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Preface

The Spring Data JDBC Extensions project provides advanced JDBC features that extends the support
provided by the "spring-jdbc" module in the Spring Framework project.

The bulk of the features in the Spring Data JDBC Extensions project is made up of code ported from the
SpringSource project "Advanced Pack for Oracle Database" that was available for support subscription
customers. We are now making this code available to all Spring users and any new developments will
be made in the Spring Data JDBC Extensions project.

There is also support for using the Querydsl SQL module to provide type-safe query, insert, update and
delete functionality.
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This part of the reference documentation details the core extended JDBC support that can be used for
any supported SQL database.
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Overview

The JDBC support in the Spring Framework is extensive and covers the most commonly used features,
but there are some new usage scenarios like type-safe queries that warrants some extension to be
provided. The core part of the Spring Data JDBC Extensions project provides this type of extension and
it can be used together with any supported SQL database.

1 Features provided

The following lists the various features that are covered. Each feature is documented in more detail in
the following chapters

» Core support
The core support provides extensions to the Spring Framework JDBC support.

* Querydsl
The Querydsl project provides a way to work with many datastore in a type-safe manner. This includes
support for working with SQL databases. We provide the "glue" that let's you easily work with Querydsl|
in a Spring based project.

2 Requirements

The requirements for using the features provided in the cor e module of the "Spring Data JDBC
Extensions" project are listed below.

» Java 7 or later
The minimum Java version is now 1.7.

e Spring Framework 4.1
All Spring Framework features that are needed are provided in Spring Framework version 4.1 or later.

» Apache Commons Logging
Apache Commons Logging is used by the Spring Framework but it can be replaced by the jcl-over-
slf4j bridge provided by the SLF4J project.

e Querydsl
The Querydsl support requires the use of Querydsl SQL module version 3.x or later.

Spring Data JDBC Extensions
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1. Support classes that extend Spring features

The Spring Framework projects JDBC support is excellent but every now and then there are some
features that seem useful, but might not warrant inclusion in the framework project itself. The Spring
Data JDBC Extensions project provides a home for these type of extensions.

1.1 Mapping a one-to-many relationship

We often have to map one-to-many relationships in our database projects. A customer can have
many addresses, an order can contain many line items and so on. We are now providing a
Resul t Set Ext r act or implementation to deal with this common task.

Let's look at the schema definition first:

CREATE TABLE cust oner (
id BIG NT | DENTI TY PRI MARY KEY
name VARCHAR(255));
CREATE TABLE address (
id BIG NT | DENTI TY PRI MARY KEY
customer _id Bl G NT CONSTRAI NT address_cust oner _ref
FOREI GN KEY REFERENCES customer (id)
street VARCHAR(255)
city VARCHAR(255));

Two tables linked by a foreign key constraint. To map this we need two domain classes - Cust oner
and Addr ess where Cust oner has a Set of Addr esses.

public class Custoner {
private Integer id
private String nane
private Set<Address> addresses = new HashSet <Address>();

publ i c Set <Addr ess> get Addresses() {
return addresses

}

public voi d addAddr ess(Address address) {
t hi s. addr esses. add( addr ess) ;

}

/] other setters and getters

}

Spring Data JDBC Extensions
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public class Address {
private |Integer id
private String street;
private String city;

/| setters and getters

}

Executing the following query we would potentially get multiple rows returned for each customer.

Li st<Custonmer> result = tenpl ate. query(
"sel ect customner.id, customer.nanme, address.id, " +
"address. custoner _id, address.street, address.city " +
"from custonmer " +
"left join address on custoner.id = address.custoner_id " +
"order by custoner.id",
resul t Set Extractor);

To be able to handle the multiple rows we create a new Custoner Addr essExtract or
that extends the abstract class OneToManyResul t Set Extractor. We parameterize the
OneToManyResul t Set Ext r act or with the root class (Cust oner), the child class (Addr ess), and
the class for the primary and foreign key (I nt eger).

public class Custoner AddressExtractor extends
OneToManyResul t Set Extract or <Cust omer, Address, |nteger> {

publ i ¢ Custoner AddressExtractor() {
super (new Cust oner Mapper (), new Addr essMapper());

}

@verride
protected | nteger mapPrimaryKey(ResultSet rs) throws SQLException {
return rs.getlnt("custoner.id");

}
@verride
protected I nteger mapForei gnKey(Resul tSet rs) throws SQLException {
if (rs.getObject("address.custoner_id") == null) {
return null;
}
el se {
return rs.getlnt("address. custoner_id");
}
}
@verride

protected void addChi |l d(Custoner root, Address child) {
root . addAddr ess(chil d);
}
}

We need a way to match the primary key of the Customer with the foreign key of the Address so we
provide mappings for these via the abstract methods mapPr i mar yKey and mapFor ei gnKey. We have
to take into account that there might not be an address record for every customer so the foreign key could
be nul | . We also need to add the mapped Addr ess instances to the Cust oner instance. We do this

Spring Data JDBC Extensions
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by implementing the abstract method addChi | d. We simply call the addAddr ess on the Cust oner
class here.

Looking at the constructor of the CustomerAddressExtractor we see that we call the super constructor
providing Rowapper implementations for the Cust omer and the Address classes. These are
standard RowiVapper s that we in this example provide as static inner classes.

private static class Custoner Mapper inplenents Rowvapper <Custoner> {

public Custoner mapRow ResultSet rs, int rowNum throws SQ.Exception {
Custonmer ¢ = new Custoner();
c.setld(rs.getlnt("custoner.id"));
c.set Name(rs. getString("custoner.nane"));
return c;

private static class AddressMapper inplenents Rowivapper <Address> {

publ i c Address mapRow ResultSet rs, int rowNun) throws SQLException {
Address a = new Address();
a.setld(rs.getlnt("address.id"));
a.setStreet(rs.getString("address.street"));
a.setCity(rs.getString("address.city"));
return a;

We now have a complete solution for this common problem.

Spring Data JDBC Extensions
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Overview

The Oracle Database is a powerful relational database that continues to lead the market in several
areas. It has advanced support for replication and clustering, powerful support for stored procedures and
support for advanced data types and XML data types. Many of these features aren't directly supported
by the JDBC standard and Oracle has developed several extensions to their JDBC implementation to
make access to these features possible.

The Spring Data JDBC Extensions project's support for the Oracle Database provides a simplified
approach to gain access to these advanced features and at the same time provide this support in a
fashion that is in line with the JDBC support provided by the Spring Framework and its JDBC abstraction.

1 Features provided

The majority of features provided by the Oracle Database and their JDBC implementation are already
well supported by the core Spring Framework. There are however some advanced features not
covered by the JDBC specification that provide some interesting functionality. The Spring Data JDBC
Extension project provides explicit support for some of these features and it also provides documentation
and examples how to take advantage of some of Oracle's JDBC extensions using standard Spring
Framework APIs.

The following lists the various features that are covered. Each feature is documented in more detail in
the following chapters

* RAC "Fast Connection Failover"
The RAC "Fast Connection Failover" provides the ability to have a Spring application transparently
failover when a database node fails.

» Streams AQ (Advanced Queueing)
The AQ support provides the option of using a single local transaction manager for both database and
message access without resorting to expensive distributed 2-phase commit transaction management.

« XML Types
Custom classes, examples and documentation on how to use Oracle JDBC extensions for their native
XML Type.

» Advanced Data Types
Custom classes, examples and documentation on how to use Oracle JDBC extensions for their
advanced data types like STRUCT and ARRAY.

» Custom DataSource Connection Preparer
This feature provides an API for customizing the connection environment with Oracle specific session
settings etc.

2 Requirements

The requirements for using the features provided in the or acl e module of the "Spring Data JDBC
Extensions" project are listed below.

» Java 7 or later
The minimum Java version is now 1.7.

Spring Data JDBC Extensions
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e Spring Framework 4.1
All Spring Framework features that are needed are provided in Spring Framework version 4.1 or later.

» JDBC driver for Oracle 12c R1
All features are supported using the Oracle JDBC driver 12.1.0.2 or later.
You can use a database compatible with this driver. This includes Oracle Database 12¢ R1, 11g R2
and 11g R1

» Apache Commons Logging
Apache Commons Logging is used by the Spring Framework but it can be replaced by the jcl-over-
slf4j bridge provided by the SLF4J project.

e Spring Retry
The Fast Connection Failover support requires using the Spring Retry project (https://github.com/
spring-projects/spring-retry).

Spring Data JDBC Extensions
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2. Oracle Pooling DataSource

Oracle provides an advanced DataSource implementation that has some unique features. It provides
connection pooling and it is required when using "Fast Connection Failover” for RAC.

2.1 Configuration using the traditional <bean> element

We'll start by looking at a very basic DataSource configuration using the traditional <bean> element.

