data graph and locating each DataObject in the many-valued department property using its index in the list. For example, from the company, we can get a list of departments, from that list we can get the department at index 0, from there we can get a list of employees, and from that list we can get the employee at index 1.

    // Get the list of departments 

    List departments = company.getList("departments");

    // Get the department at index 0 on the list

    DataObject department = (DataObject) departments.get(0);

    // Get the list of employees for the department

    List employees = department.getList("employees");

    // Get the employee at index 1 on the list

    DataObject employeeFromList = (DataObject) employees.get(1);    

Alternatively, we can write a single SDO Path expression that directly accesses the employee from the root company.

    // Alternatively, an SDO Path expression can find objects

    // based on positions in lists:

    DataObject employeeFromSDOPath = 

        company.get (DataObject.class, "departments[1]/employees[2]");
Otherwise, if we don’t know the relative positions of the department and employee DataObjects, but we do know that the value number attribute of the department is “123”, we can write an SDO Path expression that accesses the employee DataObject using the appropriate values:

    // Get the same employee using an SDO Path expression 

    // starting from the company

    DataObject employeeFromSDOPathByValue = company.get (DataObject.class, 
        "departments[number=123]/employees[SN='E0002']");

In order to remove that employee from the data graph, we could use:


// remove the employee from the graph


employeeFromList.detach();

And, finally, to create a new employee:


// create a new employee


DataObject newEmployee = 

              department.createDataObject("employees");


newEmployee.set("name", "Al Smith");


newEmployee.set("SN", "E0004");


newEmployee.setBoolean("manager", true);


// Reset employeeOfTheMonth to be the new employee


company.set("employeeOfTheMonth", newEmployee);

 After saving with the XMLHelper, the resulting XML file would contain:

SDO.getDefaultHelperContext().getXMLHelper().save(datagraph, "http://docs.oasis-open.org/ns/opencsa/sdo/200911", "datagraph", stream);

<sdo:datagraph xmlns:company="company.xsd" 

               xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911">

  <changeSummary create="E0004" delete="E0002"> 

    <company sdo:ref="#/company:company[1]" 

             name="ACME" employeeOfTheMonth= "E0002"/>

    <departments sdo:ref="#/company:company[1]/departments[1]">

      <employees sdo:ref="E0001"/>

      <employees name="Mary Smith" SN="E0002" manager="true"/>

      <employees sdo:ref="E0003"/>

    </departments>

  </changeSummary>

  <company:company name="MegaCorp" employeeOfTheMonth="E0004">

    <departments name="Advanced Technologies" 

                 location="NY" number="123">

      <employees name="John Jones" SN="E0001"/>

      <employees name="Jane Doe" SN="E0003"/>

      <employees name="Al Smith" SN="E0004" manager="true"/>

    </departments>

  </company:company>

</sdo:datagraph>

The ChangeSummary provides an overview of the changes that have been made to the data graph. The ChangeSummary contains DataObjects as they appeared prior to any modifications and includes only those objects and properties that have been modified or deleted or which are referenced by a property that was modified. The sdo:ref attribute is used to map DataObjects, in the ChangeSummary, back to the corresponding DataObjects in the data graph. Note that DataObjects without IDs are referenced using an XPath expression. See ChangeSummary XML format of [SDO] for details.

In this example, the name property of the Company object was changed, so the original company name is shown in the ChangeSummary. However, the name of the Department object was not changed and therefore the department name does not appear. The employees property of the Department object did change (one Employee was added and one Employee was deleted) so the summary includes the list of all the original employees. In the case of the Employee that was deleted, all the properties are displayed in the summary. Employees that have not changed include the sdo:ref attribute, but the unchanged properties of these employees are not displayed. 

All of the DataObjects in this particular example have been affected or referenced by some change, so the ChangeSummary includes references to all of the objects in the original data graph. In another situation where only a few DataObjects from a large data graph are modified, the ChangeSummary would include only small subset of the overall data graph. 

