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Introduction

Service Data Objects (SDO) is a data programming architecture and AP for the Java™ platform
that unifies data programming across data source types, provides robust support for common
application patterns, and enable applications, tools, and frameworks to more easily query, view,
bind, update, and introspect data. For a high-level overview of SDO, see the white paper titled
“Next-Generation Data Programming: Service Data Objects’ [3].

The core concepts in the SDO architecture are the Data Object and Data Graph. A Data Object
holds a set of named properties, each of which contains either a primitive-type value or a
reference to another Data Object. The Data Object API provides a dynamic data API for

mani pul ating these properties. The Data Graph provides an envelope for Data Objects, and isthe
normal unit of transport between components. Data Graphs also have the responsibility to track
changes made to the graph of Data Objects, including inserts, deletes, and modification to Data
Object properties.
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Data Graphs are typically constructed from data sources, such as XML files, EJBs, XML
databases, relational databases, or from services, such as Web services, JCA Resource Adapters,
JM S messages, etc. Components that can popul ate Data Graphs from data sources and commit
changes to Data Graphs back to the data source are called data mediator services (DMS). DMS
architecture and APIs are outside the scope of this specification.

Requirements
The scope of the SDO specification includes the following requirements:

* Dynamic Data API. Data Objects commonly have typed Java interfaces.
However, sometimesit is either impossible or undesirable to create Java
interfaces to represent the Data Objects. One common situation in which this
occurs is where the data being transferred is defined by the output of a query.
Examples would be arelational query against arelational persistence store, or
EJBQL queries against an EJB entity bean domain model, Web services, or XML
Query queries against an XML source. In these situations, it is necessary to use a
dynamic store and associated API. SDO has the ability to represent Data Objects
through a standard dynamic data API.

» Support for Static Data API. In cases where metadata is known at development
time (e.g., the XML Schema definition or the SQL relational schemais known),
SDO supports code-generating interfaces for Data Objects. When static data APIs
are used, the dynamic data APIs are still available. SDO enables static data API
code generation from a variety of metamodels, including popular XML schema
languages, relational database schemas, JCA connectors, JM S message formats,
UML models, etc. While code-generation rules for static data APIsis outside the
scope of this core SDO specification, it isthe intent that SDO supports code-
generated approaches for Data Objects.

* Complex Data Objects. It iscommon to have to deal with “complex” or
“compound” Data Objects. Thisis the case where the Data Object is the root of a
tree, or even a graph of objects. An example of atree would be a Data Object for
an Order that has references to other Data Objects for the Line Items. If each of
the Line Items had a reference to a Data Object for Product Descriptions, the set
of objects would form a graph. When dealing with compound data objects, the
change history is significantly harder to implement because inserts, deletes, adds
and removes, and reordering have to be tracked as well as simple changes.
Service Data Objects will support arbitrary graphs of Data Objects with full
change summaries.

* ChangeHistory. It isacommon pattern for aclient to receive a Data Object from
another tier, make updates to the Data Object, and then pass the modified Data
Object back to the other tier. To support this scenario, it is often important for the
tier receiving the modified Data Object to know what modifications were made.
In simple cases, knowing whether or not the Data Object was modified may be
enough. For other cases, it may be necessary (or at least desirable) to know which
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properties were modified. Some standard optimistic collision detection a gorithms
reguire knowledge not only of which columns changed, but what the previous
values were. Service Data Objects will support full change history.

» Navigation through graphs of data. SDO provides navigation capabilities on the
dynamic data API. All Data Objects are reachable by breadth-first or depth-first
traversals, or by using XPath 1.0 expressions.

* Metadata. Many applications are coded with built-in knowledge of the shape of
the data being returned. These applications know which methods to call or fields
to access on the Data Objects they use. However, in order to enable devel opment
of generic or framework code that works with Data Objects, it isimportant to be
able to introspect on Data Object metadata, which exposes the data model for the
Data Objects. As Java reflection does not return sufficient information, SDO
provides APIs for metadata. SDO metadata may be derived from XML Schema,
EMOF, Java, relational databases, and other structured representations.

» Validation and Constraints. SDO supports validation of the standard set of
constraints captured in the metadata, which captures common constraints
expressible in XML Schema and relational models (e.g., occurrence constraints).
SDO aso provides an extensibility mechanism for adding custom constraints and
validation.

* Relationship integrity. An important special case of constraintsis the ability to
define relationships between objects and to enforce the integrity of those
constraints, including cardinality, ownership semantics and inverses. For example,
consider the case where an employee has arelationship to its department and a
department inversely has alist of its employees. If the value of the department is
set for an employee, the employee should be automatically removed from the list
of employees help by the department it is currently in, and the employee should
be added to the list of employees for the new department. Data Object
relationships use regular Java objects as opposed to primary and foreign keys with
external relationships. Support for containment tree integrity is aso important.

The following areas are out of scope:

Complete metamodel and metadata API. SDO includes a minimal metadata access
API for use by Data Object client programmers. The intent isto provide avery smple
client view of the model. For more complete metadata access, SDO may be used in
conjunction with common metamodels and schema languages, such as XML Schema[1]
and the Essential Meta Object Facility (EMOF) compliance point from the MOF2
specification [2]. Java annotations in JSR 175 may be a future source of metadata.

» DataMediator Service specification. Service Data Objects can be used in
conjunction with “mediators,” which can populate Data Graphs with Data Objects
from back-end data sources, and then apply changes to a Data Graph back to a
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data source. A mediator framework is out of scope but could be included in a
future specification.

Organization of this Document

This specification is organized as follows:

» Architecture: Describes the overal SDO system.

» Java API: Defines and describes the Java API for SDO.

» DataGraph Serialization Specification: Defines how Data Graphs are serialized as
XML.

» XPath Expression for DataObjects. Defines an augmented subset of XPath that can be
used with SDO for traversing through Data Objects.

* Examples: Provides a set of examples showing how SDO is used.

Architecture

The core of the SDO framework isthe Dat aCbj ect , which is ageneric representation of a
business object and is not tied to any specific persistent storage mechanism. A Dat aG aph is
used to collect a graph of related Dat aCbj ect s. The Dat aGr aph keeps track of the schema
that describesthe Dat aObj ect s. The Dat aGr aph also maintains a Change Summar y, which
represents the changes made to the Dat aObj ect sin the graph.

Purchase
Order

=1

Lineltem
sku="abc’
qly=3

Figure 1: Data Graph containing Data Objects

The standard way for an end user to get accessto aDat aG aph isthrough a Data Mediator
Service (DMS) . A DMSisaJavaclass that provides methods to load aDat aG aph from a
store and to save a Dat aG aph back into that store. For example, an XML File DMS would
load and save aDat aG aph asan XML fileand aJDBC DM S would load and save a

Dat aG aph using arelational database. Specifications for particular DM Ss are outside the
scope of this specification.

DM S typically use a disconnected data architecture, whereby the client remains disconnected
from the DM S except when reading a Dat aGr aph or writing back aDat aG aph. Thus, a
typical scenario for using aDat aGr aph involves the following steps:

1. Theend user sendsarequest toaDMSto load aDat aG aph
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The DM S starts a transaction against the persistent store to retrieve data, creates a

Dat aG aph that represents the data, and ends the transaction.

The DMS returns the Dat aG- aph to an end user application

The end user application processes the Dat aGr aph

The end user application calls the DM S with the modified Dat aG aph.

The DMS starts a new transaction to update the data in the persistent store based on the
changes that were made by the end user.

SPCLIE S

Data read
Client Mediatar Data
. update
Service | - Source

.

Figure 2: SDO's disconnected data architecture

Note that there are two distinct roles that can be identified among Dat aCObj ect users. the client
and the DM S writer. The client needs to be able to traverse aDat aGr aph to access each

Dat aCbj ect contained in that Dat aG aph and to get and set the fields in each

Dat aObj ect . The client may also need to serialize and deserialize aDat aGr aph.

The DM S writer must be able to define amodel for aDat aGr aph, create anew

Dat aG aph, generate change history information, and access change history

information. This specification’s focus is the perspective of the client.

Java APl

The SDO API is comprised of the following interfaces that relate to instance data:
» DataObject — A business data object
* Sequence - A sequence of settings
o DataGraph — A graph of Dat albj ect s
» ChangeSummary — Summary of changesto the Dat aCbj ect sinaDat aG aph

SDO aso contains aminimal metadata API that can be used for introspecting the model
of aData Graph:

» Type—TheType of aDataObject or Property.
» Property - A Property of aData Object.
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The APIs are shown in figure 3 below.