<beans xm ns="http://ww. springframework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: cont ext ="http://wwmv. springfranmewor k. or g/ schema/ cont ext"
xsi : schemalLocati on="htt p://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframewor k. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframewor k. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng- cont ext - 3. 0. xsd" >

<bean i d="dat aSource" cl ass="oracl e.jdbc. pool. O acl eDat aSour ce" destroy-
net hod="cl ose"> [
<property name="URL" val ue="${jdbc.url}" /> 0O
<property name="user" val ue="${j dbc. usernanme}"/> O
<property nane="password" val ue="${j dbc. password}"/> 0O
<property nane="connecti onCachi ngEnabl ed" val ue="true"/> 0O
</ bean>

<cont ext: property-pl acehol der | ocati on="cl asspath: jdbc. properties"/> O

</ beans>

O Here we specify the Dat aSour ce implementation class as the Or acl eDat aSour ce.

0 We specify the URL using the URL property. Note that it is upper case in this implementation while
it is lower case in most other Dat aSour ce implementations.

O The user name is specified using the user property.

0 The password is specified using the passwor d property.

O The connection caching must be enabled explicitly using the connect i onCachi ngEnabl ed
property.

O The property place holders will be filled in using this <cont ext: property-pl acehol der >
element from the context namespace.

2.2 Using the "orcl" namespace to configure the
OracleDataSource

The new "orcl" namespace contains a pool i ng- dat a- sour ce element used for easy configuration
of the Or acl eDat aSour ce. We will show several ways this element can be used and we will start with
a basic one that can replace the traditional <bean> element configuration used above.

When using the pool i ng- dat a- sour ce element connection caching is enabled by default and must
explicitly be turned off using the connect i on- cachi ng- enabl ed attribute if you don't want to use
this pooling support.

Spring Data JDBC Extensions
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: context ="http://wwm. springfranmewor k. or g/ schema/ cont ext"
xm ns: orcl="http://ww. springfranmework. org/ schema/datal/orcl" O
Xsi : schemaLocati on="htt p: //ww. spri ngfranewor k. or g/ schema/ beans
http://ww. springframework. or g/ scherma/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springfranmewor k. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng-cont ext - 3. 0. xsd
http://ww. springframework. org/ schema/ data/orcl 0O
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng- dat a- orcl - 1. 0. xsd" >

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
url ="${jdbc.url}" username="${j dbc. usernane}" password="${j dbc. password}"/> O

<cont ext: property-pl acehol der | ocati on="cl asspath: jdbc. properties"/> O

</ beans>

O Here we specify the reference to the or cl schema.

We also specify the location for the or ¢l schema.

0 The properties needed to connect to the database in this example are url, user nane and
passwor d. The ur| property could also be specifiec as URL and the user nane property could
be specifed as user.

0 Just as in the previous example, the property place holders will be filled in using this
<cont ext : property- pl acehol der > element from the context namespace.

O

2.3 Using a properties file directly for connection properties

We used a property- pl acehol der in the previous example to provide connection properties. We
can also read the properties directly from a properties file without using placeholders. This is done by
using a properti es-1 ocat i on attribute specifying the location of the properties file.

© Note

When you specify properties using a property file there are two basic properties, url and
username, where you can use the Oracle property name or the name traditionally used by Spring
developers. For url we also accept URL and for username we also accept user.

We will use the following property file named or cl . properti es and we will place it at the root of
the classpath.

url =j dbc: oracl e: thin: @/ naui : 1521/ xe
user nane=spring
passwor d=spri ng

Once we have this file in place we can reference it from our pool i ng- dat a- sour ce entry and omit
the property plceholder declarations for any properties provided in this file.

Spring Data JDBC Extensions
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: cont ext ="htt p://ww. spri ngfranewor k. or g/ schena/ cont ext "
xm ns:orcl ="http://ww. springfranework. org/ schena/ dat a/ orcl "
xsi : schemaLocati on="htt p://ww. spri ngfranmewor k. or g/ schema/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ cont ext
http: //wwv. spri ngfranewor k. or g/ schenma/ cont ext / spri ng- cont ext - 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ or cl
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd" >

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
properties-locati on="cl asspath:orcl.properties"/> [

</ beans>

O The pool i ng- dat asour ce with the properties-I| ocati on specified. The URL, user and
passwor d properties will be read from the provided properties file.

You can even remove the properti es-1ocati on attribute as long as you use the default location
and name which is a file named or cl . properti es at the root of the classpath.

<beans xm ns="http://ww. spri ngfranework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: context ="http://wwm. spri ngframework. or g/ schema/ cont ext "
xm ns: orcl ="http://ww. springfranmewor k. or g/ schema/ dat a/ orcl "
xsi : schemalLocati on="htt p://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframework. or g/ scherma/ beans/ spri ng- beans- 3. 0. xsd
http: //ww spri ngfranmewor k. or g/ schema/ cont ext
http://ww. springfranework. or g/ schema/ cont ext/spri ng-cont ext-3. 0. xsd
http://ww. springframewor k. or g/ schema/ dat a/ or cl
http://ww. spri ngfranewor k. or g/ schenma/ dat a/ orcl / spri ng-dat a-orcl - 1. 0. xsd" >

<orcl : pool i ng-dat asource i d="dataSource"/> [

</ beans>

O Thepool i ng- dat asour ce without properties or the pr operti es-1 ocat i on specified. We are
relying on the default properties file name and location.

2.4 Additional connection and cache properties

It's sometimes necessary to provide additional connection properties to control how the database access
is configured. There are several ways you can provide these properties and they are outlined below.

Using the property file for additional connection properties

We can provide additional connection properties by ust adding them to the properties file we used in
the example above.

url =j dbc: oracl e: thin: @/ nmaui : 1521/ xe
user name=spri ng

passwor d=spri ng

processEscapes=f al se

Any properties specified in addition to the standard URL/url, user/username and password will be used
for configuring the Or acl eDat aSour ce.

Spring Data JDBC Extensions
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We can also use a prefix for the connection properties. This can be useful if the properties file contain
other properties like connection cache properties. We will see how these additional properties are used
later on.

conn. url =j dbc: oracl e:thin: @/ maui : 1521/ xe
conn. user nane=spri ng

conn. passwor d=spri ng

conn. processEscapes=f al se

The prefix must be specified in the pool i ng- dat a- sour ce element configuration. It is specified using
the connecti on- properti es- prefi x attribute.

<beans xm ns="http://ww. spri ngfranework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: cont ext ="htt p: //ww. spri ngfranmewor k. or g/ schena/ cont ext "
xm ns: orcl ="http://ww. springfranmework. org/ schema/ data/ orcl"
xsi : schemalLocati on="http://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframewor k. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframewor k. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng- cont ext - 3. 0. xsd
http://ww. springframework. org/ schema/ dat a/ orc
http://ww. springfranmework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl-1.0.xsd">

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
connection-properties-prefix="conn" O

properties-locati on="cl asspath: orcl.properties"/>

</ beans>

0 Theconnecti on-properties-prefixis specified here.

Using the property file for additional cache properties

We can also specify connection cache properties in the properties file. We must use a prefix for these
connection cache properties to distinguish them from the regular connection properties. In this example
we are using "cache" as the prefix.

conn. url =j dbc: oracl e:thin: @/ maui : 1521/ xe
conn. user name=spri ng

conn. passwor d=spri ng

conn. processEscapes=f al se
cache. I nitial Li mit=10

The connection cache prefix must be specified using the connect i on- cache- properti es-prefix
attribute.

Spring Data JDBC Extensions
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: cont ext ="htt p://ww. spri ngfranewor k. or g/ schena/ cont ext "
xm ns:orcl ="http://ww. springfranework. org/ schena/ dat a/ orcl "
xsi : schemaLocati on="htt p://ww. spri ngfranmewor k. or g/ schema/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ cont ext
http: //wwv. spri ngfranewor k. or g/ schenma/ cont ext / spri ng- cont ext - 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd" >

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
connecti on-properties-prefix="conn"

connecti on-cache-properties-prefix="cache" [0
properties-|ocati on="cl asspath: orcl.properties"/>

</ beans>

O Theconnecti on-cache-properties-prefix is specified here.

Using "connection-properties” element for additional connection properties

The connection properties can be specified using the connect i on- properti es element.

© Note

If you specify a connecti on- properti es element then any connection properties specified
in a property file other than the basic url, username and password will not be used.

<beans xm ns="http://ww. springframework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: cont ext ="htt p: //ww. spri ngfranmewor k. or g/ schena/ cont ext "
xm ns: orcl="http://ww. springframewor k. org/ schena/ dat a/ orcl "
xsi : schemalLocati on="http://ww. spri ngframewor k. or g/ schena/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng-cont ext - 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. org/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd">

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
properties-location="cl asspath:orcl.properties">
<orcl : connecti on-properties>
processEscapes=fal se O
</orcl:connection-properties>
</ orcl: pool i ng- dat asour ce>

</ beans>

O The connection properties are specified here.

Using "connection-cache-properties” element for additional cache
properties

The connection cache properties can be specified using the connecti on- cache- properties
element.
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© Note

If you specify a connecti on-cache-properties element then any connection cache
properties specified in a property file will not be used.