Note: The serialized data graph can also have optional elements that describe the model and change information. These elements have been omitted in the output shown above. The complete serialization of this data graph is shown in Complete data graph for Company Example of [SDO].

A.2 Accessing DataObjects via Property Index

In the previous section, all the fields in a DataObject were specified using SDO Path strings, where each string was derived from the name of a property. It is also possible to access fields using the index of each property.

The following example has the same effect as the previous example. The indexes for the properties are represented as int fields. The values are derived from the position of properties as defined in the company.

  
// Predefine the property indexes


int ROOT_COMPANY = 0;


int COMPANY_DEPARTMENT = 0;


int COMPANY_NAME = 1;


int DEPARTMENT_EMPLOYEES = 0;


int EMPLOYEE_NAME = 0;


int EMPLOYEE_SN = 1;


int EMPLOYEE_MANAGER = 2;

  // Load and access the company DataObject from 

  // the "company" property of the data graph.

  DataObject datagraph =

                 SDO.getDefaultHelperContext().getXMLHelper()

                    .load(stream).getRootObject();

  DataObject company = datagraph.get (DataObject.class,"company");


// Set the "name" property for the company


company.set (String.class, COMPANY_NAME, "MegaCorp");


// Get the list of departments 


List departments = company.getList(COMPANY_DEPARTMENT);


// Get the department at index 0 on the list


DataObject department = (DataObject) departments.get(0);


// Get the list of employees for the department


List employees = department.getList(DEPARTMENT_EMPLOYEES);


// Get the employee at index 1 on the list


DataObject employeeFromList = (DataObject) employees.get(1);


// remove the employee from the graph


employeeFromList.detach();


// create a new employee


DataObject newEmployee = 

                department.createDataObject(DEPARTMENT_EMPLOYEES);


newEmployee.set(EMPLOYEE_NAME, "Al Smith");


newEmployee.set(EMPLOYEE_SN, "E0004");


newEmployee.setBoolean(EMPLOYEE_MANAGER, true);

A.3 Accessing the Contents of a Sequence 

The following code uses the Sequence interface to analyze the contents of a data graph that conforms to the Letter model. (The definition of this model is shown in the appendix.) This code first goes through the Sequence looking for unformatted text entries and prints them out. Then the code checks to verify that the contents of the “lastName” property of the DataObject matches the contents of the same property of the Sequence:

public static void printSequence(DataObject letter)

{


// Access the Sequence of the FormLetter


Sequence letterSequence = letter.getSequence();


// Print out all the settings that contain unstructured text


System.out.println("Unstructured text:");


for (int i=0; i<letterSequence.size(); i++)


{



Property property = letterSequence.getProperty(i);



if (property == null)



{




String text = (String) letterSequence.getValue(i);




System.out.println("\t("+text+")");



}


}


// Verify that the lastName property of the DataObject has the same 


// value as the lastName property for the Sequence. 



String dataObjectLastName = letterDataObject.get (String.class, "lastName");


for (int i=0; i<letterSequence.size(); i++)


{



Property property = letterSequence.getProperty(i);



if (property != null && "lastName".equals(property.getName()))



{




String sequenceLastName = (String)letterSequence.getValue(i);




if (dataObjectLastName == sequenceLastName)





System.out.println("Last Name property matches");




break;



}


}

}

Given the following XML file is loaded to produce a data graph that is passed to the above method:

  <letter:letters xmlns:letter="http://letterSchema">

    <date>August 1, 2003</date>

    Mutual of Omaha

    Wild Kingdom, USA

    Dear

    <firstName>Casy</firstName>

    <lastName>Crocodile</lastName>

    Please buy more shark repellent.

    Your premium is past due.

  </letter:letters>

(Note: this XML conforms to the schema defined in XSD Schema for Letter Model of [SDO].)

The output of this method would be:

Unstructured text:

(Mutual of Omaha)


(Wild Kingdom, USA)


(Dear)


(Please buy more shark repellent.)


(Your premium is past due.)