DataGraph DataMediatorService

Type +r°°tT0"l Tl

name : String *

+type uri : String +type | DataObject |0.. ChangeSummary
instanceClass : Class|
1
+container
+properties| 0..* 0..*
Property Sequence
L—name : String

many : boolean 0..*
containment : boolean
default : Object

Figure3: DataGraph Java APIs

DataObject

DataObject is designed to be easy for Java programmers, with one interface the provides
access to business data of all the common types and access patterns, such as name, index,
and path. The Dat aCbj ect interface provides arich set of methods that retrieve and
update the contents of a Dat aObj ect . It aso provides methods to access the container
of theDat aCbj ect and theDat aG aph towhichthe Dat aCbj ect belongs, to
create a new instance of acontained Dat aQbj ect , and to deleteaDat aCbj ect from
its container. Lastly, Dat aCbj ect providesthe ability to get the Dat aCbj ect ’s

Type.

A Dat a(bj ect iscomposed of properties. Each property can be accessed either by
specifying the Pr oper t y object, the property’ s name, or the property’ s index.

Dat aObj ect sarelinked together by their properties, which meansthat it is possible to
identify a property that belongs to another Dat aCbj ect by specifying a path
expression that identifies al the links that must be followed to access that other

Dat aCbj ect . (More on how to specify a path expression later.)

There are severa different accessor methods that can be used to get and set the values of
the properties for agiven Dat aObj ect . The choice of which accessor method to use to
get or set a particular property depends on:

*  Whether the property is specified using an index or a path.

* Thetype of the property.

*  Whether the property is single-valued or many-valued.
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When aDat aQbj ect 'styped accessors get<T>() and set<T>()are invoked, atype
conversion is necessary if the value is not already an instance of the requested type T.
Type conversion is automatically done by aDat aCbj ect implementation. An
implementation of SDO is expected to convert between any data type and the set defined
on Dat aObj ect , with possible loss of information. The supported data type set is
initially the Java primitives, object wrappers of Java primitives, String, Date, byte[],
BigDecimal, and BigInteger, with conversions specified in Java[6]. Theseinitial data
types may be expanded to include the expected XML types from JAXP 1.3 when it
becomes available.

The isSet(property) accessors return true when the value of the property is set to avalue
other than the default value. The unset(property) accessor resets the property, so that
isSet(property) returns false and get(property) returns the default. Unset may be thought
of as clearing out a single property, while delete() unsets all the properties. If a property
uses settings (settings are described in Sequence), thereis a distinction between
set(property, property.getDefault()) and unset(property). For properties that use settings,
after set(property, property.getDefault()), isSet(property) returnstrue. For properties that
do not use settings, after set(property, property.getDefault()), isSet(property) returns
false. After unset(property) and delete(), isSet(property) aways returns fal se.

Get(property) with property.isMany() true always return aList. The getList(property)
accessor is especialy convenient for many-valued properties. The set(property, value)
and setList(property, value) accessors for property.isMany() true require that value be a
java.util.Collection and List respectively, and are equivalent to getList(property).clear()
followed by getList(property).addAll(value).

The create methods create a Dat aCbj ect of the Type of the Pr operty orthe Type
specified in the arguments and add the created object to the property specified. If the
property is single-valued, the property is set to the created object. If the property is
multi-valued, the created object is added as the last object. Only containment properties
may be specified for creation. A created object begins with all its properties unset.

The delete method removes the Dat aCbj ect from its containing Dat aCbj ect , unsets
all its properties, and deletes all composed Dat aObj ect s. One-way non-containment
propertiesin other Dat aObj ect sreferring to deleted Dat aCbj ect s are not modified,
but may need to be changed to other valuesto restore closure to the Dat aGr aph. A
deleted Dat aObj ect may be used again, have its values set, and added into the

Dat aG aph again.

Theget Cont ai ner () method returns the parent Dat aCbj ect and the

get Cont ai nnent Pr operty() method returnsthe Pr oper t y of the container
which contains this object, providing simple navigation up and down the Dat aCbj ect
containment tree.

To accessthe Dat aG aph from aDat aObj ect , get Dat aG aph() isused.
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The Type of the Dat aQbj ect isreturned by get Type() .

The ability to obtain ajava.util.Map for aDat aQObj ect ispart of the SDO roadmap.

public interface DataObject extends Serializable
{

Obj ect get(String path);

void set(String path, Object value);

bool ean i sSet(String path);

void unset (String path);

bool ean get Bool ean(String path);

byte getByte(String path);

char getChar(String path);

doubl e get Doubl e(String path);

float getFloat(String path);

int getInt(String path);

| ong getlLong(String path);

short getShort(String path);

byte[] getBytes(String path);

Bi gDeci mal get Bi gDeci mal (String path);
Bi gl nt eger getBi gl nteger(String path);
Dat aCbj ect get Dat aObj ect (String path);
Date getDate(String path);

String getString(String path);

List getList(String path);

Sequence get Sequence(String path);

voi d setBool ean(String path, bool ean val ue);
void setByte(String path, byte val ue);

voi d setChar(String path, char val ue);

voi d set Doubl e(String path, double value);
void setFloat(String path, float val ue);
void setInt(String path, int value);

voi d setlLong(String path, |ong val ue);

void setShort(String path, short value);
void setBytes(String path, byte[] val ue);

voi d setBigbDecimal (String path, BigDecinmal value);
voi d setBiglnteger(String path, Biglnteger val ue);
voi d setDataCbject(String path, DataCbject val ue);

void setDate(String path, Date val ue);
void setString(String path, String val ue);
void setList(String path, List value);

bj ect get(int propertylndex);

void set(int propertylndex, Object value);
bool ean isSet (int propertylndex);

voi d unset (i nt propertyl ndex);

bool ean get Bool ean(i nt propertyl ndex);

byte getByte(int propertylndex);

char get Char (i nt propertylndex);

doubl e get Doubl e(int propertyl ndex);

float getFloat(int propertylndex);

int getint(int propertylndex);

| ong getLong(int propertylndex);

short getShort(int propertylndex);

byte[] getBytes(int propertylndex);

Bi gDeci mal get Bi gDeci mal (i nt propertyl ndex);
Bi gl nt eger getBi gl nteger(int propertyl ndex);
Dat aCbj ect get Dat aObj ect (i nt propertyl ndex);
Dat e getDate(int propertylndex);
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String getString(int propertyl ndex);
Li st getList(int propertylndex);
Sequence get Sequence(int propertyl ndex);

voi d set Bool ean(int propertylndex, bool ean val ue);

voi d setByte(int propertylndex, byte value);

voi d setChar(int propertylndex, char value);

voi d set Doubl e(int propertylndex, double val ue);

voi d setFloat(int propertylndex, float value);

void setInt(int propertylndex, int value);

voi d setlLong(int propertylndex, |ong value);

voi d set Short (int propertylndex, short val ue);

voi d setBytes(int propertylndex, byte[] value);

voi d setBi gDeci mal (i nt propertylndex, BigDecinal value);
voi d setBiglnteger(int propertylndex, Biglnteger value);
voi d setDat aChj ect(int propertylndex, DataObject val ue);
voi d setDate(int propertylndex, Date val ue);

void setString(int propertylndex, String value);

void setList(int propertylndex, List value);

(bj ect get (Property property);

void set(Property property, Object value);
bool ean i sSet (Property property);

voi d unset (Property property);

bool ean get Bool ean( Property property);

byte getByte(Property property);

char get Char (Property property);

doubl e get Doubl e( Property property);

float getFl oat(Property property);

int getlnt(Property property);

| ong getLong(Property property);

short get Short (Property property);

byte[] getBytes(Property property);

Bi gDeci mal get Bi gDeci nal (Property property);
Bi gl nt eger getBi gl nteger (Property property);
Dat aCbj ect get Dat aObj ect (Property property);
Dat e get Date(Property property);

String getString(Property property);

Li st getList(Property property);

Sequence get Sequence(Property property);

voi d set Bool ean(Property property, bool ean val ue);

voi d setByte(Property property, byte value);

voi d set Char (Property property, char val ue);

voi d set Doubl e(Property property, double val ue);

voi d setFl oat (Property property, float val ue);

void setInt(Property property, int value);

voi d setLong(Property property, |ong value);

voi d setShort (Property property, short value);

voi d setBytes(Property property, byte[] value);

voi d set Bi gDeci mal (Property property, BigDecinal value);
voi d setBiglnteger(Property property, Biglnteger val ue);
voi d set Dat albhj ect (Property property, DataObject value);
voi d setDate(Property property, Date val ue);

void setString(Property property, String value);

void setlList(Property property, List value);

Dat aCbj ect createbDataGhject (String propertyNane)

Dat albj ect creat eDat albj ect (i nt propertyl ndex);

Dat albj ect creat eDat albj ect (Property property);

Dat aCbj ect createbDataObject (String propertyName, String namespaceUR
String typeNane);
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Dat aCbj ect createbDataObject(int propertylndex, String namespaceURl,
String typeNane);
Dat aCbj ect creat eDat aCbj ect (Property property, Type type);

void delete();

Dat alhj ect get Cont ai ner () ;
Property get Cont ai nnment Property();

Dat aGr aph get Dat aGr aph();
Type get Type();

Sequence
Sequences are used when dealing with semi-structured business data, for example mixed
text XML elements. Suppose that a Sequence has two many-valued properties, say
“nunber s” (aproperty of typei nt ) and“l et t er s” (aproperty of type St r i ng).
Also suppose that the Sequence isinitialized as follows:

1. Thevaluelisadded tothe nunber s property.

2. TheStri ng “annotation text” is added to the Sequence.

3. Thevalue“A” isaddedtothel et t er s property

4. Thevaue 2 isadded tothenunber s property.

5. Thevalue“B” isaddedtothel et t er s property.

At the end of thisinitialization, the Sequence will contain the settings:
{<nunber s, 1>, "annotation text”, <l et t er s, "A">, <nunber s, 2>, <l etters,
”B”>}

On the other hand, if aDat aQbj ect hasthe same two properties and isinitialized in the
same order (ignoring the unstructured text, which cannot be added to aDat a(bj ect ),
the nunber s property will beset to {1, 2} andthel et t er s property will be set to
{“A”,”B"}, but the order of the settings acrossnunber s and| et t er s will not be
preserved.