<beans xm ns="http://ww. spri ngfranework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: cont ext ="http://wwmv springfranmewor k. or g/ schema/ cont ext "
xm ns: orcl="http://ww. springfranmewor k. org/ schena/ dat a/ orcl "
xsi : schemalLocati on="http://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. spri ngfranewor k. or g/ schena/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springfranmewor k. or g/ schema/ cont ext
http://ww. springframewor k. or g/ schema/ cont ext/ spri ng-cont ext - 3. 0. xsd
http: // ww. spri ngf ranewor k. or g/ schena/ dat a/ orc
http://ww. springfranework. org/ schema/ dat a/ orcl / spri ng-data-orcl-1.0.xsd">

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
properties-location="cl asspath:orcl.properties">
<orcl: connecti on-properties>
processEscapes=f al se
</orcl:connection-properties>
<orcl : connecti on-cache-properties>
InitialLimt=10 O
</orcl:connection-cache-properties>
</ orcl: pool i ng- dat asour ce>

</ beans>

0 The connection cache properties are specified here.

Using "username-connection-proxy" element for proxy connections

The Oracle JDBC driver provides proxy authentication. This means that you can configure a connection
pool using a proxy user account with limited rights. Then during the connection process you would
specify the actual username for the end user. This username must be configured to allow a proxy
connection through the user proxy ("grant connect through proxyuser"). See ??? for more details on
this usage.

Connection proxy authentication is configured using the user nane- connecti on- pr oxy element.
You also need to provide a user name provider that implements the Connect i onUser nanePr ovi der
interface. This interface has a single method named get User Name that should return the username
for the current end user to be connected via the proxy user.
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<beans xm ns="http://ww. spri ngf

</ orcl : pool i ng- dat asour ce>

<bean i d="user naneProvi der"

</ beans>

0 The connection proxy usernam

http://ww. spri ngfranmewor k.
http://ww. springframework. or g/ schema/ cont ext
http://ww. spri ngfranewor k.
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework.

ramewor k. or g/ schena/ beans"

xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"

xm ns: cont ext ="htt p://ww. spri ngfranewor k. or g/ schena/ cont ext "

xm ns: orcl="http://ww. springframewor k. org/ schena/ dat a/ orcl "

xsi : schemaLocati on="htt p://ww. spri ngfranmewor k. or g/ schema/ beans
or g/ schena/ beans/ spri ng- beans- 3. 0. xsd

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
properties-location="cl asspath:orcl.properties">

e provider is specified here.

or g/ schema/ cont ext/ spri ng- cont ext - 3. 0. xsd

org/ schenma/ dat a/ orcl / spri ng-dat a-orcl - 1. 0. xsd" >

<orcl : user nanme- connecti on- proxy connecti on-cont ext - provi der="user naneProvi der"/> [

cl ass="org. spri ngframewor k. dat a. j dbc. t est. Curr ent User nanePr ovi der "/ >

2.5 Summary of configuration options for the "pooling-data-

source"

The pool i ng- dat a- sour ce element has the following attributes:

Table 2.1. <pool i ng- dat a- sour ce> attribute settings

Attribute Required | Default  Description

ur | Yes The url to be used for connecting
to the database. Can be
provided in a property file.
Alternate property name is URL

user name No The user name used to connect.
Can be provided in a property
file. Alternate property name is
user

passwor d No The password used to connect.
Can be provided in a property
file.

connect i on- cachi ng- enabl ed No true Is connection caching enabled?

fast-connection-fail over-enabl ed | No fal se Is the fast connection failover
feature enabled?

ONS- configuration No The ONS configuration string.

properties-1|ocation No The location of a properties file
containing key-value pairs for
the connection and connection
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Attribute Required | Default ~ Description

cache environment using a
specific prefix to separate
connection cache properties
from connection properties (in
standard Properties format,
namely ‘'key=value' pairs). If
no location is specified a
properties file located at
cl asspat h: orcl . properties
will be used if found.

connecti on-properties-prefix No The prefix that is used for
connection properties provided
in the property file.

connecti on-cache- properties- No The prefix that is used for
prefix connection cache properties
provided in the property file.

The pool i ng- dat a- sour ce element has the following child elements:

Table 2.2. <pool i ng- dat a- sour ce> child elements

Element Description

connecti on-properties The newline-separated, key-value pairs for the connection
properties (in standard Properties format, namely
'key=value' pairs)

connecti on-cache- properties The newline-separated, key-value pairs for the connection-
cache-properties (in standard Properties format, namely
'key=value' pairs)

user name- connect i on- pr oxy The configuration of a proxy authentication using a
connection context provider
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3. Fast Connection Failover

Oracle's RAC (Real Application Clusters) is an option that supports deployment of a single database
across a cluster of servers, providing fault tolerance from hardware failures or other outages. Since a
single database is served by a number of nodes, any node failure can be detected and subsequent
operations can be directed to other nodes in the cluster. This support is provided by the "Fast Connection
Failover" feature (FCF). When the failover occurs the current transaction is rolled back and a new
transaction has to be initiated.

Spring's FCF support detects the transaction failure and attempts to retry the entire transaction. If this
retry is successful it means that the client of the failed application will be unaware of this failover and it
will look like the transaction completed after a brief delay.

The configuration for the FCF support is a two step configuration. First you need to configure a
Dat aSour ce for RAC and second you need to configure an AOP advisor with a failover interceptor
to handle the retries.

3.1 DataSource Configuration

We are going to need a DataSource that is capable of participating in a "Fast Connection
Failover" scenario. The only one we have available is the or acl e. j dbc. pool . Or acl eDat aSour ce
implementation that we will configure using the "orcl" namespace. This Dat aSour ce configured with
some additional properties used for RAC.

We will be using the following property file to specify the username and password for the following
example.

user name=spri ng
passwor d=spri ng

The url used in this example is a two node RAC configuration using the thin driver. It is probably too long
to fit on the screen or on the page so if you would like to see the entire url it's listed in the callout notes.
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: cont ext ="htt p://ww. spri ngfranewor k. or g/ schena/ cont ext "
xm ns: orcl="http://ww. springframewor k. org/ schena/ dat a/ orcl "
xsi : schemaLocati on="htt p://ww. spri ngfranmewor k. or g/ schema/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ cont ext
http: //wwv. spri ngfranewor k. or g/ schenma/ cont ext / spri ng- cont ext - 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd" >

<orcl : pool i ng- dat asour ce i d="racDat aSour ce"

url ="jdbc: oracl e:thi n: @description=(address_|ist=
(addr ess=(host =racl) (protocol =t cp) (port=1521))
(addr ess=(host =rac2) ( protocol =t cp) (port=1521)))
(connect _dat a=(servi ce_nane=racdbl)))"

properties-|ocation="cl asspath: orcl.properties"

fast-connection-fail over-enabl ed="true" O

ONS- confi guration="racl: 6200, rac2: 6200"/> O

<bean i d="transacti onManager"
cl ass="org. spri ngframewor k. j dbc. dat asour ce. Dat aSour ceTr ansact i onManager " >
<property nane="dat aSource" ref="racDataSource"/>
</ bean>

</ beans>

0 The fast connection failover is enabled here.
0 The ONS (Oracle Notification Service) configuration is defined here since we are using the thin
driver for this example.

3.2 AOP Configuration for Fast Connection Failover Retry

In order for the Fast Connection Failover to be transparent to the end user you need to consider the
overall impact of this failover. The original transaction will fail and another transaction will be started
to retry the same operation. You need to consider any non-transactional side effects that the failed
transaction might have caused. You also need to consider work done while the transaction is suspended.
This could happen if a method with a transactional attribute of "REQUIRES_NEW" is executed within
the original transaction.

Once you have considered any possible side effects, you can proceed to configure a
RacFailoverInterceptor together with the AOP advisor and pointcut. The failover advisor must be before
or at the same pointcut where the transaction advisor is applied. If the pointcuts for the failover advisor
and the transaction advisor are at the same pointcut then the failover advisor must have a higher priority
than the transaction advisor that it should wrap.

For the AOP advisor configuraton we use the "aop" namespace and for the
RacFai |l overlnterceptor we use the rac-failover-interceptor tag from the "orcl"
namespace.

Configuration when defining transactions using a <tx:advice> and an
<aop:advisor>

When using a <t x: advi ce> combined with an <aop: advi sor > you simply add an additional
<aop: advi sor> for the RAC failover Interceptor referencing the <orcl:rac-fail over-
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i nt ercept or > element. You must make sure that the RAC failover interceptor comes before the
transaction advice and you can do that by specifying the order attribute on the advisor for the RAC
failover interceptor. Any advisor specified without an order automatically gets the lowest priority, so by
specifying or der =" 1" for the RAC failover interceptor we are assured this advice will come before the
transaction advice.

<beans xm ns="http://ww. springframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: aop="http://ww. springfranmework. or g/ schema/ aop"
xm ns: tx="http://ww.springframework. org/ schema/t x"
xm ns: orcl ="http://ww. springfranmewor k. or g/ schema/ dat a/ orcl "
xsi : schemalLocati on="http://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
htt p: // wwv. spri ngf ranewor k. or g/ schema/ aop
http://ww. springframewor k. or g/ schema/ aop/ spri ng- aop- 3. 0. xsd
http://ww. springframework. or g/ schema/ t x
htt p: // ww. spri ngf ranewor k. or g/ schenma/ t x/ spri ng-tx- 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. org/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd">

<aop: confi g>
<aop: advi sor poi ntcut="execution(* *..PetStoreFacade.insertOder(..))" O
advi ce-ref="racFai |l overlnterceptor" order="1"/>
<aop: advi sor poi nt cut ="execution(* *..PetStoreFacade.*(..))" O
advi ce-ref ="t xAdvi ce"/ >
</ aop: confi g>

<orcl:rac-failover-interceptor id="racFailoverlnterceptor"/> 0O

<t x: advi ce id="t xAdvi ce">
<tx:attributes>
<t x: met hod nanme="insert*"/>
<t x: net hod name="updat e*"/ >
<t x: net hod name="*" read-only="true"/>
</[tx:attributes>
</t x: advi ce>

</ beans>

0 The advisor defined for the RAC failover interceptor. This must have a higher order than the
transaction advisor. We do use the same pointcut

O The standard transaction advice defined here.