Last Name property matches
A.4 Serializing/Deserializing a DataObject

The DataObject interface extends java.io.Serializable, so any DataObject can be serialized. For example, the following code can be used to serialize a given DataObject into a file with a given name:


public void serializeDO(DataObject DataObject, String fileName) 

      throws IOException


{



// serialize data object 



FileOutputStream fos = new FileOutputStream(fileName);



ObjectOutputStream out = new ObjectOutputStream(fos);



out.writeObject(DataObject);



out.close();


}

The following code can be used to deserialize a DataObject from a file with a given name:


public DataObject deserializeDO(String fileName) 

      throws IOException, ClassNotFoundException


{



// de-serialize



FileInputStream fis = new FileInputStream(fileName);



ObjectInputStream input = new ObjectInputStream(fis);



DataObject DataObject = (DataObject) input.readObject();



input.close();



return DataObject;


}

A.5 Using Type and Property with DataObjects

The Type interface provides access to the metadata for DataObjects in a data graph. To obtain the Type for a DataObject, use the getType() method.

For example, consider the printDataObject method shown below. This method prints out the contents of a DataObject. Each property is displayed metadata, accessed dynamically, using Type and Property.


public void printDataObject(DataObject dataObject, int indent) {


   // For each Property


   List properties = dataObject.getInstanceProperties();


   for (int p=0, size=properties.size(); p < size; p++) {



if (dataObject.isSet(p)) {

             Property property = (Property) properties.get(p);



    if (property.isMany())
{




// For many-valued properties, process a list of values




List values = dataObject.getList(p);




for (int v=0, count=values.size(); v < count; v++) {





printValue(values.get(v), property, indent);




}



   } else {




// For single-valued properties, print out the value




printValue(dataObject.get(p), property, indent);



   }



}


    }


}


void printValue(Object value, Property property, int indent) {


    // Get the name of the property


    String propertyName = property.getName();


    // Construct a string for the proper indentation


    String margin = "";


    for (int i = 0; i < indent; i++)



 margin += "\t";



 if (value != null && property.isContainment()) {

             // For containment properties, display the value 

    
    // with printDataObject



    Type type = property.getType();



    String typeName = type.getName();



    System.out.println(margin + propertyName + " (" +typeName+ "):");



    printDataObject((DataObject) value, indent + 1);



 }



 else {



    // For non-containment properties, just print the value



    System.out.println(margin + propertyName + ": " + value);



}

      }


}

For example, consider the following XML file:

<sdo:datagraph xmlns:company="company.xsd" 

               xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911">

  <company:company name="ACME" employeeOfTheMonth="E0002">

    <departments 

            name="Advanced Technologies" location="NY" number="123">

      <employees name="John Jones" SN="E0001"/>

      <employees name="Mary Smith" SN="E0002" manager="true"/>

      <employees name="Jane Doe" SN="E0003"/>

    </departments>

  </company:company>

</sdo:datagraph>

(Note: this XML conforms to the company model XSD defined in Complete Data Graph for Company Example of [SDO].)

If this file is loaded using XMLHelper, the resulting data graph could be printed out using:



printDataObject(dataGraphRootObject, 0);

The console output for this data graph would be:

company (Company):

name: ACME

departments (Department):


name: Advanced Technologies


location: NY


number: 123


employees (Employee):



name: John Jones



SN: E0001


employees (Employee):



name: Mary Smith



SN: E0002



manager: true


employees (Employee):



name: Jane Doe



SN: E0003

employeeOfTheMonth: Employee (name=Mary Smith, SN=E0002,

             manager=true, employeeStatus=fullTime)
A.6 Creating XML from Data Objects

The following code will create and save a purchase order, as shown in the XSD primer. This example makes use of DataFactory and XMLHelper, and we assume that the type PurchaseOrderType as well as the global property “purchaseOrder” have already been defined in the IPO namespace:

    HelperContext helperContext = SDO.getDefaultHelperContext();

    DataObject purchaseOrder = 

      helperContext.getDataFactory()