A Sequence isan ordered collection of settings, where each setting is either
» acombination of a property and avalue, or
e aStri ng containing unstructured text.

Note that the way in which aDat aCbj ect keepstrack of the order of properties and
valuesis quite different from the way thisis done by a Sequence:

* InaDat aObj ect theorder of the propertiesisfixed (which means that each
property has awell defined index) while the order in which different properties
are added to aDat aObj ect isnot preserved. (In the case of amany valued
property, the order in which different values are added to that one property is
preserved, but when values are added to two different properties, there is no way
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of knowing which property was set first.) A Dat aCbj ect may not have any
unstructured text.

* InaSequence, the order of the settings across propertiesis preserved. A
Sequence may have unstructured text interspersed among the settings.

* The same properties that appear in a sequence are also available through
Dat aObj ect but without preserving the order across properties.

» The boolean add() accessors add to the end of the sequence. The add(int index)
accessors add to the specified position in a sequence and, like java.util.List, shift
entries at later positions upwards.

* Theremove() accessor removes the entry at the specified index and shifts all later
positions down.

* Themove() accessor moves the entry at the fromindex to the tolndex, shifting
entries later than fromindex down and after tolndex up.

* The setValue() accessor maintains positions and updates the value to be returned
by getVaue().

The ability to create Dat aCbj ect s inaSequence is part of the SDO roadmap.

public interface Sequence

{

int size();

Property getProperty(int index);
bj ect getVal ue(int index);

nj ect setValue(int index, Object value);

bool ean add(String propertyName, Object val ue);

bool ean add(i nt propertyl ndex, Object val ue);

bool ean add(Property property, Object val ue);

void add(int index, String propertyNane, Object value);
void add(int index, int propertylndex, Cbject value);
void add(int index, Property property, Object value);

voi d rermove(int index);
void nove(int tolndex, int from ndex);

DataGraph

A Dat aG aph isagraph of Dat aObj ect s. The graph consists of asingle root

Dat aCbj ect aongwith all the Dat aQbj ect sthat can be reached by recursively
traversing the containment references of the root Dat aCbj ect . A Dat aG aph formsa
tree of Dat aCbj ect s, where the non-containment references point to Dat aCbj ect s
within thetree. Thisiscalled closure.

public interface DataG aph
Dat aCbj ect get Root Obj ect () ;

Dat aCbj ect creat eRoot Obj ect (String namespaceURl, String typeNane);
Dat aCbj ect creat eRoot Obj ect (Type type);
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ChangeSunmary get ChangeSummary();

Type get Type(String uri, String typeNane);

A Dat aG aph iscreated by aDMS, which returns either an empty Dat aG aph, or a
Dat aG aph filled with Dat aCbj ect s. The DMSisaso responsible for creation of
the metadata (i.e., model) used by the Dat aCbj ect sand Dat aG aph. For example, a
DMS for XML data could construct the model from the XSD for the XML.

A Dat aGr aph may not have closure temporarily while the contained DataObjects are
being modified by an end user through the DataObject interface, but after all user
operations are completed the DataGraph is expected to be restored to closure. A DMS
should operate only on DataGraphs with closure.

The Dat aGr aph aso containsa ChangeSummar y that can be used to access the
change history for any Dat aObj ect inthegraph. Typically the ChangeSummary is
empty when aDat aGr aph isreturned from aDMS. The client of the DM S makes
modifications, which change the state of the Dat aQbj ect s, including creation and
deletion, with all asummary of changes recorded in the ChangeSunmary.

The client may send amodified Dat aG- aph to aDMS (the same or different depending
on the scenario), at which time the DM S checksthe Dat aGr aph for errors. These
errorsinclude lack of closure of the Dat aG aph, values outside the lower and upper
bounds of a property, choices spanning severa properties or Dat aCbj ect s, deferred
constraints, or any restrictions specific to the DMS (e.g., XML Schema specific
validations). The DMSwill typically report problems with updates by throwing
exceptions.

Dat aG aphsmay be serialized to XML (see DataGraph Serialization), typically by an
XML DMS.

Theroot Dat aCbj ect isaccessible by get Root Obj ect () . Anempty DataGraph
may have aroot assigned by the cr eat eRoot Qbj ect () methods.

A Type may be accessed via getType(String uri, String typeName). The convention for
getType() and al methods with a URI parameter isthat the URI isalogical name, such as
atargetNamespace. The implementation of DataGraph and DataObject is responsible for
accessing the physical resource that contains the requested metadata, which may be a
local copy or aresource on anetwork. The configuration information necessary to
provide this logical to physical access to metadatais viaimplementation-specific
configuration files. If the metadata is unavailable, an implementation-specific exception
ocCurs.

The ability to set the root Dat aCbj ect inaDat aGr aph ispart of the SDO roadmap.
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ChangeSummary

The ChangeSumar y provides access to change history information for the

Dat aCbj ect sinaDat aG aph. The change history covers any modifications that
have been made to the Dat aGr aph starting from the point when logging was activated.
If logging is no longer active, the log includes only changes that were made up to the
point when logging was deactivated. Otherwise it includes all changes up to the point at
which the ChangeSunmmar y is being interrogated.

This interface includes methods that:
» Activate and deactivate logging and query the logging status.
* Accessthe Dat aGr aph to which the Change Sumrar y belongs.
» Accessthe changed Dat a(bj ect s.
» Indicate whether an object has been created or deleted.

» Getsthelist of the settings for the old values of any properties that have been
modified.

The old values are expressed as alist of ChangeSummar y. Set t i ng objects. (Where
ChangeSumary. Set ti ng isaninner interface of ChangeSunmmar y.) Each
ChangeSummary. Set t i ng has avaue and a property, along with aflag to indicate
whether or not the property is set.

Note that for a created object, the old valueslist is empty. For a deleted object, thislist
contains all the properties of the Dat aCbj ect . For aDat aCbj ect that was modified,
the list consists of only the modified properties.

public interface ChangeSumary

{
voi d begi nLoggi ng();
voi d endLoggi ng();
bool ean i sLoggi ng();

Dat aG aph get Dat aG aph();

Li st /*DataObject*/ getChangedDat aCbj ects();
bool ean i sCreat ed( Dat aCbj ect dat aCbj ect);
bool ean i sDel et ed( Dat aCbj ect dat aCbj ect) ;

public interface Setting

{
Property getProperty();
nj ect get Val ue();
bool ean isSet();

}
Li st /*ChangeSummary. Setting*/ getd dVal ues(Dat aCbj ect dat aCbject);

Type
The concept of adata type is common across most programming languages and data
modeling languages. The Ty pe interface represents acommon view of adatatype. A
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Type hasaset of Pr operty objects. For example, in Java, C++, and EMOF, a Class
represents a Ty pe and each of their fieldsis represented by aPr operty. In XML
Schema, SimpleType and ComplexType are represented by Ty pe, with elements and
attributes representing Properties. Typeisalso aconcept in C as a Struct, where each
fieldisaPr operty. Relational database tables are asimilar analogy, where Table
corresponds to Ty pe and Column correspondsto Pr oper ty. All of these domains
share certain concepts, a small subset of which are represented here in the Ty pe and
Property interfaces. Theseinterfaces are useful for Dat aCbj ect programmers that
need to introspect the shape or nature of data at runtime. More complete metamodel APIs
(e.g., XML Schema or EMOF) representing all the information of a particular domain are
outside the scope of this specification.

A Type has:
« Name-aStri ng that istypically unique among the Types that belong to the
same URI.
» Uri -Thelogica URI of a package or atarget namespace, depending on your
perspective.