0 The RAC failover interceptor is defined using the r ac- f ai | over -i nt er cept or element of the
"orcl" namespace.

Configuration when defining transactions using @Transactional annotation

When using a <tx:annotation-driven> configuration you add <aop:config> entry with an
<aop: advi sor > element for the RAC failover Interceptor referencing the <orcl : rac-fail over-
i nt ercept or > element. You must make sure that the RAC failover interceptor comes before the
transaction advice and you can do that by specifying the order attribute on the advisor for the RAC
failover interceptor. Any <tx:annotation-driven> specified without an order automatically gets the lowest
priority, so by specifying or der =" 1" for the RAC failover interceptor we are assured this advice will
come before the transaction advice.
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: aop="http://ww. springfranmework. or g/ schema/ aop"
xm ns: tx="http://ww.springframework. org/ schema/t x"
xm ns: orcl ="http://ww. springfranmewor k. org/ schema/ dat a/ orcl "
xsi : schemalLocati on="htt p://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframewor k. or g/ scherma/ beans/ spri ng- beans- 3. 0. xsd
http: //ww. spri ngfranewor k. or g/ schema/ aop
http://ww. springframework. or g/ schema/ aop/ spri ng- aop- 3. 0. xsd
http://ww. springframework. or g/ schema/ t x
htt p: // ww. spri ngf ranewor k. or g/ schenma/ t x/ spri ng-tx- 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd" >

<aop: confi g>
<aop: advi sor 0O

poi nt cut =" @nnot ati on(org. spri ngf ramewor k. t ransacti on. annot ati on. Transacti onal )"
advi ce-ref="racFai |l overlnterceptor" order="1"/>
</ aop: confi g>
<orcl:rac-failover-interceptor id="racFailoverlnterceptor"/> 0O

<t x: annot ati on-driven/> O

</ beans>

O The advisor defined for the RAC failover interceptor. This must have a higher order than
the transaction advisor. We use an @nnot at i on pointcut referencing the @r ansacti onal
annotation.

O The RAC failover interceptor is defined using the r ac-f ai | over -i nt er cept or element of the
"orcl" namespace.

fcf.1.abp.atarada@ransaction annotation-driven element defined here.

3.3 Configuration options for <rac-failover-interceptor>

There is a number of optional attributes you can use to configure the r ac- f ai | over-i nt erceptor.

Table 3.1. <rac-fai | over-i nt er cept or > attribute settings

Attribute Required  Default Description

recoverabl e-error- | No 3113, 3114, 1033, A comma separated list of integer error

codes 1034, 1089, 17002, codes that will be used instead of the

17008, 17410 default set.

max- number - of - No 5 The maximum number of times the

retries retry will be performed.

back- of f- policy No NoBackOf f Pol i cy A specific back off policy to be used.
This is a reference to a bean that
implements BackOf f Pol i cy *

*org. springframewor k. bat ch. retry. backof f. BackOf f Pol i cy
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4. Oracle's Streams AQ (Advanced Queueing)

Oracle Streams is a feature that enables the propagation and management of data, transactions and
events in a data stream either within a database, or from one database to another. This can be used
both for replication and for messaging purposes. The Advanced Queuing (AQ) feature provides the
messaging support. This messaging support will integrate with the standard JMS API provided with
Java. Since the AQ support runs in the database it is possible to use the same transaction for both
messaging and database access. This eliminates the need for expensive 2-phase commit processing
that would be necessary when integrating database access with a traditional JMS solution.

Most of the JMS support we discuss in this chapter is provided directly by the Spring Framework. See
the Spring Framework Reference Documentation for the details regarding this JMS support.

In addition to this standard support, The Advance Pack for Oracle Database provides easier
configuration of a connection factory using the <or cl > namespace. It also provides support for some
payload types not directly supported by the Spring JMS support like the XM_LTy pe and custom Advanced
Data Types.

4.1 Supported payload types

JMS and Oracle Streams AQ can support a variety of payloads. These payloads are stored in the
database and need to be converted to a Java representation in order for our programs to manipulate
them. The following table outlines what payloads are supported and the corresponding classes that will
work with these payloads and that will be able to convert them to and from a Java representation.

Table 4.1. supported payload types

Payload Type Support Notes

SYS. AQ Directly supported by Si mpl eMessageConvert er
$ JVMB TEXT MESSAGE, which is the default for the JnsTenpl at e
SYS. AQ and the Defaul t MessagelLi st enerContai ner. When
$_JIMS_MAP_MESSAGE, configuring a message listener container the
SYS. AQ Def aul t Messageli st ener Cont ai ner is the class that
$_JIMS_OBJECT_MESSAGE, supports the Oracle AQ JMS features.

SYS. AQ

$_JMS_BYTES MESSAGE

SYS. XM_Type This payload type requires a custom message listener
container named Xm Messageli st ener Cont ai ner. This
listener container also needs a MessagelLi st ener Adapt er with
an Oracle AQ XML specific message converter specified as
Xm MessageConvert er. See below for configuration details.

custom Advanced Dat a | This payload type requires a custom message listener
Type (ADT) (CREATE TYPE | container named AdtMessageli stenerContai ner. This
xxx AS OBJECT) listener container also can use a Messageli st ener Adapt er
with a Oracle AQ ADT specific message converter specified as
Mappi ngAdt MessageConvert er. This converter works with an
implementation of the Dat umVapper interface. See below for
configuration details.
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4.2 Configuration of the Connection Factory using the "orcl"
namespace

When you use the JmsTemplate together with the Oracle AQ JMS support you can use the aqg-j ns-
connecti on-fact ory entry to provide a connection factory to the JmsTemplate.

<beans xm ns="http://ww. springframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: cont ext ="http://ww. springfranmework. org/ schena/ cont ext "
xm ns: orcl="http://ww. springfranmework. org/ schema/datal/orcl" O
Xsi : schemaLocati on="htt p: //ww. spri ngf ranewor k. or g/ schema/ beans
http://ww. springframework. or g/ scherma/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springfranmewor k. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng- cont ext - 3. 0. xsd
http://ww. springframework. or g/ scherma/ dat a/ orc
http://ww. springframework. org/ schema/ dat a/ orcl/spring-data-orcl-1.0.xsd"> O

<orcl :ag-j ns-connecti on-factory id="connectionFactory"
dat a- sour ce="dat aSour ce"/> 0O

<bean i d="j nsTenpl ate" class="org.springfranework.jns.core.JnmsTenpl ate">
<property nane="sessionTransacted" val ue="true"/>
<property nane="connecti onFactory" ref="connectionFactory"/>

</ bean>

<bean i d="transacti onManager"
cl ass="org. spri ngframework.j dbc. dat asour ce. Dat aSour ceTr ansact i onManager " >
<property nane="dat aSource" ref="dataSource"/>
</ bean>

<bean i d="dat aSource" ... />

</ beans>

O Here we specify the reference to the or cl schema.
O We also specify the location for the or cl schema.
0 The connection factory is configured using a reference to the data source to be used.

The configuration for a Message-Driven POJO with a Messageli st ener Cont ai ner is very similar.
You use the same type of connection factory configuration. This is passed in to the listener container
configuration. Here is an example using the JMS namespace support.
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<?xm version="1.0" encodi ng="UTF- 8" ?>

<beans xm ns="http://ww. springfranmework. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: tx="http://ww.springframework. org/schema/tx"
xm ns: cont ext ="htt p: //ww. spri ngfranewor k. or g/ schena/ cont ext "
xm ns: orcl="http://ww. springfranmework. org/ schema/datal/orcl" O
xm ns:jns="http://ww. springframework. org/schena/j nms"
Xsi : schemaLocati on="htt p://ww. spri ngfranewor k. or g/ schema/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ t x
http://ww. springframework. org/ schema/tx/spring-tx-3.0.xsd
http://ww. springframework. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng-cont ext - 3. 0. xsd
http://ww. springframework. org/ schema/ data/orcl 0O
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-data-orcl-1.0. xsd
http://ww. springfranmework. org/ schena/j ns
http://ww. springframework. org/ schema/ j ms/ spri ng-j ns- 3. 0. xsd" >

<cont ext : annot at i on- confi g/ >
<t x: annot ati on-dri ven/ >
<bean i d="nessageDel egate" cl ass="spring.test.MssageDel egate"/>
<jms:|istener-container connection-factory="connecti onFactory"
transacti on- manager ="transact i onManager" >
<jms:listener destination="jnsadn n.jmnms_text_queue"

ref =" nessageDel egat " met hod="handl eMessage"/ >
</jms:listener-container> [0

<orcl :ag-j ns-connecti on-factory id="connectionFactory"
dat a- sour ce="dat aSource"/> [0

<bean i d="transacti onManager"
cl ass="org. springframework.j dbc. dat asour ce. Dat aSour ceTr ansact i onManager " >
<property nane="dat aSource" ref="dataSource"/>
</ bean>

<bean i d="dat aSource" ... />

</ beans>

Here we specify the reference to the or ¢l and j ns schemas.