         .create("http://www.example.com/IPO", "PurchaseOrderType");

    purchaseOrder.set (String.class, "orderDate", "1999-10-20");

    DataObject shipTo = purchaseOrder.createDataObject("shipTo");

    shipTo.set("country", "US");

    shipTo.set("name", "Alice Smith");

    shipTo.set("street", "123 Maple Street");

    shipTo.set("city", "Mill Valley");

    shipTo.set("state", "CA");

    shipTo.setString(String.class, "zip", "90952");

    DataObject billTo = purchaseOrder.createDataObject("billTo");

    billTo.set("country", "US");

    billTo.set("name", "Robert Smith");

    billTo.set("street", "8 Oak Avenue");

    billTo.set("city", "Mill Valley");

    shipTo.set("state", "PA");

    billTo.set (String.class, "zip", "95819");

    purchaseOrder.set("comment", "Hurry, my lawn is going wild!");

    DataObject items = purchaseOrder.createDataObject("items");

    DataObject item1 = items.createDataObject("item");

    item1.set("partNum", "872-AA");

    item1.set("productName", "Lawnmower");

    item1.setInt("quantity", 1);

    item1.set (String.class, "USPrice", "148.95");

    item1.set("comment", "Confirm this is electric");

    DataObject item2 = items.createDataObject("item");

    item2.set("partNum", "926-AA");

    item2.set("productName", "Baby Monitor");

    item1.setInt("quantity", 1);

    item2.set (String.class, "USPrice", "39.98");

    item2.set (String.class, "shipDate", "1999-05-21");

    OutputStream stream = new FileOutputStream("myPo.xml");

    helperContext.getXMLHelper().save(purchaseOrder, 

      "http://www.example.com/IPO", "purchaseOrder", stream);

The following output is created:

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

<ipo:purchaseOrder orderDate="1999-10-20" 

               Xmlns:ipo="http://www.example.com/IPO">

  <shipTo country="US">

    <name>Alice Smith</name>

    <street>123 Maple Street</street>

    <city>Mill Valley</city>

    <state>CA</state>

    <zip>90952</zip>

  </shipTo>

  <billTo country="US">

    <name>Robert Smith</name>

    <street>8 Oak Avenue</street>

    <city>Mill Valley</city>

    <state>PA</state>

    <zip>95819</zip>

  </billTo>

  <comment>Hurry, my lawn is going wild!</comment>

  <items>

    <item partNum="872-AA">

      <productName>Lawnmower</productName>

      <quantity>1</quantity>

      <USPrice>148.95</USPrice>

      <comment>Confirm this is electric</comment>

    </item>

    <item partNum="926-AA">

      <productName>Baby Monitor</productName>

      <USPrice>39.98</USPrice>

      <shipDate>1999-05-21</shipDate>

    </item>

  </items>

</ipo:purchaseOrder>

Note that in the above example, the type of DataObject created (PurchaseOrderType) matched the declared type of the global element (purchaseOrder). If we had instead created an instance of a subtype (extension) of PurchaseOrderType:

   DataObject purchaseOrder = 

      SDO.getDefaultHelperContext().getDataFactory()

         .create(http://www.example.com/IPO, "ExtendedPurchaseOrderType");

In this case, the serialized root element would have included an xsi:type attribute to identify the actual type used:

<ipo:purchaseOrder xsi:type=”ExtendedPurchaseOrderType”

               orderDate="1999-10-20" 

               xmlns:ipo="http://www.example.com/IPO">

The same applies for any serialized element where a property value was set to a subtype of the property’s declared type.

A.7 Creating open content XML documents

Open content is often used when a DataObject allows new Properties to be used even when they are not known in advance.  This occurs often in XML, for example in Web Services where a SOAP envelope is used to wrap contents specific to web service invocations.  In the case of SOAP, an Envelope element contains a Body element and the Body element has open content to allow any element inside.  This example shows how to make DataObjects for the SOAP Envelope and Body and place inside a Purchase Order.