* Instance Class—thej ava. | ang. Cl ass used to implement the SDO Type.
Examplesarej ava. | ang. | nt eger and Dat aQbj ect .

» Properties—alist of Pr operty objects defined by this Type. Types
corresponding to simple data types define no properties.

public interface Type

{
String get Name();

String getURI ();

Cl ass getlnstanced ass();
bool ean i sl nstance(hj ect object);

List /*Property*/ getProperties();
Property getProperty(String propertyNane);

Property

Each Property has:

« Name-a$St ri ng that istypically unique among the properties that belong to the
Dat aQbj ect .

* Type-—the Type of thisproperty. A property whosetypeisaDat aCbj ect is
sometimes called areference; otherwiseit is called an attribute.

» Each property can be either single-valued or many-val ued.

* Inthe case of areference, the property may be either a containment or non-
containment reference. In EMOF the term containment referenceis called
composite. Containment properties are the parent-child relationshipsin atree of
DataObjects.

* A default value.

* A numeric index within the property’s Ty pe.
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Each Type assigns a unique index to each property that belongs to the Dat aQbj ect
that isthe same asthe index in List returned by Type.getProperties().

Properties may have additional behavior specified by metadata. Metadata such as read-
only, bi-directional opposite properties, resolving of hrefs and xlinks, and whether the
property uses settings or is a sequence will affect the behavior of the Dat aCbj ect
accessors.

public interface Property

{
String get Nane();

Type get Type();

bool ean i sMany();
bool ean i sCont ai nment () ;

Type get Cont ai ni ngType();
bj ect getDefault();

DataGraph XML Serialization

A Dat aG aph may be serialized as an XML stream. If the metadata comes from XML
Schema, the DataObjects are seriaized following the XSD. If the metadata comes from
another source, an XSD is generated and the DataObjects are serialized following the
XSD using XMI [4] schema and document production rules, respectively.

¥
¥

1: X ey ¥ML & XCupry ¥ML Dala

4: Datalraph hadiator "% XML Gocumant SoLree
-

Client -

5: Dataliraph - G; Allpdaie

Figure 4: DataGraph XML Serialization

In general, the Dat aG aph serialization consists of a description of the schema used for
the Dat aG aph, followed by the Dat aCbj ect sthat are contained in the

Dat aG aph, followed by a description of the changes. The serialization of

Dat aObj ect sfollowsthe XMI specification or the XSD for the DataObject model,
producing the same XML stream independent of the enclosing Dat aG aph element.
When XML Schemais used as the metadata, the XML serialization of the DataObjects
follows the XSD and the resulting XML elements should validate with the XML Schema
when al the constraints for the XSD are enforced.

The description of the schema s optional and can be expressed either as an XSD or
EMOF model. The description of the changes is also optional. The changes are expressed
as achange summary. XSDs and models are typically included if it is likely that the
reader of the Dat aGr aph would not be able to retrieve the model by the logical URI of
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the X SD targetNamespace or EMOF Package URI. The serialization of the EMOF
models follows the XMI specification. The optional serialization of the
ChangeSummar y aso follows XMI, where properties that have not changed value are
omitted. When serializing X SDs and models, only the X SDs and models actually used
by the DataObjects are typically transferred. When Dat aGr aph was originally created
from an XSD, the XSD form is preferred in order to preserve all original XSD
information. If the Dat aG aph isfrom a source other than XSD, an XSD may be
generated (typically following the EMOF and XM specifications) and included, or the
EMOF model may beincluded. The choice of which to include is determined by the
serializer of the Dat aGr aph.

The seridization of aDat aG- aph, whether invoked through aDMS or

java.io. Serializabl eorinaWeb service, isexpected to be the same XML
format described here. When DataGraph is serialized in Java serialization, it is preceded
by an int indicating the number of bytesin the DataGraph XML. When asingle
DataObject from a DataGraph is serialized, the format is an XPath subset of the
DataObject’ s path location within the DataGraph from the root, preceded by an int for the
number of bytesin the XPath, and followed by the serialization of the DataGraph.

The XSD for the Dat aGr aph seridizationis:

<xsd: schena
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"
xm ns: sdo="comonj . sdo"
t ar get Nanespace="commonj . sdo" >

<xsd: el ement nane="dat agraph" type="sdo: Dat aG aphType"/ >

<xsd: conpl exType nanme="Dat aG aphType" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="sdo: BaseDat aG aphType" >
<xsd: sequence>
<xsd: any m nCccurs="0" maxQccurs="1" namespace="##ot her"
processCont ents="1 ax"/ >
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conmpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="BaseDat aGr aphType" abstract="true">
<xsd: sequence>
<xsd: el ement nane="nodel s" type="sdo: Model sType" m nQccurs="0"/>
<xsd: el ement nane="xsd" type="sdo: XSDType" m nCccurs="0"/>
<xsd: el enent nane="changeSumuary" type="sdo: ChangeSunmaryType"
m nOccurs="0"/>
</ xsd: sequence>
<xsd: anyAttribut e nanespace="##ot her" processContents="1ax"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Model sType" >
<xsd: annot ati on>
<xsd: docunent ati on>
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Expected type i s enof: Package.
</ xsd: docunent at i on>
</ xsd: annot at i on>
<xsd: sequence>
<xsd: any m nCccurs="0" maxQccur s="unbounded" nanespace="##ot her"
processCont ents="1 ax"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nanme="XSDType" >
<xsd: annot ati on>
<xsd: docunent at i on>
Expected type is xsd: schema.
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: sequence>
<xsd: any m nCccurs="0" maxQccur s="unbounded"
nanespace="http://ww. w3. or g/ 2001/ XM_Schenma" processCont ents="|ax"/>
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nanme="ChangeSunmaryType" >
<xsd: sequence>
<xsd: any m nCccurs="0" maxQccur s="unbounded" namespace="##any"
processCont ents="1 ax"/ >
</ xsd: sequence>
<xsd:attri bute nane="create" type="xsd:string"/>
<xsd:attribute nane="del ete" type="xsd:string"/>
</ xsd: conpl exType>

</ xsd: schena>

Examples of this serialization can be seen in Accessing DataObjects using X Path subset
and in Appendix — Complete DataGraph Serialization.

XPath Expression for DataObjects

Many of the accessor methods for Dat aCbj ect smake use of aSt r i ng parameter that
provides the path that identifies the property to which the method applies. The XPath
expression is an augmented subset of XPath 1.0 [5] extended with an additional ability to
access data using the 0 as a base index, a style common throughout Java programming.
Arrays and List.get(index) in Java both index from 0O, and the intent is to enable the most
productive environment for the Java programmer, avoiding the need for adding or
subtracting 1 when using path expressions and Java indexes together. The syntax for
specifying these paths, is shown here:

path ::="/"? (step '/')* step
step ::="'@? property
| property '[' index from1l ']’
| property '.' index_fromO
| reference '[' attribute '='" value ']’
| "
property ::= NCNane ;; may be sinple or conmplex type
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attribute ::= NCNane ;; must be sinple type
reference :: NCNane ;; must be DataCbject type
index_fromO ::=Digits
index_from1l ::= NotZero (Digits)?
value ::= Literal
| Nunber
| Bool ean
Literal ::= """ [A"]* '™
I R
Nurmber ::= Digits ('.' Digits?)?
| ".' Digits
Bool ean ::= true
| false
Not Zero ::= [1-9]
Digits ::=[0-9]+

;; leading '/' begins at the root
7, ".." is the containing Data(ject
;; Only the last step have an attribute as the property

For example, consider the Company model described in Complete DataGraph for
Company Example. One way to construct an X Path that can be used to access a

Dat aObj ect contained in another Dat aCbj ect isto specify theindex of the
contained Dat aCObj ect within the appropriate property. For example, given an instance
of aConpany Dat aCbj ect called“conpany” one way to access the Depar t nent
atindex Ointhe“depart ment s” listis:

Dat aCbj ect department = conpany. get Dat aCbj ect ("depart nents. 0");

Another way to access a contained Dat atbj ect isto identify that object by specifying the
value of one of the attributes of that object. So, for example, given aDepar t ment

Dat aCbj ect called “depart ment ”, one way to access the Enpl oy ee where the value of
the “SN’ attribute is “0002” is:

Dat aCbj ect enpl oyee =
depart ment . get Dat albj ect (" enpl oyees[ SN=' 0002' | ") ;

It is also possible to write a path expression that traverses one or more references in order
to find the target object. The two accesses shown above can be combined into asingle
call that getsthe Enpl oyee using a path expression that starts from the conpany

Dat aQbj ect , for example

Dat aCbj ect enpl oyee =
conpany. get Dat aObj ect ("depart nents. 0/ enpl oyees[ SN=' 0002' | ") ;

If more than one property shares the same name, only the first is matched by the path
expression, using property.getName() for name matching. Also, names including any of
the special characters of the syntax (./[]="" @) are not accessible. Each step of the path
before the last must return a single DataObject. When the property is a Sequence, the
values returned are those of the getValue() accessor.
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Examples

The examples given here assume the use of an XML Data Mediator Service (XM.DVS5)
to load and save aDat aG aph from and to XML files. The XMLDVS 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 code shown here
would work just aswell against an equivalent Dat aGr aph that was provided by any
other DIVS.