We also specify the location for the or cl and j ns schemas.

The listener container is configured using a reference to the connection factory.

The connection factory is configured using a reference to the data source to be used.

O 0Oood

See the next section for how to configure the transaction support and use a the same local transaction
as the JDBC or ORM data access.

4.3 Configuring the Connection Factory to use the same local
transaction as your data access code.
The configurations in the previous section will take advantage of the transaction synchronization

provided by Spring, but there will be two transactions. One transaction for the data access and one
for the JIMS messaging. They will be synchronized, so if the data access transaction commits then the
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messaging transaction will also commit while if the data access transaction roll back then the messaging
transaction will also roll back.

There is always a chance that the commit for the messaging transaction could fail after the data access
transaction has committed successfully. This is of course a problem that you would have to account for
in your code by checking for duplicate delivery of a message.

A better solution is to configure both data access and the messaging to share a transaction. Most often
this is done using JTA, and that works, but has some impact on performance. For JTA you need to use
distributed transactions and XA capable resources designed for two-phase commits. This comes at an
extra cost that we try to avoid if possible.

Another option is to have the data access and the messaging share a local data access transaction.
This is possible since the Oracle AQ implementation consists of a set of tables and stored procedures
running in the database accessed through a standard JDBC connection. If you use the same database
for data access and messaging with AQ, then you can configure the connection factory to share the
database connection and the local transaction. You configure this connection and transaction sharing
by setting the attribute use- | ocal - dat a- source-transacti ontotrue.

<orcl :ag-jns-connection-factory id="connectionFactory"

use- | ocal - dat a- source-transaction="true" 0O
dat a- sour ce="dat aSour ce"/ >

0 Setting the attribute use- | ocal - dat a- sour ce-transacti on.

Configuring the connection factory to share a local data source transaction with the data access
code has some implications for JMS connection and session caching. You can still configure a
MessageListenerContainer to cache the JMS connection since each JMS session will be created as it's
needed inside a data source transaction. However, if you cache the JMS session, then the database
connection for it is established when the container starts up and it will not be possible to have this cached
JMS session participite in the local data source transaction.

In many application server environments the JDBC connection is wrapped in an implementation specific
class that delegates to the underlying native JDBC connection. Oracle's AQ connection factory needs
the native Oracle connection and will throw an "oracle.jms.AQjmsException: JMS-112: Connection is
invalid" exception if the connection is wrapped by a foreign class. To solve this problem you can specify
a Nati veJdbcExtract or that can be used to unwrap the connection. Spring provides a number
of implementations to match the application server environment. Here is an example for specifying a
Nat i veJdbcExtract or.
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<orcl : ag-j ms- connection-factory id="connecti onFactory"
use- | ocal - dat a- sour ce-transacti on="true"
nati ve-j dbc-extractor="dbcpNati veJdbcExtractor" O
dat a- sour ce="dat aSour ce" />

<bean i d="dbcpNati veJdbcExtractor"
cl ass="org. spri ngframework. j dbc. support. nativej dbc. CormonsDbcpNat i veJdbcExtractor"/>

<bean i d="dbcpDat aSour ce" cl ass="org. apache. commons. dbcp. Basi cDat aSour ce"
destroy- nmet hod="cl ose" >
<property name="driverd assNanme" val ue="${j dbc. driverC assNane}" />
<property name="url" val ue="${jdbc.url}" />
<property nane="usernane" val ue="${jdbc. usernane}" />
<property nane="password" val ue="${jdbc. password}" />
</ bean>

O Here we specify the reference to the native JDBC extractor.

For some use cases the default plain ConnectionFactory does not work and you need to explicitly use
a QueueConnectionFactory or a TopicConnectionFactory. To support this requirement it is possible to
specify this using the connect i on- f act ory-t ype attribute. The default is CONNECTI ON but you can
specify QUEUE_CONNECTI ON or TOPI C_CONNECTI ON instead. Here is an example for specifying the
connection factory type.

<orcl :ag-j ns-connection-factory id="connectionFact ory"
use-| ocal - dat a- sour ce-transacti on="true"
connection-factory-type="QUEUE_CONNECTI ON' [
dat a- sour ce="dat aSour ce" />

<bean i d="dbcpDat aSour ce" cl ass="org. apache. commons. dbcp. Basi cDat aSour ce"
destroy- nmet hod="cl ose" >
<property name="driverd assNane" val ue="${j dbc. driverC assNane}" />
<property name="url" val ue="${jdbc.url}" />
<property nane="usernane" val ue="${jdbc. usernane}" />
<property nane="password" val ue="${jdbc. password}" />
</ bean>

O Here we specify the type of connection factory to be used.

4.4 Configuration when using a SYS.XMLType payload
When you use a SYS.XMLType as payload there a few additional configuration settings are needed.

Enqueuing XML messages

When enqueuing messages the JmsTemplate can be configured with a message converter.
This message converter should be of a type Xm MessageConverter configured with a specific
Xm TypeHandl er that you would like to use. The following handlers are available:

Table 4.2. xml handlers

XML Handler Usage
StringXm TypeHandl er Handles converting XMLTypes values to and from String
representation.
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XML Handler Usage

Docurent Xm TypeHandl er Handles converting XMLTypes values to and from Document
representation.

St reamXm TypeHandl er Handles converting XMLTypes values to and from an InputStream.

<bean id="j nsTenpl ate" cl ass="org. springfranework.jns.core.JnsTenpl ate">
<property nane="connectionFactory" ref="connectionFactory"/> 0O
<property nanme="messageConverter">
<bean i d="nessageConverter"[

cl ass="org. spri ngframewor k. dat a. j dbc. j ms. support. converter. oracl e. XM MessageConverter">
<const ruct or - ar g>

<bean cl ass="org. spri ngframework. dat a. j dbc. support.oracle. StringXm TypeHandl er"/> 0O
</ constructor - ar g>
</ bean>
</ property>
</ bean>

O A reference to the configured connection factory.
Declaration of an Xm MessageConvert er to convert from XM.Type to desired representation.

0 Declaration of the specific Xm TypeHandl er that should be used. In this case a
StringXm TypeHandl er.

O

Once the JmsTemplate is configured the XML value can be sent using the conver t AndSend method.
In this example we are passing in a String containing the value.

String xmval = "<?xm version=\"1.0\" encodi ng=\"UTF-8\"?>\n" +
"<product id=\"10\">\n" +
' <descri pti on>Foo</descripti on>\n" +
" <price>2.05</price>\n" +
"</ product >";

j msTenpl at e. convert AndSend("j msadmi n. j ns_xm _queue", xm val);

Dequeuing XML messages

When you want to dequeue messages using a message listener container you need to configure
an Xm Messageli st ener Cont ai ner that can dequeue the messages and convert the XM_Type
payload.
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<bean i d="nmessageDel egate" cl ass="org. springfranmework. data.jdbc.test.xnl.MssageDel egate"
/>

<jms:|istener-contai ner connection-factory="connectionFactory" O
transacti on- manager ="t ransacti onManager"
message- converter ="nmessageConverter"”
cont ai ner -
cl ass="org. springframework. data.jdbc.jns.listener.oracle. XM MessagelLi st ener Cont ai ner"> [
<jms:listener destination="jnmsadn n.jns_xm _queue"
ref =" nessageDel egat e" met hod="handl eMessage" >
</jms:|istener>
</jms:|istener-container>

<bean i d="nessageConverter" 0O
cl ass="org. spri ngframewor k. dat a. j dbc. j ns. support. converter. oracl e. Xml MessageConverter">
<const ruct or - ar g>
<bean cl ass="org. spri ngframework. dat a. j dbc. support. oracl e. Docunent Xm TypeHandl er "/
> 0O
</ constructor-arg>
</ bean>

O A reference to the configured connection factory.

0 Configuring the «class to wuse for the container - this is a custom class
Xm Messageli st ener Cont ai ner that dequeues the Oracle XMLType messages.
O The Xm MessageConvert er is defined here.

0 The Docunent Xm TypeHandl er is used to retrieve XML value as a Document.

Here is an example of the message delegate used in the above message listener container:

public class MessageDel egate {

@\ut owi r ed
private Donmi nService donmi nServi ce;

public voi d handl eMessage( Docunent xml Doc)
t hrows MessageConver si onExcepti on, JMSException {
donmi nSer vi ce. processXnl Message( xm Doc) ;

As you can see the method that handles the message takes a Docunment as its parameter.
The conversion from the XMLType to a Document representation is handled by the
MessagelLi st ener Adapt er since we specified a message converter.