// Create a SOAP envelope and body

HelperContext helperContext = SDO.getDefaultHelperContext();

String soap = "http://schemas.xmlsoap.org/wsdl/soap/";

DataObject envelope = helperContext.getDataFactory().create(soap, "Envelope");

DataObject body = envelope.createDataObject("Body");

// The Body is open content.

// Create a purchase order using the XML global element purchaseOrder

Property poProperty = helperContext.getXSDHelper().getGlobalProperty(null, 

                                             "purchaseOrder", true);

DataObject po = body.createDataObject(poProperty);

// fill out the rest of the purchase order

po.set("orderDate", "2005-06-10");

// ...

If the purchase order already existed, instead of calling body.create(), call body.set().

body.set(poProperty, existingPo);

Using the purchase order in a web service and getting the results is straightforward, by invoking the web service and then extracting from the return soap envelope the result purchase order.

DataObject resultEnvelope = WebService.invoke(

   po, "http://werbservices.org/purchaseOrder", soap, "Envelope");

// Get the purchase order from the result envelope

DataObject resultPo = 

   resultEnvelope.get (DataObject.class,"Body/purchaseOrder");

A.8 Web Services Client using XMLHelper

A simple web services client can be built around the XMLHelper.  In this web service client, an input DataObject representing an XML document is POSTed using the XMLHelper, and the returning XML document is returned to the caller as a DataObject.  More advanced web service clients would be interested in the SOAP header.

public static DataObject invoke(DataObject input, String serviceUri,

    String rootElementURI, String rootElementName)  throws IOException

{

  URL address = new URL(serviceUri);

  HttpURLConnection connection = 

    (HttpURLConnection) address.openConnection();

  XMLHelper xmlHelper = SDO.getDefaultHelperContext().getXMLHelper();

  if (input != null)

  {

    connection.setRequestMethod("POST");

    connection.setDoOutput(true);

    connection.addRequestProperty("Content-Type", 

      "text/xml; charset=utf-8");

    OutputStream os = connection.getOutputStream();

    // Add the XML document to the request

    xmlHelper.save(input, rootElementURI, 

                            rootElementName, os);

    os.flush();

  }

  // invoke the service

  connection.connect();

  int code = connection.getResponseCode();

  if (code != HttpURLConnection.HTTP_OK)

  {

    throw new IOException("HTTP "+code+" "+ 

        connection.getResponseMessage());

  }

  InputStream is = connection.getInputStream();

  // Return the root DataObject from the web service response

  DataObject output = xmlHelper.load(is).getRootObject();

  return output;

}

A.9 Web service and Data Graph Example

Data graphs can be used in Web services by passing the <datagraph> element in the body of a soap message. For example, the data graph in these examples could be included in a soap body sent on the wire in a web service invocation.

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

<soap:Envelope xmlns:soap="http://schemas.xmlsoap.org/soap/">


<soap:Header/>


<soap:Body>

    <sdo:datagraph 

      xmlns:company="company.xsd" 

      xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911">

      <company:company name="ACME" employeeOfTheMonth="E0002">

        <departments name="Advanced Technologies" 

                     location="NY" number="123">

          <employees name="John Jones" SN="E0001"/>

          <employees name="Mary Smith" SN="E0002" manager="true"/>

          <employees name="Jane Doe" SN="E0003"/>

        </departments>

      </company:company>

    </sdo:datagraph>


</soap:Body>

</soap:Envelope>

The SDO BaseDataGraphType allows any root DataObject to be included with the “any” element declaration. To constrain the type of root DataObject in DataGraph XML, an extended DataGraph, CompanyDataGraph, can be declared that restricts the type to a single expected kind, CompanyType. The XSD declaration is from the appendix Complete DataGraph for Company Example of [SDO].

<xsd:element name="company" type="company:CompanyType"/>

<xsd:complexType name="CompanyType">

  <xsd:sequence>

    <xsd:element name="departments" 

                 type="company:DepartmentType" maxOccurs="unbounded"/>

  </xsd:sequence>

  <xsd:attribute name="name" type="xsd:string"/>

  <xsd:attribute name="employeeOfTheMonth" type="xsd:string"/>

</xsd:complexType>

This example shows a companyDataGraph with a CompanyType root DataObject. These XSD declarations define a CompanyDataGraph extending SDO BaseDataGraphType with CompanyType as the type of root DataObject instead of any.