The examples covered here include:

Accessing DataObjects using X Path

Accessing DataObjects via Property Index
Accessing the Contents of a Sequence
Seridizing/Deserializing a DataGraph or DataObject
Using Type and Property with DataObjects

Web services and DataGraphs Example

S~ wdhE

The example model is a Company with a Department containing several Employees. The
XSD for the Company is shown in the Appendix, Complete DataGraph for Company

Example.

Company
name : String

0..x| *departments

Department
name : String
location : String
number : int

0. * +employees

Employee
name : String
SN : String
manager : boolean

+employeeOfTheMonth

Figure 5: Data M odel for Company
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Accessing DataObjects using XPath

Assume that we have aDat aGr aph that was initialized by the XMLDVS from the
following XML.:

<sdo: dat agraph xm :version="2.0" xm ns:xm ="http://ww. ong. org/ XM "
xm ns: company="conpany. xsd"
xm ns: sdo="comuonj . sdo" >
<conpany: conmpany nhame="ACVMVE" enpl oyeeOf TheMont h="#i d. 0" >
<departnents nanme="Advanced Technol ogi es" | ocati on="NY"
number =" 123" >
<enpl oyees nanme="John Jones" SN="0001"/>
<enpl oyees xm :id="id.0" name="Mary Smth" SN="0002"
manager ="true"/>
<enpl oyees nane="Jane Doe" SN="0003"/>
</ depart nment s>
</ conpany: conpany>
</ sdo: dat agr aph>

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

In order to access the company Dat aObj ect from theroot of the Dat aGr aph, we
could use the following code:

/'l Access the company DataCbject fromthe "conpany” property of
/1l the root object.

Dat aCbj ect root Obj ect = dat aG aph. get Root Obj ect () ;

Dat aCbj ect conpany = root Cbj ect. get Dat aObj ect (" conpany");

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

/1 Set the "name" property for the conpany
conpany. set Stri ng("name", " MegaCorp");

Now, suppose we wish to access the employee whose serial number is“0002”. If we
know that this employee islocated at index 1 within the department that is located at
index O within the root company object, one way to do thisis by traversing each
reference in the Dat aG aph and locating each Dat aCbj ect in amany-valued
property using itsindex in the list. For example, from the company, we can get alist of
departments, from that list we can get the department at index O, from there we can get a
list of employees, and from that list we can get the employee at index 1.

/'l Get the list of departnents

Li st departments = conpany. getList("departnents");

/1l Get the departnent at index O on the |ist

Dat aCbj ect department = (DataObject) departnments. get(0);

/Il Get the list of enployees for the departnent

Li st enpl oyees = departnent. getList("enpl oyees");

/'l Get the enployee at index 1 on the list

Dat aCbj ect enpl oyeeFronlLi st = (DataCbj ect) enpl oyees.get(1);
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Alternatively, we can write a single XPath expression that directly accesses the employee
from the root company.

/1 Alternatively, an xpath expression can find objects
/1 based on positions in |ists:
Dat aCbj ect enpl oyeeFromXPat h =
conpany. get Dat aCbj ect ("depart nents. 0/ enpl oyees. 1");

Otherwise, if we don’t know the relative positions of the department and employee
Dat aQbj ect s, but we do know that the value number attribute of the department is
“123", we can write an X Path expression that accesses the employee DataObject using
the appropriate values:

/1 Get the sane enpl oyee using an xpath expression

[/l starting fromthe conpany

Dat aCbj ect enpl oyeeFr omXPat hByVal ue = conpany. get Dat aCbj ect (
"depart nent s[ nunber =123]/ enpl oyees[ SN=' 0002' ] ") ;

In order to remove that employee from the Dat aG aph, we could use:

/'l renove the enployee fromthe graph
enpl oyeeFronLi st. del ete();

And, finally, to create a new employee:
/'l create a new enpl oyee
Dat aCbj ect newEnpl oyee =
depart ment . cr eat eDat aChj ect (" enpl oyees");
newenpl oyee. set ("nane", "Al Smth");
newenpl oyee. set ("SN', "0004");
neweEnpl oyee. set Bool ean( " manager", true);

/'l Reset enpl oyeeO TheMonth to be the new enpl oyee
conpany. set (" enpl oyeef TheMont h", newEknpl oyee) ;

After saving this Dat aGr aph using the XMLDMVS, the resulting XML file would contain:

<sdo: dat agraph xmi :version="2.0" xm ns:xm ="http://ww. ong. org/ XM "
xm ns: company="conpany. xsd"
xm ns: sdo="commonj . sdo" >

<changeSummary create="#id. 4" del ete="#l 0og. 0" >
<conpany sdo: ref="#id. 0" name="ACVMVE" enpl oyeeCf TheMont h="#I og. 0"/ >
<departnents sdo:ref="#id.1">
<enpl oyees sdo:ref="#id.2"/>
<enpl oyees xm :id="10g.0" nane="Mary Sm th" SN="0002"
manager ="true"/>
<enpl oyees sdo:ref="#id.3"/>
</ depart ment s>
</ changeSumar y>

<conpany: conpany xm :i d="id. 0" nane="MegaCorp"
enpl oyeeX™ TheMont h="#i d. 4" >
<departnents xm:id="id.1" name="Advanced Technol ogi es"
| ocati on="NY" numnber="123">
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<enpl oyees xm :id="id.2" name="John Jones" SN="0001"/>
<enpl oyees xm :id="id.3" name="Jane Doe" SN="0003"/>
<enpl oyees xm :id="id. 4" name="Al Smth" SN="0004"
manager ="true"/>
</ depart nment s>
</ conpany: conpany>

</ sdo: dat agr aph>

The ChangeSunmary provides an overview of the changes that have been made to the
Dat aG aph. The ChangeSunmmar y contains Dat aCbj ect sasthey 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. Thesdo: r ef
attribute is used to map Dat aCbj ect sinthe ChangeSunmmar y back to the
corresponding Dat aQbj ect sinthe Dat aG aph.

In this example, the namne property of the Conpany object was changed, so the original
company nane is shown in the ChangeSunmmar y. However, the nane of the

Depar t ment object was not changed and therefore the department nane does not
appear. Theenpl oyees property of the Depar t ment object did change (one

Enpl oyee was added and one Enpl oyee was deleted) so the summary includes the
list of al the original enpl oyees. In the case of the Enpl oyee that was deleted, all
the properties are displayed in the summary. Enpl oyees that have not changed include
thesdo: r ef attribute, but the unchanged properties of these employees are not
displayed.

All of the DataObjectsin this particular example have been affected or referenced by
some change, so the Change Summar y includes references to all of the objectsin the
original Dat aGr aph. In another situation where only afew DataObjects from alarge
Dat aG aph are modified, the ChangeSunmmar y would include only small subset of
the overal Dat aG aph.

Note: The serialized Dat aG aph 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 Dat aG aph is shown in Complete DataGraph
for Company Example.

Accessing DataObjects via Property Index

In the previous section, all thefieldsin aDat aCbj ect were specified using XPath
strings, where each string was derived from the name of a property. It is aso 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 asi nt fields. The values are derived from the position of
properties as defined in the company.
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/1 Predefine the property indexes
i nt ROOT_COWPANY = O0;

i nt COMPANY_DEPARTMENT = O;
i nt COVPANY_NAME = 1;

i nt DEPARTMENT_EMPLOYEES = 0;

i nt EMPLOYEE_NAME = O0;
int EMPLOYEE_SN = 1;
int EMPLOYEE_MANAGER = 2;

/'l Access the conpany DataCbject fromthe "conmpany" property of the
/'l root object.