4.5 Configuration when using a custom ADT payload

When you use a custom ADT as payload there are certain configuration settings that are needed. When
creating the queue and its queue table you specify the custom type as the "queue_payload_type". This
custom type is defined using a regular "CREATE TYPE" statement. In the code example that follow we
have defined a PRODUCT type:
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create or replace TYPE PRODUCT_TYPE AS OBJECT
(
id | NTEGER

descri ption VARCHAR(50),
price DECI MAL(12, 2)

DE

Enqueuing ADT messages

When enqueuing messages the JmsTemplate can be configured with a message converter. This
message converter should be of a type Mappi ngAdt MessageConvert er configured with a specific
Dat umvapper that you would like to use. This Dat umvapper can be a custom implementation or the
provided St r uct Dat univapper that will map between bean properties and STRUCT attributes of the
same name.

The Dat unmvapper interface has the following methods declared:
public interface Datumvapper {
publ i c Datum toDat un{Obj ect object, Connection conn) throws SQ.Exception

public Object fronDatum Datum datum throws SQ.Exception

The t oDat ummethod will be called with the Object to convert to a STRUCT as the first parameter
and the current connection as the second. It's up to the mapping implementation to extract the object
properties and to create the STRUCT. For the f r onDat ummethod the STRUCT is passed in and the
implementation is responsible for retrieving the attributes and constructing and instance of the required
class.

<bean i d="j nsTenpl ate" class="org.springfranework.jns.core.JmsTenpl ate">
<property nane="connectionFactory" ref="connecti onFactory"/> O
<property nanme="messageConverter">
<bean i d="nessageConverter"

<constructor-arg>

<bean cl ass="org. spri ngframework. dat a. j dbc. j ns. support.oracl e. Struct Dat univapper"> 0
<constructor-arg index="0" val ue="JMSADM N. PRODUCT_TYPE"/ >
<const ruct or -
arg index="1" val ue="org. springfranmework. data.j dbc. test. domai n. Product"/ >
</ bean>
</ constructor - ar g>
</ bean>
</ property>
</ bean>

O A reference to the configured connection factory.

0 Declaration of an Mappi ngAdt MessageConvert er to convert from custom type to corresponding
JavaBean.

0 Declaration of the specific Dat umvapper that should be used. In this case the provided
St ruct Dat univapper.

Once the JmsTemplate is configured the XML value can be sent using the conver t AndSend method.
In this example we are passing in a String containing the value.
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Product product = new Product();
product . set 1 d(22L);

product . set Descri ption("Foo");
product . set Pri ce(new Bi gDeci mal ("42.95"));

j ms. convert AndSend("j nsadm n. j ns_product _queue", product);

Dequeuing ADT messages

When you want to dequeue messages using a message listener container you need to configure an
Adt Messageli st ener Cont ai ner that can dequeue the messages and convert the ADT payload.

<bean i d="nessageDel egate" cl ass="org. springfranmework. data.jdbc.test.adt. MessageDel egat e"
/>

<jms:|istener-container connection-factory="connectionFactory" O
transacti on- manager ="transacti onManager"
message- converter ="nmessageConverter"
cont ai ner -

cl ass="org. springframework. data.jdbc.jns.|istener.oracl e. Adt MessageLi st ener Cont ai ner"> [
<jms:listener destination="jnmsadni n.jns_product_queue"
ref =" nessageDel egat e" met hod="handl eMessage" >
</jms:listener>
</jms:|istener-container>

<bean i d="nessageConverter"

cl ass="org. springframework. data.j dbc.j nms. support.converter. oracl e. Mappi ngAdt MessageConverter" >0
<const ruct or - ar g>

<bean cl ass="org. spri ngframework. data. j dbc. j ns. support.oracle. Struct Dat umvapper"> 0O
<constructor-arg index="0" val ue="JMSADM N. PRODUCT_TYPE"/ >
<const ruct or -
arg index="1" val ue="org. spri ngframewor k. dat a. j dbc. t est. domai n. Product "/ >
</ bean>
</ constructor - ar g>
</ bean>

O A reference to the configured connection factory.

O Configuring the «class to wuse for the container - this is a custom class
Adt Messageli st ener Cont ai ner that dequeues the ADT messages.

O The Mappi ngAdt MessageConvert er is defined here.

O The Struct Dat unvapper is used to map the attributes of the STRUCT retrieved for the ADT to
properties of the bean class specified as the second constructor argument.

Here is an example of the message delegate used in the above message listener container:

public class MessageDel egate {

@\ut owi r ed
private Donmi nService donai nService

public voi d handl eMessage( Product product)
throws MessageConver si onExcepti on, JMSException {
domai nSer vi ce. savePr oduct ( product) ;

Spring Data JDBC Extensions
2.0.0.M1 Reference Documentation 29



Spring Data JDBC Extensions

As you can see the method that handles the message takes a Pr oduct as its parameter. The conversion
from the STRUCT to a Product is handled by the MessageLi st ener Adapt er since we specified a
message converter.
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5. XML Types

Oracle has some advanced XML Type support built into the database. XML data stored in the database
is accessible wia JDBC using some Oracle specific classes.

The JDBC framework provided with the Spring Framework supports most of this already via
SqlTypeValue and SqlReturnType. There is however a need for documentation and examples which
are specifically targeted for an Oracle environment so teams can take advantage of this support and
have a reference for best practices for the use of these features in an Oracle/Spring environment.

5.1 Dependencies

To use the Oracle XML support you need to use a couple of jar files available in the Oracle XML
Developers Kit download available from Oracle. You need xdb. j ar and also the xm par serv2.j ar
since the XMLType depends on this parser library.

There is optional support for Spring's Object/XML Mapping (OXM) support. If you use this support then
you would also need a dependency for the Spring Framework OXM sub-project. The jar files needed
iSspring-oxmjar.

All samples in this chapter access a table named "xml_table". Here is the DDL to create this table:

CREATE TABLE xnl _tabl e (
i d NUVBER(10),
xml _text XMLTYPE,
PRI MARY KEY (id));

5.2 Writing XML to an XMLTYPE column

To write XML data to a table you need to pass in the XML using a custom Sql TypeVal ue. In this
implementation you would be responsible for setting the parameter value for the XML column in
accordance with the API provided by the database driver.

For Oracle we provide a database specific implementation of an Sgl Xm Val ue, which is an extension
of the Sqgl TypeVal ue, that is easier to use. It works together with an Sql Xn Handl er and adds an
abstraction layer on top of the database specific APIs provided by the database vendors. There is a
new SQLXM. datatype in JDBC 4.0 that provides an abstraction, but so far it is not widely implemented.

In this example we have an XML value that we pass in as the second parameter. This XML value can
be in the form of a St ri ng or an or g. w3c. dom Docunent . We use an Sgl Xnl Handl er instance to
gain access to a new instance of the Sql Xnl Val ue. For the Oracle support the implementation classes
are Or acl eXm Handl er and Or acl eXm TypeVal ue respectively.

si npl eJdbcTenpl at e. updat e(
"I NSERT INTO xml _table (id, xm _text) VALUES (?, ?)",
id,
sqgl Xm Handl er. newSgl Xm Val ue(xm )); O

0 We instantiate a new Sgl Xm Val ue that will handle setting the parameter value for the XML.

The implementation of the SqIXmIHandler is chosen in the data access configuration file and should be
injected into the DAO or Repository class.
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<bean i d="sql Xm Handl er"
cl ass="org. spri ngframewor k. dat a. j dbc. support. oracle. O acl eXm Handl er"/ >

Oracle's XMLType supports passing in an j ava. i 0. | nput St r eambut since this is not supported by
the JDBC 4.0 SQLXM. datatype you will have to use the Oracle specific Or acl eXm TypeVal ue directly.

si npl eJdbcTenpl at e. updat e(
"I NSERT I NTO xnml _table (id, xm _text) VALUES (?, ?)",
id,
new Oracl eXm TypeVal ue(is));

5.3 Reading XML from an XMLTYPE column

Running a query against a table with an XMLTYPE column requires a RowMapper that can handle
retrieval of the XMLType and the corrsponding XML data. The Or acl eXml Handl er provides several
methods that supports easy access to the XML data. It is typically used in a RowMapper.

String s = sinplelddbcTenpl at e. quer yFor Obj ect (
"SELECT xml _text FROM xml _table WHERE id = ?",
new Par anet eri zedRowVapper <String>() {
public String mapRow(ResultSet rs, int i) throws SQLException {
String s = sqgl Xnl Handl er. get Xml AsString(rs, 1);0
return s;

h
id);

O We use the O acl eXm Handl er to retreive the XML value as a String.

The XML data can be retreived as a String, a java.io.lnputStream, a java.io.Reader or a
javax.xml.transform.Source.

5.4 Marshalling an object to an XMLTYPE column

To map an object to XML and write this XML to a table you first need to use marshalling support available
from the Spring Web Services project. Once the object data is marshalled to XML we can write the XML
to a column in a database table. The latter part is very similar to the the XML support discussed above.
We need to pass in the XML using a custom Sql TypeVal ue. In the object mapping implementation
you would be responsible for marshalling the object to XML before setting the parameter value.