<element name="companyDatagraph" type="company:CompanyDataGraphType"/>

<complexType name="CompanyDataGraphType">

  <complexContent>

    <extension base="sdo:BaseDataGraphType">

      <sequence>

        <element name="company" type="company:CompanyType"/>

      </sequence>

    </extension>

  </complexContent>

</complexType>

This ensures that only the company element can appear as the root DataObject of the data graph. The SOAP message for the companyDatagraph is:

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

<soap:Envelope xmlns:soap="http://schemas.xmlsoap.org/soap/">


<soap:Header/>


<soap:Body>

    <company:companyDatagraph 

      xmlns:company="company.xsd">

      <company:company name="ACME" employeeOfTheMonth="E0002">

        <departments name="Advanced Technologies" 

                     location="NY" number="123">

          <employees name="John Jones" SN="E0001"/>

          <employees name="Mary Smith" SN="E0002" manager="true"/>

          <employees name="Jane Doe" SN="E0003"/>

        </departments>

      </company:company>

    </company:companyDatagraph>


</soap:Body>

</soap:Envelope>

The WSDL for the Web service with the companyDatagraph is below. The full listing is shown in the appendix in Complete WSDL for Web services Example of [SDO].

<wsdl:definitions name="Name" 


targetNamespace="http://example.com" 


xmlns:tns="http://example.com" 


xmlns:company="company.xsd" 


xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/" 


xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns:xsd="http://www.w3.org/2001/XMLSchema">


<wsdl:types>



<schema xmlns="http://www.w3.org/2001/XMLSchema" 




targetNamespace="company.xsd" 




xmlns:company="company.xsd" 




xmlns:sdo="http://docs.oasis-open.org/ns/opencsa/sdo/200911" 




elementFormDefault="qualified">

      <element name="companyDatagraph"

               type="company:CompanyDataGraphType"/>

      <complexType name="CompanyDataGraphType">

        <complexContent>

          <extension base="sdo:BaseDataGraphType">

            <sequence>

              <element name="company" type="company:CompanyType"/>

            </sequence>

          </extension>

        </complexContent>

      </complexType>



</schema>


</wsdl:types>


...

</wsdl:definitions>

B. Conformance Items

	JAV02010101
	When get(property) is called on an unset single valued property for which the default value is null (there is no default value) and the instanceClass of the property is a Java object, a Java Implemenation of SDO MUST return null

	JAV02010102
	When the instanceClass is a primitive Java type (e.g., int, boolean, float), then a Java Implementation of SDO MUST return the corresponding default value: 

· “false” if the type is “boolean”

· “0” if the type is “byte”, “char”, double”, “float”, “int”, “short”, “long”

	JAV02010106
	When a get<T>() method is invoked on a many-valued property and <T> is not <List>, then, if the property’s value is a List of length 1, a Java Implementation of SDO MUST return the item in the list converted, if necessary, to the target type.

	JAV02010103
	If a property’s value is an empty list and the target type is not a primitive type, then a Java Implementation of SDO MUST return null. 

	JAV02010104
	If a property’s value is an empty list and the target type is primitive, then a Java implementation of SDO MUST return the same value as for an unset property.

	JAV02010105
	When a set<T> method is invoked on a many-valued property and <T> is not <List>, a Java Implementation of SDO MUST set the the property to a List of length 1 where the single element is the (possibly converted) parameter value

	JAV02010301
	When implementing DataObject, a Java implementation of SDO MUST NOT override the methods defined in java.lang.Object except for toString()

	JAVA02010401
	The content of a DataObject accessor exception thrown by a Java implemenation of SDO SHOULD be a String that describes the problem.