Dat aChj ect root Obj ect = dat aG aph. get Root Obj ect () ;

Dat aCbj ect conpany = root Cbj ect. get Dat aObj ect ( ROOT_COVPANY) ;

/1l Set the "nanme" property for the conpany
conpany. set St ri ng( COVWPANY_NAME, " MegaCor p");

/[l CGet the |list of departnents

Li st departnments = conpany. get Li st ( COVPANY_DEPARTNMENT) ;

/'l Get the departnent at index O on the list

Dat albj ect departnment = (DataObject) departments. get(0);

/[l Get the list of enployees for the departnent

Li st enpl oyees = departnent. getLi st ( DEPARTMENT EMPLOYEES) ;
/'l Get the enployee at index 1 on the |ist

Dat aCbj ect enpl oyeeFronLi st = (DataOhject) enpl oyees. get(1);

/'l renmove the enpl oyee fromthe graph
enpl oyeeFronLi st. del ete();

/'l create a new enpl oyee
Dat aCbj ect newEnpl oyee =
depart ment . cr eat eDat alhj ect ( DEPARTMENT _EMPLOYEES) ;
newenpl oyee. set (EMPLOYEE_NAME, "Al Snmith");
newenpl oyee. set (EMPLOYEE_SN, "0004");
neweEnpl oyee. set Bool ean( EMPLOYEE_MANAGER, true);

Accessing the Contents of a Sequence

The following code uses the Sequence interface to analyze the contents of a

Dat aG aph that conformsto 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 checksto verify that the contents of the
“| ast Name” property of the Dat aCbj ect matches the contents of the same property
of the Sequence:

public static void checkSequence(Dat aG aph dat aG aph)
{
/'l Access the FornlLetter DataObject fromthe "letters”
/'l property of the root object.
Dat aCbhj ect root Obj ect = dat aG aph. get Root Obj ect () ;
Dat albj ect | etterDataChject = root Object.getDatalhject("letters");
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/'l Access the m xed text Sequence of the FornlLetter
Sequence | etterSequence = | etterDatalbject. get Sequence("m xed");

/1 Print out all the settings that contain unstructured text
Systemout.println("Unstructured text:");
for (int i=0; i<letterSequence.size(); i++)
{
String propertyNane = | etterSequence. get PropertyName(i);
i f (propertyName==null)

String text = (String) |etterSequence. getVal ue(i);
Systemout.println("\t("+text+")");
}
}

/1l Verify that the | astNane property of the DataCbject has the sane
/1l value as the | astNanme property for the Sequence.
String dataCbjectlLastName = | etterDataObject.getString("lastName");
for (int i=0; i<letterSequence.size(); i++)
{

String propertyNane = | etter Sequence. get PropertyName(i);

if ("lastName".equal s(propertyNane))

{

String sequencelLastName = (String)l etterSequence. getVal ue(i);

i f (datanjectlLast Nane == sequencelast Nane)
Systemout.println("Last Nane property matches");

br eak;

}
}
}

Assume that the following XML fileisloaded by the XMLDMVS to produce a Dat aG aph
that is passed to the checkSequence( Dat aG aph) method:

<sdo: dat agr aph xml ns: sdo="conmnonj . sdo"
xm ns:letter="http://letterSchem" >
<l-- Letter Schema -->
<letter:letters>
<dat e>August 1, 2003</date>
Mut ual of Onmaha
Wld Kingdom USA
Dear
<first Name>Casy</first Name>
<l ast Nane>Cr ocodi | e</ | ast Nane>
Pl ease buy nore shark repellent.
Your premiumis past due.
</letter:letters>
</ sdo: dat agr aph>

(Note: this XML conforms to the schema defined in XSD Schemafor Letter Model.)

The output of this method would be:

Unstructured text:
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(Mutual of Omaha)
(WIld Kingdom USA)
(Dear)
(Pl ease buy nore shark repellent.)
(Your premiumis past due.)
Last Nane property natches

Serializing/Deserializing a DataGraph or DataObject

The Dat aCbj ect and Dat aG aph interfacesextendj ava. i 0. Seri al i zabl e, so
any Dat aCbj ect and Dat aGr aph can be serialized. For example, the following code

can be used to serialize agiven Dat aCbj ect into afile with agiven name:

public void serializeDQ(DataObject dataObject, String fil eNane)

{

try

{
/1l serialize data object
Fil eCut put Stream fos = new Fil eQut put Stream(fil eNane);
hj ect Qut put Stream out = new hj ect Qut put St rean(f os) ;
out.witeObject(datalbject);
out. flush();
out.cl ose();
fos.close();

catch (1 OException e)

e.printStackTrace();
t hrow new W appedException(e);
}
}

The following code can be used to deserialize a DataObject from afile with agiven
name:

publ i c Data(hject deserializeDQ(String fil eNane)

{

try

{
/1 de-serialize
FilelnputStreamfis = new Fil el nput Strean(fil eName);
oj ect | nput St ream i nput = new Cbj ect | nput Strean(fis);
Dat aCbj ect dat aObj ect = (DataObject) input.readObject();
i nput.close();
fis.close();
return dataQbject;

catch (1 CException e)

{
e.printStackTrace();

t hrow new W appedException(e);

cat ch (Cl assNot FoundException e)
{
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e.printStackTrace();
t hrow new W appedException(e);

}
}

Similarly, the following code can be used to serialize and deseridlize aDat aG aph:

public void serializeD3 DataG aph dataG aph, String fil eNane)

{
try
{

/'l serialize data graph

Fil eQutput Stream fos = new Fil eQut put Stream(fil eNane) ;
bj ect Qut put Stream out = new hj ect Qut put Strean(fos);

out.witeObject(dataG aph);
out. flush();
out. cl ose();
fos.close();

catch (1 OException e)

e.printStackTrace();
t hrow new W appedException(e);

}

}
public DataG aph deserializeDE String fil eNane)
{

try

{

/1l de-serialize

FilelnputStreamfis = new Fil el nput Strean(fil eName);
bj ect I nput Stream i nput = new Obj ect | nput Strean(fis);
i nput. readObj ect ();

Dat aGraph deseri al i zedDat aGraph = (Dat aGr aph)
i nput.close();

fis.close();

return deserializedDat aG aph;

catch (1 OException e)

e.printStackTrace();
t hrow new W appedException(e);

catch (Cl assNot FoundException e)

e.printStackTrace();
t hrow new W appedException(e);

Using Type and Property with DataObjects
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The Type interface provides access to the metadatafor Dat aCbj ect sina

Dat aG aph. The methodson Type and Property provide information that
describes the propertiesa Dat aCbj ect intheDat aG aph. To obtain the Type for a
Dat aQbj ect , usethe get Type() method.

For example, consider the pri nt Dat aCbj ect method shown below. This method prints
out the contents of a Dat aCbj ect . Each property is displayed metadata accessed
dynamically using Type and Property.

public void printDataObject(Datalhject dataCbject, int indent)
{

/'l Retrieve the Type

Type type = dataCbject. get Type();

/'l For each Property
Li st properties = type.getProperties();
for (int p=0, size=properties.size(); p < size; p++)

if (dataQbject.isSet(p))

{
Property property = (Property) properties.get(p);
if (property.isMany())
{

/'l For many-val ued properties, process a list of values
Li st val ues = dat aCbject. getList(p);
for (int v=0, count=values.size(); v < count; v++)

print Val ue(val ues. get(v), property, indent);

}

}

el se

{
/'l For single-valued properties, print out the val ue
print Val ue(dat aObj ect.get(p), property, indent);

}

}
}
}

void printVal ue(Object value, Property property, int indent)

/1 CGet the nane of the property
String propertyNane = property. get Name();

/1 Construct a string for the proper indentation
String margin = "";
for (int i =0; i < indent; i++)

margin += "\t";

if (value !'= null && property.isContainnent())
{

/'l For contai nnent properties, display the value with
pri nt Dat aObj ect

String typeNanme = property. get Type(). get Nanme();
Systemout.println( margin + propertyName + " (" +typeName+ "):");
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pri nt Dat aCbj ect ((Dat albj ect) val ue, indent + 1);
}

el se

/'l For non-containnment properties, just print the value
Systemout.println(margin + propertyNane + ": " + val ue);
}
}

For example, consider the following XML file:

<sdo: dat agraph xm :version="2.0" xm ns:xm ="http://ww. ong. org/ XM "
xm ns: company="conpany. xsd"
xm ns: sdo="comuonj . sdo" >
<conpany: conmpany nhame="ACVMVE" enpl oyeeOf TheMont h="#i d. 0" >
<departnents nanme="Advanced Technol ogi es" | ocati on="NY"
nunmber =" 123" >
<enpl oyees nanme="John Jones" SN="0001"/>
<enpl oyees xm :id="id. 0" name="Mary Smith" SN="0002"
manager ="true"/>
<enpl oyees nane="Jane Doe" SN="0003"/>
</ depart nment s>
</ conpany: conpany>
</ sdo: dat agr aph>

(Note: this XML conforms to the company model XSD defined in Complete DataGraph
for Company Example.)

If thisfileisloaded using an XML Data Mediator Service, the resulting Dat aGr aph
could be printed out using:

print Dat aCbj ect (dat aG aph. get Root Obj ect (), O0);
The console output for this Dat aGr aph would be:

conpany (Comnpany):
name: ACME
departnents (Departnent):
nane: Advanced Technol ogi es
[ ocation: NY
nunber: 123
enpl oyees (Enpl oyee):
name: John Jones
SN:. 0001
enpl oyees (Enpl oyee):
nane: Mary Smith
SN: 0002
manager: true
enpl oyees (Enpl oyee):
name: Jane Doe
SN:. 0003
enpl oyeef TheMont h:  Enpl oyee (nane=Mary Smith, SN=0002,
manager =t rue, enpl oyeeStatus=full Ti ne)
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Web services and DataGraphs Example

DataGraphs may 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 aweb service invocation.