In this example we have an object that needs to be marshalled to XML. We are using a Mar shal | er
provided by the Spring Web Services project. The marshaller is typically configured and then injected
into the DAO or Repository. Here is an example configuration using the JAXB 2.0 support. In addition
to JAXB 2.0, there is also support for JAXB 1.0, Castor, XML Beans, JiBX and XStream.

<bean id="marshal |l er" class="org.springfranework. oxm jaxb.Jaxb2Marshal | er">
<property nane="cl assesToBeBound" >
<list>
<val ue>org. spri ngf ranewor k. dat a. j dbc. sanpl es. | t em</ val ue>
</list>
</ property>
</ bean>

The JAXB 2.0 class that we are marshalling is a typical javaBean and it uses annotations for the meta
data so there is no additional configuration needed.
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package org. springframewor k. dat a. j dbc. sanpl es;

i mport javax.xmnl . bind.annotation.*;
i mport java. math. Bi gDeci nal ;

@XM Root El ement (nane = "itent')
@Xm Type(propOrder = {"nane", "price"})
public class Iten{

private Long id = OL;

private String nane;

private Bi gDeci mal price;

@Xm Attribute(nane="id")
public Long getld() {

return id;

}

public void setld(Long id) {
this.id =id;

}

@Xm El ement (nanme = "item nanme")

public String getNane() {
return name;

}

public void setNane(String nane) {
this. nane = nane;

}

@Xm El ement (nanme = "price")
public BigDeci mal getPrice() {
return price;

}

public void setPrice(BigDeciml price) {
this.price = price;

}

public String toString() {
return "[" +id + "] " + name + " " + price;

}

For Oracle we provide a database specific implementation of an Sgl Xml Mar shal | i ngVal ue,
which is an extension of the Sql Xm Val ue, that is easier to use. It works together with an
Sql Xm Obj ect Mappi ngHandl er similar to the Sql Xm Handl er that we used in the previous
example. The object to be marshalled is passed in when the new instance of the Sgl Xm Val ue is
created.

For our dabase insert we pass in the marshalled value as the second parameter. The first
parameter is the id of the object, and this will be use as the primary key for the row. We use
an Sql Xm Handl er instance to gain access to a new instance of the Sgl Xml Mappi ngVal ue.
For the Oracle support the implementation classes are Or acl eXm Obj ect Mappi ngHandl er and
O acl eXm Mar shal | i ngVal ue respectively.
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si npl eJdbcTenpl at e. updat e(
"I NSERT I NTO xml _table (id, xm _text) VALUES (?, ?)",
itemgetld(),
sql Xm Ooj ect Mappi ngHandl er

. newMar shal | i ngSgl Xm Val ue(item); O

0 We instantiate a new marshalling Sql Xm Val ue that will handle mapping the parameter object
to XML using a marshaller.

The implementation of the SqlXmlIObjectMappingHandler is chosen in the data access configuration file
and should be injected into the DAO or Repository class.

<bean i d="sql Xm Handl er"
cl ass="org. spri ngframewor k. dat a. j dbc. support. oracl e. O acl eXm Obj ect Mappi ngHandl er " >
<property nanme="marshal ler" ref="marshaller"/>

</ bean>

5.5 Unmarshalling an object from an XMLTYPE column

Last piece we need is reading the XML from the database and have it unmarshalled to an Item object.
We will perform this work in a Rowivapper together with the Sql Xm Cbj ect Mappi ngHandl er .

Itemi = sinpleddbcTenpl ate. queryFor Qbj ect (
"SELECT xml _text FROM xnl _table WHERE id = ?",
new Par anet eri zedRowMapper <l tenr() {
public Item nmapRow(ResultSet rs, int i) throws SQLException {
return (ltenm) sql Xm Obj ect Mappi ngHandl er

.get Xml AsQbj ect(rs, 1);0

b
id);

O Weusethe Sql Xm Obj ect Mappi ngHandl er to retreive the XML value and have it unmarshalled
to an Item instance.

The XML data is unsmarshalled using an Unmar shal | er which in the JAXB 2.0 case is also
implemented by the Jaxb2Mar shal | er class. It must be injected into the unmar shal | er property
of the SqlXmlObjectMappingHandler. Since marshalling and unmarshalling is performed by the same
object we pass in the bean named mar shal | er for the unmar shal | er property.

<bean i d="sql Xm Handl er"
cl ass="org. springframewor k. dat a. j dbc. support. oracl e. O acl eXm Cbj ect Mappi ngHandl er " >
<property nane="unmarshal ler" ref="marshaller"/>

</ bean>
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6. Advanced Data Types

The Oracle database and the PL/SQL language used for stored procedures in Oracle has built in support
for some advanced data types. These data types can't easily be accessed using standard JDBC APls,
so it is necessary to rely on Oracle's JDBC extensions like ARRAY and STRUCT and the APIs that are
used to access them.

The JDBC framework provided with the Spring Framework supports most of this already via
Sql TypeVal ue and Sql Ret ur nType. The Sql TypeVal ue interface is used to pass IN parameter
values. This is easiest accomplished by extending the Abstract Sql TypeVal ue class. Here you
need to implement the createTypeValue method. In this method you have access to the current
connection, the Sqgl Type and the type name for any custom processing that is necessary. When
you retrieve advanced data types you need to implement the Sql Ret ur nType interface and pass
that implementation into the Sql Qut Par anet er constructor. The Sql Ret ur nType interface has
one method named get TypeVal ue that must be implemented. Here you have access to the
CallableStatement that is currently executing as well as the parameterindex, the Sql Type and the type
name for customizing the processing.

When implementing these interfaces there is some boilerplate type code that is necessary and it makes
your data access code look unnecessarily complex. That is the reason why we are providing a number
of Oracle specific implementations that can handle the Oracle advanced types. The usage of these
type handlers is documented in this chapter. These features are specifically targeted for an Oracle
environment so teams can take advantage of this support and have a reference for best practices for
the use of these features in an Oracle/Spring environment.

We will use the following simple table for all the examples in this chapter. This table is used to store
some basic information about actors.

CREATE TABLE actor (
i d NUMBER( 10),
name VARCHAR2(50),
age NUMBER,
PRI MARY KEY (id));

6.1 Using a STRUCT parameter

When your stored procedures has parameters that are declared using custom object types that aren't
part of the standard JDBC types they are managed using JDBC St r uct objects. When working with
Oracle it's easier to work with Oracle's extension to St r uct which is or acl e. sql . STRUCT. With the
release of the Oracle JDBC driver version 12.1 the or acl e. sgl . STRUCT has been deprecated in
favor of the standard j ava. sql . St ruct . Although not all features are available using this standard
interface, we have adjusted the framework to use the standard interface when possible.

For the STRUCT examples we will use the following type declaration.

CREATE OR REPLACE TYPE actor_type
AS OBJECT (id NUMBER(10), name VARCHAR2(50), age NUMBER);

The data contained in a STRUCT parameter can be accessed in two ways. Either using the SQLDat a
interface which is part of the JDBC specification, or by using Oracle specific calls accessing the attributes
directly. We will cover both methods.
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Now we will look at the sample procedures used for this example. First one is the procedure we use
to add the actor data.

CREATE OR REPLACE PROCEDURE add_actor (in_actor IN actor_type)
AS
BEG N
INSERT into actor (id, nane, age) VALUES(in_actor.id, in_actor.nane, in_actor.age);
END;

This procedure has one IN parameter (in_actor) of object type act or _t ype.

Next we show the procedure used to retrieve the actor data.

CREATE OR REPLACE PROCEDURE get actor (in_actor_id I N NUVBER, out_actor OUT actor_type)
AS
BEG N

SELECT actor_type(id, name, age) |NTO out_actor FROM actor WHERE id = in_actor_id;
END;

This procedure has two parameters, one IN parameter (i n_act or _i d) that is the id of the actor to
retrieve and one OUT parameter (out _act or) of type act or _t ype to pass back the data retrieved.

The last piece we will cover here is the Java class that represents the type we are accessing. Here is
the Act or implementation used in this example. It has the Java equivalent of the variables we defined
for the type in the database. We also have setters and getters for all fields.
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package org. springframewor k. dat a. j dbc. sanpl es;

i nport java.sql.SQ.Dat a;

i mport java.sql.SQLException;
i nport java.sql.SQ.I nput;

i mport java.sql.SQ.Qut put;

i mport java. math. Bi gDeci nal ;

public class Actor {

private Long id;
private String nane;
private int age;

public Long getld() {
return id;

}

public void setld(Long id) {
this.id = id;
}

public String get Name() ({
return name;

}

public void setNane(String nanme) {
this. nane = naneg;

}

public int getAge() {
return age;

}

public void setAge(int age) {
this.age = age;

}

public String toString() {

return "Actor: [" +id + "] " + name + " " + age;
}

Using an SQLData implementation for a STRUCT IN parameter

For the examples that use SQ_Dat a we first need a Java class that implements the SQLData interface.
For this example we create an Sql Act or class that extends the Act or class shown earlier and provides
the SQLDat a implementation for our ACTOR_TYPE.
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package org. springframewor k. dat a. j dbc. sanpl es;

i nport java.sql.SQ.Dat a;

i mport java.sql.SQLException;
i nport java.sql.SQ.I nput;

i mport java.sql.SQ.Qut put;

i mport java. math. Bi gDeci nal ;

public class Sgl Actor extends Actor inplenments SQ.Data {

public String get SQLTypeNane() throws SQLException {
return "ACTOR_TYPE"; U
}

public void readSQL(SQLI nput sqllnput, String string) throws SQLException { O
set 1 d(Long. val ued (sql | nput . readLong()));
set Name(sql | nput.readString());
set Age(sql I nput.readlnt());

}

public void witeSQ(SQQut put sql Qutput) throws SQLException { O
sql Qut put . writeLong(getld().longValue());
sql Qut put . writeString(getNanme());
sql Qut put. writelnt(getAge());

0 Here we specify the ACTOR TYPE advanced data type as the type supported by this
implementation. Note: Since Oracle's metadata is stored using all caps, unless the name was
explicitly defined as mixed case using quotes, we define the type name here as all caps.