	JAV02020101
	For a deleted DataObject, the old values List returned by a Java implementation of SDO MUST contain all the properties of the DataObject.

	JAV02020102
	For a DataObject that has been modified, the List returned by a Java implementation of SDO MUST consist of the modified properties only. For a DataObject that has not been deleted or modified, the List of old values returned by a Java implementation of SDO MUST BE empty.

	JAV02020103
	If the DataObject was deleted or the property was modified, getOldValue(DataObject dataObject, Property property) MUST return a ChangeSummary.Setting for the specified Property 

	JAV02020104
	For a DataObject that was was not deleted and a Property of the DataObject that was not modified, getOldValue(DataObject dataObject, Property property) MUST return null.

	JAV02020104
	When creating a data type that extends a base type and for which no instanceClass is explicitly provided, a Java implementation of SDO MUST create the new type with the same instance class as the base type.

	JAV02040101
	When creating a data type that extends a base type and for which no instanceClass is explicitly provided, a Java implementation of SDO MUST create the new type with the same instance class as the base type.

	JAV02090101
	JavaHelper.getType MUST return the SDO type associated with the class, regardless of how the association was made. 

	JAV02090102
	The getType(Class) method MUST return null if the class has not been associated with a type. 

	JAV02150101
	This interface represents an SDO data graph as javax.xml.transform.Source. The implementation of SDOSource class SHOULD extend javax.xml.transform.sax.SAXSource or another well supported implementation of Source. 

	JAV02160101
	The implementation of SDOResult SHOULD extend javax.xml.transform.sax.SAXResult or another well supported implementation of Result.

	 Error! Reference source not found.
	A ClassLoader parameter can also be supplied. A Java implementation of SDO MUST use the specified ClassLoader during the creation of the HelperContext  when attempting to load an instanceClass or static SDO class from that HelperContext.

	JAV02200102
	The ClassLoader to be used by the default HelperContext, and HelperContexts that were created without a specified ClassLoader is dependent on the implementation and the environment.  When SDO is being used in a Java EE environment, a SDO implementation SHOULD use the current thread's contextClassLoader. 

	JAV03030001
	Once a Java type is associated with a SDO type, every API call that results in the instantiation of the SDO type MUST return an object that can be casted to either the DataObject interface or the static type.

	JAV03040001
	A Java implementation of SDO MUST implement the accessor methods in a static SDO with behavior identical to the the corresponding DataObject.get(property) or DataObject.set(prop,value) methods. 

	JAV03040002
	If present, a Java implementation of SDO MUST implement create methods in a static SDOs with behavior identical to DataObject.create([propName]). 

	JAV03040003
	If present, a Java implementation of SDO MUST implement isSet and unsetMethoods with behavior identical to DataObject.isSet([propertyName]) and DataObject.unset([propertyName]). 

	JAV03040101
	When the target type of convert(Type, Object) has an instance class of java.lang.String, a Java implementation of SDO MUST convert the enum is to a string using the enumeration’s name() method.

	JAV03040102
	When the target type of  DataHelper.convert(Type,String) is an enum type, a Java implementation of SDO MUST use the enumeration’s valueOf method to convert from String to the enum [JAV03040102].

	JAV03050001
	When using a Java type as a source of SDO metadata, that is, when passing a class to JavaHelper.define(), a Java implementation of SDO type MUST create the type according to the patterns defined by table 3.5.1

	JAV03050002
	A Java implementations of SDO MUST ignore base classes in the “java” or “javax” packages. 

	JAV03050003
	A Java implementation of SDO  MUST make a type derived from a nested interface available though Property.getType() and JavaHelper.getType().

	JAV03050004
	A Java implementation of SDO MUST use table 3.5.2 when determining the type of simple properties.

	JAV03070001
	A Java implementation of SDO MUST process all package level annotations before generating metadata from any class in that package.

	JAV05010001
	To load the class named as a parameter to TypeHelper.define(), a Java implementation of SDO MUST use the classloader that is associated with the HelperContext from which the XSDHelper was obtained.