<?xm version="1.0" encodi ng="UTF-8"7?>
<soap: Envel ope xm ns: soap="http://schemas. xm soap. or g/ soap/ ">
<soap: Header/ >
<soap: Body>
<sdo: dat agraph xm :version="2.0" xm ns:xm ="http://ww. ong. org/ XM"
xm ns: company="conpany. xsd"
xm ns: sdo="commonj . sdo" >
<conpany: conmpany nhame="ACVE" enpl oyeeOf TheMont h="#i d. 0" >
<depart nents nanme="Advanced Technol ogi es" | ocati on="NY"
nunmber =" 123" >
<enpl oyees nanme="John Jones" SN="0001"/>
<enpl oyees xm :id="id.0" name="Mary Smith" SN="0002"
manager ="true"/>
<enpl oyees nanme="Jane Doe" SN="0003"/>
</ depart nment s>
</ conpany: conpany>
</ sdo: dat agr aph>
</ soap: Body>
</ soap: Envel ope>

The SDO Dat aGr aphType alows any root DataObject to be included with the any
element declaration. To constrain the type of root DataObject in DataGraph XML, an
extended DataGraph, ConpanyDat aG aph, can be declared that restricts the typeto a
single expected kind, Conpany Type. The XSD declaration is from the appendix
Complete DataGraph for Company Example.

<xsd: el ement nane="conpany" type="conpany: ConpanyType"/ >
<xsd: conpl exType nane="ConpanyType">

<xsd: sequence>

<xsd: el enent nane="departnents" type="conpany: Departnent Type"

maxQccur s="unbounded"/ >

</ xsd: sequence>

<xsd: attribute nane="nanme" type="xsd:string"/>

<xsd: attribute nane="enpl oyee TheMont h" type="xsd:string"/>

<xsd: anyAttribute nanespace="http://ww. ong. org/ XM "
processCont ents="1 ax"/ >
</ xsd: conpl exType>

This example showsaconpanyDat aG aph with aConpany Ty pe root

Dat aObj ect . These XSD declarations define a Conpany Dat aG aph extending
SDO BaseDat aG aphType with Conpany Ty pe asthe type of root DataObject
instead of any.

<el enent name="conpanyDat agr aph" type="conpany: ConpanyDat aG aphType"/ >
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<conpl exType nane="ConpanyDat aG aphType" >
<conpl exCont ent >
<ext ensi on base="sdo: BaseDat aGr aphType" >
<sequence>
<el enent nanme="conpany" type="conmpany: ConpanyType"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>

This ensures that only the conpany element may appear as the root Dat aCbj ect of
the DataGraph. The SOAP message for the conpanyDat agr aph is:

<?xm version="1.0" encodi ng="UTF-8"7?>
<soap: Envel ope xm ns: soap="http://schemas. xm soap. or g/ soap/ ">
<soap: Header/ >
<soap: Body>
<conpany: conmpanyDat agr aph xm : versi on="2.0"
xm ns: xm ="http://ww. ong.org/ XM "
xm ns: company="conpany. xsd" >
<conpany: conmpany name="ACVE" enpl oyeeOf TheMont h="#i d. 0" >
<depart nents nane="Advanced Technol ogi es" | ocati on="NY"
nunmber =" 123" >
<enpl oyees nanme="John Jones" SN="0001"/>
<enpl oyees xm :id="id.0" name="Mary Smith" SN="0002"
manager ="true"/>
<enpl oyees nane="Jane Doe" SN="0003"/>
</ depart nment s>
</ conpany: conpany>
</ conpany: conpanyDat agr aph>
</ soap: Body>
</ soap: Envel ope>

The WSDL for the Web service with the conpanyDat agr aph isbelow. Thefull
listing is shown in the appendix in Complete WSDL for Web services Example.

<wsdl : definitions name="Nanme"
t ar get Nanespace="htt p:// exanpl e. cont
xm ns:tns="http://exanpl e. cont
xm ns: conpany="conpany. xsd"
xm ns: wsdl =" http://schemas. xm soap. org/ wsdl /"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schene- i nst ance"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >
<wsdl : types>
<schema xm ns="http://ww. w3. or g/ 2001/ XM_Schema"
t ar get Nanespace="conpany. xsd"
xm ns: conpany="conpany. xsd"
xm ns: sdo="conmonj . sdo"
el ement For mDef aul t ="qual i fi ed">
<el enent nane="conpanyDat agr aph”
t ype="conpany: ConpanyDat aGr aphType"/ >
<conpl exType nane="ConpanyDat aG aphType" >
<comnpl exCont ent >
<ext ensi on base="sdo: BaseDat aGr aphType" >
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<sequence>
<el enent name="conpany" type="conpany: ConpanyType"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
</ schema>
</ wsdl : types>

</ wsdl : definitions>

Appendix 1. DataGraph Example

Complete DataGraph Serialization

As mentioned in the section on DataGraph Serialization, the serialization of the
Dat aG aph includes optional elements that describe the model the change information
in addition to the Dat aQbj ect sinthe Dat aG aph.

The model may be described either as an instance of an XML Schema or EM OF Package
(See Complete DataGraph for Company Example) or using an XML Schema (see
Complete DataGraph for Letter Example.)

Complete DataGraph for Company Example

The following XML represents the complete serialization of the Dat aG aph that
includes the changes from the processing described in Accessing Dat aCbj ect susing
XPaths.

<sdo: dat agraph xm :version="2.0" xm ns:xm ="http://ww. ong. org/ XM "
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"
xm ns: company="conpany. xsd"
xm ns: sdo="commonj . sdo" >

<xsd>
<xsd: schena t ar get Nanespace="conpany. xsd" >
<xsd: el ement nane="conpany" type="conpany: ConpanyType"/ >
<xsd: conpl exType nane="ConpanyType">
<xsd: sequence>
<xsd: el enent nane="departnents" type="conpany: Departnent Type"
maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd:attribute nane="nanme" type="xsd:string"/>
<xsd: attribute nane="enpl oyee TheMont h" type="xsd: string"/>
<xsd: anyAttribute nanespace="http://ww. ong. org/ XM "
processCont ents="1 ax"/ >
</ xsd: conpl exType>
<xsd: conpl exType name="Depart ment Type" >
<xsd: sequence>
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<xsd: el enent nane="enpl oyees" type="conpany: Enpl oyeeType"
maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute nane="nanme" type="xsd:string"/>
<xsd: attribute nane="locati on" type="xsd:string"/>
<xsd: attribute nane="nunber" type="xsd:int"/>
<xsd: anyAttribute nanespace="http://ww. ong. org/ XM "
processCont ent s="1 ax"/ >
</ xsd: conpl exType>
<xsd: conpl exType nanme="Enmpl oyeeType" >
<xsd: attribute nane="name" type="xsd:string"/>
<xsd:attribute nane="SN' type="xsd:string"/>
<xsd: attribute nane="manager" type="xsd: bool ean"/>
<xsd: anyAttribute nanespace="http://ww. ong. org/ XmM "
processCont ents="1 ax"/ >
</ xsd: conpl exType>
</ xsd: schema>
</ xsd>
<changeSummary create="#id. 4" del ete="#l 0og. 0" >
<conpany sdo: ref="#id. 0" name="ACVMVE" enpl oyeeCf TheMont h="#| og. 0"/ >
<departnents sdo:ref="#id.1">
<enpl oyees sdo:ref="#id.2"/>
<enpl oyees xm :id="10g.0" nane="Mary Sm th" SN="0002"
manager ="true"/>
<enpl oyees sdo:ref="#id.3"/>
</ depart nment s>
</ changeSummar y>
<conpany: conpany xm :id="id. 0" nane="MegaCorp"
enpl oyeeOf TheMont h="#i d. 4" >
<departnents xm:id="id.1" name="Advanced Technol ogi es"
| ocati on="NY" nunber="123">
<enpl oyees xm:id="id.2" name="John Jones" SN="0001"/>
<enpl oyees xm :id="id.3" name="Jane Doe" SN="0003"/>
<enpl oyees xm :id="id. 4" name="Al Smth" SN="0004"
manager ="true"/>
</ depart nent s>
</ conmpany: conmpany>
</ sdo: dat agr aph>

When using EMOF as metadata, the complete DataGraph serialization is:

<sdo: dat agraph xm :version="2.0" xm ns:xm ="http://ww. ong. org/ XM "
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schemna- i nst ance"
xm ns: company="conpany. xsd"
xm ns: enof ="htt p:// schena. ony. or g/ spec/ nof/ 2. 0/ enof . xm "
xm ns: sdo="comuonj . sdo" >

<nmodel s>
<enof : Package name="conpanyPackage"
uri ="conpanySchema. enmof " >
<ownedType xsi:type="enof:C ass" nanme="ConpanySchenma" >
<ownedPr operty nane="conpany" type="#nodel. 0"
cont ai nnent ="true"/ >

</ ownedType>
<ownedType xsi:type="enof:d ass" xm :id="nopdel.0" name="Conmpany">
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<ownedProperty nane="departnments" type="#nodel.1" upperBound="-

cont ai nnent ="true"/ >
<ownedPr operty nane="enpl oyeef TheMont h" type="#nodel . 7"/ >
<ownedPr operty nane="nane">
<type xsi:type="enof: DataType"

href="http://schema. ong. or g/ spec/ nof / 2. 0/ enof . xm #String"/>
</ ownedPr operty>
</ ownedType>
<ownedType xsi:type="enof:d ass" xm :id="nodel.1"
name="Depart nment" >
<ownedPr operty nane="enpl oyees" type="#npdel.2" upperBound="-1"
cont ai nnent ="true"/ >
<ownedPr operty nane="nane">
<type xsi:type="enof: DataType"

href="http://schema. ong. or g/ spec/ nof / 2. 0/ enof . xm #String"/>
</ ownedPr operty>
<ownedProperty nane="l| ocati on" >
<type xsi:type="enof: DataType"

href="http://schema. ong. or g/ spec/ nof /2. 0/ enof . xm #String"/>
</ ownedPr operty>
<ownedPr operty nane="nunber" >
<type xsi:type="enof: DataType"

href="http://schema. ong. or g/ spec/ nof / 2. 0/ enof . xmi #l nt eger"/ >
</ ownedPr operty>
</ ownedType>
<ownedType xsi:type="enof:d ass" xm :id="nodel.2"
nanme="Enpl oyee" >
<ownedProperty name="nanme">
<type xsi:type="enof: Dat aType"

href="http://schema. ong. or g/ spec/ nof /2. 0/ enof . xm #String"/>
</ ownedPr operty>
<ownedProperty nanme="SN'>
<type xsi:type="enof: DataType"

href="http://schema. ong. or g/ spec/ nof / 2. 0/ enof . xm #String"/>
</ ownedPr operty>
<ownedProperty nanme="manager" >
<type xsi:type="enof: Dat aType"

href="http://schema. ong. or g/ spec/ nof/ 2. 0/ enof . xm #Bool ean"/ >
</ ownedPr operty>
<ownedPr operty nane="enpl oyeeSt at us" type="#nodel .3"/>
</ ownedType>
<ownedType xsi:type="enof: Enuneration" xm:id="nodel.3">
<ownedLi teral name="full Ti ne" val ue="1"/>
<ownedLi teral nanme="partTi me" val ue="2"/>
</ ownedType>
</ enof : Package>
</ model s>
<changeSummary create="#id. 4" del ete="#l 0og. 0" >
<conpany sdo: ref="#id. 0" name="ACMVE" enpl oyeeCf TheMont h="#I og. 0"/ >
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<departnents sdo:ref="#id.1">
<enpl oyees sdo:ref="#id.2"/>
<enpl oyees xm :id="10g.0" nane="Mary Sm th" SN="0002"
manager ="true"/>
<enpl oyees sdo:ref="#id.3"/>
</ depart nment s>
</ changeSummar y>
<conpany: conpany xm :id="id. 0" nane="MegaCorp"
enpl oyeeOf TheMont h="#i d. 4" >
<departnents xm:id="id.1" name="Advanced Technol ogi es"
| ocati on="NY" nunber="123">
<enpl oyees xm :id="id.2" name="John Jones" SN="0001"/>
<enpl oyees xm :id="id.3" name="Jane Doe" SN="0003"/>
<enpl oyees xm :id="id. 4" name="Al Smth" SN="0004"
manager ="true"/>
</ depart nment s>
</ conpany: conpany>
</ sdo: dat agr aph>

Complete DataGraph for Letter Example

ThisDat aG aph isused asthe input for the example shown in Accessing the Contents
of a Sequence. In this casethe XSD for the letter is sent as an option, along with the
Dat aCbj ect s. No summary information is sent. When the receiver reads the

Dat aG aph, the XSD is the metadata and the letter is the data.

<sdo: dat agr aph xmi : versi on="2. 0"
xm ns: xm ="http://ww. ong. org/ XM "
xm ns: sdo="comonj . sdo"
xm ns: xsd="http://www. w3. or g/ 2001/ XM_Schena"
xmns:letter="http://letterSchem">
<xsd>
<xsd: schema t arget Nanespace="1etter.xsd">
<xsd: el enent nane="letters" type="letter: FornLetter"/>
<xsd: conpl exType name="FormlLetter" m xed="true">
<xsd: sequence>
<xsd: el ement nane="date" m nCccurs="0" type="xsd:string"/>
<xsd: el ement nanme="firstName" m nCccurs="0"
type="xsd:string"/>
<xsd: el ement nane="| ast Nane" m nCccurs="0"
type="xsd:string"/>
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: schema>
</ xsd>
<letter:letters>
<dat e>August 1, 2003</date>
Mut ual of Qmaha
Wld Kingdom USA
Dear
<first Name>Casy</first Name>
<l ast Nane>Cr ocodi | e</ | ast Nane>
Pl ease buy nore shark repellent.
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Your premiumis past due.
</[letter:letters>
</ sdo: dat agr aph>

Complete WSDL for Web services Example
The full WSDL from the Using Web services with DataGraph Example.

<wsdl : definitions name="Nanme"
t ar get Nanespace="htt p: // exanpl e. cont
xm ns:tns="http://exanpl e. cont
xm ns: conpany="conpany. xsd"
xm ns: wsdl ="http://schemas. xm soap. org/ wsdl /"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schene- i nst ance"
xm ns: xsd="http://www. w3. or g/ 2001/ XM_Scherma" >
<wsdl : types>
<schema xm ns="http://ww. w3. or g/ 2001/ XM_Schema"
t ar get Nanespace="conpany. xsd"
xm ns: conpany="conpany. xsd"
xm ns: sdo="conmonj . sdo"
el ement For mDef aul t ="qual i fi ed">
<el enent nane="conpanyDat agr aph”
t ype="conpany: ConpanyDat aGr aphType"/ >
<conpl exType nane="ConpanyDat aG aphType" >
<comnpl exCont ent >
<ext ensi on base="sdo: BaseDat aGr aphType" >
<sequence>
<el enent name="conpany" type="conpany: ConpanyType"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
</ schema>
</ wsdl : t ypes>
<wsdl : message nane="fooMessage" >
<wsdl : part nanme="body" el enment ="conpany: conpanyDat aG aph"/ >
</ wsdl : nessage>
<wsdl : message nane="fooResponseMessage" ></wsdl : nessage>
<wsdl : port Type nane="fooPort Type">
<wsdl : operati on nane="nyQperation">
<wsdl : i nput nessage="tns: fooMessage"/ >
<wsdl : out put nmessage="t ns: f ooResponseMessage"/ >
</ wsdl : operati on>
</ wsdl : port Type>
<wsdl : bi ndi ng name="f o0oBi ndi ng" type="tns:fooPort Type">
<soap: bi ndi ng styl e="docunent"
transport="http://schemas. xnl soap. org/ soap/ http"/>
<wsdl : operati on nanme="nyQperation">
<soap: operation/ >
<wsdl : i nput >
<soap: body use="literal"/>
</ wsdl : i nput >
<wsdl : out put >
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<soap: body use="literal"/>
</ wsdl : out put >
</ wsdl : operati on>
</ wsdl : bi ndi ng>
<wsdl : servi ce nanme="nyService">
<wsdl : port nanme="nyPort" bi ndi ng="tns: fooBi ndi ng">
<soap: address | ocation="http://I| ocal host/nyservice"/>
</ wsdl : port>
</ wsdl : servi ce>
</wsdl : definitions>

Appendix 2: Type Conversions

The type conversions marked X and x are supported, based on the Java 1.4 APIs[6]. X is
an identity, and x isacall to aconversion API such as Integer.longValue(). Conversions
between the primitive and object wrapper form are aso supported.

To->
2l

From § o | 'gg g

S| 9 o| 5| £ > &
v 812 2|58z 825522 ¢
boolean X X
byte X X | X | X | x| x| X
char X X
double X X | x| x| x| x| X X | X
float X X | X | X | X | X | X X | X
int X X | X | X | X | X | X X | X
long X X | X | x| X | X | X X | X | X
short X X | X | X | X | X | X
String X | X | x| x| x| x| x| x|[X X | X
byte{] X X
BigDecimal X | X | x| X X X | x
Biglnteger X | X | x| X X | X | x| X
Date X X
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