	JAV06010001
	For any single valued property for which isSet returns true, and property.getType() returns the SDO type on the left hand side of table 6.1.1, the DataObject.get(property) method MUST return an instance of the Java type in the right hand column. 

	JAV06010002
	A Java implementation of SDO MUST allow conversion to or from any wrapper to the corresponding primitive, and to any type to or from which the primitive can be converted. 

	JAV06010101
	A Java Implementation of SDO MUST convert the Date value using the xs:dateTime Schema type canonical String representation for the GMT timezone (see  http://www.w3.org/TR/xmlschema-2/#dateTime-lexical-representation). 

	JAV06010102
	A Java implementation of SDO MUST convert a null Date to a null String. 

	JAV06010201
	When converting from DateTime to Date, a Java implementation of SDO MUST create the Date object using the difference in milliseconds between the instant in time represented by the value to be converted and the instant in time represented by the DateTime value “1970-01-01T00:00:00Z” (if the value to be converted doesn’t have time zone information, GMT is assumed).

	JAV06010202
	When converting from Time to Date, a Java implementation of SDO MUST create the Date object using the difference in milliseconds between the instant in time represented by the value to be converted and the Time instance “00:00:00Z” in any given day (if the value to be converted doesn’t have time zone information, GMT is assumed). 

	JAV06010203
	When converting from YearMonthDay, Year, YearMonth, Month, MonthDay or Day to Date, a Java implementation of SDO MUST create the Date object according to the specified algorithm.

	JAV06010301
	When converting from a String-based Date/Time type to Calendar, a Java implementation of SDO MUST set the fields in the Calendar based on the the type that the String represents, leaving the remaining fields  unset. If the timezone is not set in the String representation, the SDO implementation MUST leave the Calendar.ZONE_OFFSET field unset. 

	JAV06010302
	If the timezone is not set in a String-based Date/Time representation, the SDO implementation MUST leave the Calendar.ZONE_OFFSET field unset

	JAV06010401
	When converting from Calendar to a Date/Time type, a Java implementation of SDO MUST extract the required fields implied from the given Calendar and then use them to create a valid lexical representation for the corresponding SDO datatype (DateTime, Time, Day, Month, MonthDay, Year, YearMonth, YearMonthDay respectively). 

	JAV06010501
	When converting from Date to a Date/Time type, a Java implementation of SDO MUST convert the Date into a Calendar first using the setTime() method on the Calendar with the timezone set to the GMT timezone then proceed as per section 6.1.4. If the target type is Day, Month, MonthDay, Year, YearMonth or YearMonthDay, the implementation MUST remove the timezone information from the result.

	JAV06010601
	When converting from String to a Date/Time type, a Java implementation of SDO MUST leave the value unchaned if the String value is a valid lexical representation of the target type.  The conversion is undefined if the String is not a valid representation of the target type.  

	JAV07020101
	All simple types created by the XSDHelper MUST have the value of the (http://docs.oasis-open.org/ns/opencsa/sdo/java/200911) javaClass property for the SDO Type set to the given instance Class column.

	JAV07020102
	a Java implementation of SDO MUST use int as the generated type’s instanceClass, and set the type’s base type to null, unless the base Type's instance class is also int. 

	JAV07020103
	When determining the instanceClass of types defined from XSD SimpleTypes, a Java Implementation of SDO MUST use the mapping in table 7.2.1.

	JAV07020201
	When determining the instanceClass of types defined from XSD Complex Types, a Java Implementation of SDO MUST use the mapping in table 7.2.2. 

	JAV07030001
	When mapping from XSD types that correspond to SDO types whose instanceClass is a primitive Java type, a Java implementation MAY use either the SDO Type defined in [sdo] or the corresponding wrapper type, as defined in  6.1: SDO Data Types. 

	JAV08000001
	For each generated SimpleType whose instance class is not the same as that of its base class, a Java Implementation of SDO MUST generate a  the attribute, [JAVA_INSTANCE_CLASS], setting the value to type.getInstanceClass().getName(). 
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