0 Here we specify the implementation used to map data between the ACTOR_TYPE advanced data
type and the Act or class during a read operation.

O Here we specify the implementation used to map data between the Act or class and the
ACTOR_TYPE advanced data type during a write operation.

As you can see, the SQLDat a implementation is fairly straightforward. We implemented the three
methods required in the SQ_Dat a interface. These methods are getSQLTypeName, readSQL and
writeSQL.

Now we can move on to actually call the stored procedure. First example is using the newer
Si npl eJdbcCal | APl but the Sql Paraneter would be the same if you used the classic
St or edPr ocedur e approach. We create the Si npl eJdbcCal | and in the decl ar ePar aneters
method call we pass in an Sqgl Par aret er that defines the parameter with the type as Types.STRUCT
and a type name of ACTOR_TYPE to match what it is defined in the database. Note that the type name
is defined here as all caps since that is how it is stored in the database metadata. Any type names
declared here are case sensitive and must match what is actually stored in the database metadata.

this.addSql ActorCall =
new Si npl eJdbcCal | (dat aSour ce) . w t hProcedur eNane("add_act or")
. decl ar ePar anet er s(

new Sql Paraneter ("in_actor", Types.STRUCT, "ACTOR_TYPE')); O

O We define the Sql Par anet er with parameter name, the type and the type name as it is declared
in the database.

Next we look at the code that executes this Si npl eJdbcCal | .
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public void addSql Actor(final Sql Actor actor) {
Map in = Coll ections. singletonMap("in_actor", actor); 0O
addSql Actor Cal | . execute(in);

0 We execute the call by passing in a Map containing any in parameters - in this case the actor object.

What happens here is that the JDBC driver access the data in the passed in Actor instance via the
SQLDat a interface and maps that data to the ACTOR_TYPE passed in to the stored procedure. There
is no need to implement anything else since this is all handled by the JDBC layer.

Please note that since Si npl eJdbcCal | is relying on database metadata, the parameter names used
for the input must match the names used when declaring the stored procedure. They are however not
case sensitive, only the type names are case sensitive.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class AddSql Act or Proc extends StoredProcedure {

publ i ¢ AddSql Act or Proc( Dat aSour ce dat aSource) {
super (dat aSour ce, "add_actor");
decl ar ePar anmet er (new Sql Paraneter ("in_actor", Types. STRUCT, "ACTOR_TYPE"));

}

public void execute(Actor actor) {
Map in = Col |l ections. singletonMap("in_actor", actor);
t his. execute(in);

Using SqlReturnSqlData with an SQLData implementation from a STRUCT
OUT parameter

Now we will call the stored procedure that retrieves actor data. We are still using the newer
Si npl eJdbcCal | API. We create the Si npl eJdbcCal | and in the decl ar ePar anet er s call we
passinan Sql Qut Par anet er that uses an Sql Ret ur nType to handle the configuration necessary for
the mapping between the Oracle type and the Java type which is still the Sgl Act or . We also need to link
between the Act or class and the ACTOR_TYPE since the JDBC driver is not aware of this relationship
when we are reading data from the database. This is done by declaring a SqlReturnSglData class and
passing in the target class in the constructor.

this.getSql ActorCall =
new Si npl eJdbcCal | (dat aSour ce). w t hProcedur eNane("get _actor")
. decl ar ePar anet er s(
new Sql Qut Paraneter ("out _actor", Types.STRUCT, "ACTOR TYPE', 0O

new Sql Ret ur nSql Dat a( Sql Actor.class)) O

O We define the parameter name and the type and the type name as it is declared in the database.
0 Here we define the Sql Ret ur nSgl Dat a and the desired target class.

Next we look at the code that executes this Si npl eJdbcCal | .
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public Sgl Actor getSqgl Actor(int id) {
Map in = Col |l ections. singletonMap("in_actor_id", id);
return getSql ActorCal |l . execut eCbj ect (Sqgl Actor.class, in); O

0 We execute the call by passing in a Map containing any in parameters. The execut eObject method
returns an Sgl Act or containing the data returned by the stored procedure call.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class Get Sql Actor Proc extends StoredProcedure {

publ i c Get Sql Act or Proc( Dat aSour ce dat aSource) {
super (dat aSour ce, "get_actor");
decl ar ePar anet er (new Sqgl Paraneter ("in_actor_id", Types. NUVERIC));
decl ar ePar anet er (
new Sql Qut Par aneter ("out _actor”, Types. STRUCT, "ACTOR TYPE",
new Sql Ret ur nSqgl Dat a( Sgl Act or. cl ass))

}

public Sqgl Actor execute(Long id) {
Map in = Coll ections. singletonMap("in_actor_id", id);
Map out = this.execute(in);
return (Sql Actor) out.get("out_actor");

Setting STRUCT attribute values using SqlStructValue for an IN parameter

An alternate access technique is to use the St r uct interface to access a generic collection of attributes
representing the type. The Sqgl St r uct Val ue implementation will map properties in a JavaBean to
the corresponding attributes of the STRUCT so there is no need to provide custom mapping code.
The following example will perform the same operations as the previous example using this alternate
technique.

The SimpleJdbcCall declaration for the "add_actor" call looks the same.

this.addActorCal |l =
new Si npl eJdbcCal | (dat aSour ce) . w t hProcedur eNanme("add_act or")
. decl ar ePar anet er s(
new Sql Paraneter ("in_actor", Types.STRUCT, "ACTOR TYPE')); O

0 We define the Sql Par anet er with parameter name, the type and the type name as it is declared
in the database.

Next we'll look at the code used to execute this procedure call. The difference is in the execution and
the mapping of attributes. Instead of relying on the Sqgl Act or class to do the mapping, we create a
Sqgl St ruct Val ue and pass in the Act or instance in the constructor. The Sql St ruct Val ue class
will do the mapping between the bean properties of the Actor class and the attributes of the STRUCT.
This Sqgl St r uct Val ue is then passed in as the data value in the input map for the execute call.
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public void addActor (final Actor actor) {
Map in = Coll ections. singletonMap("in_actor", new Sqgl StructVal ue(actor)); 0O
addActorCal | . execute(in); O

0 We create an Sgl St r uct Val ue that will handle the type creation and mapping and add it to the
Map containing the in parameters.
O We execute the call by passing in the input Map.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class AddActorProc extends StoredProcedure {

publ i ¢ AddAct or Proc( Dat aSour ce dat aSource) {
super (dat aSour ce, "add_actor");
decl ar ePar anmet er (new Sql Paraneter ("in_actor", Types. STRUCT, "ACTOR TYPE"));

}

public void execute(Actor actor) {
Map in = Col |l ections. singletonMap("in_actor", new Sql StructVal ue(actor));
thi s. execute(in);

Using SqlReturnStruct to access STRUCT data from an OUT parameter

You can use the Sgl Ret ur nStruct class to map between the attributes of a STRUCT object and
properties of a JavaBean. This is more convenient than providing this mapping yourself. This example
will show how this can be done using an SqlOutParameter combined with the Sql Ret ur nSt r uct class.

this.getActorCall =
new Si npl eJdbcCal | (dat aSour ce) . w t hProcedur eName("get _actor")
. decl ar ePar anet er s(
new Sql Qut Paraneter ("out _actor", Types.STRUCT, "ACTOR TYPE', 0O
new Sql ReturnStruct (Actor.class)) O

O We define the Sql Par anet er with parameter name, the type and the type name as it is declared
in the database.

0 The Sqgl Ret urnSt ruct will retrieve the STRUCT and access the array of objects representing
the attributes and then map them to the properties of the JavaBean instance provided n the
constructor.

Next we look at the code that executes this Si npl eJdbcCal | .

public Actor getActor(int id) {
Map in = Coll ections. singletonMap("in_actor_id", id);
return getActorCall.executeject(Actor.class, in); O

O We execute the call by passing in a Map containing any in parameters. The execut eObject method
returns an Act or containing the data returned by the stored procedure call.
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If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class GetActorProc extends StoredProcedure {

publ i ¢ Get Act or Proc( Dat aSour ce dat aSource) {
super (dat aSource, "get_actor");
decl ar ePar anet er (new Sqgl Paraneter ("in_actor_id", Types. NUMVERIC));
decl ar ePar anet er (
new Sql Qut Par aneter ("out _actor”, Types.STRUCT, "ACTOR TYPE",
new Sqgl Ret urnStruct (Actor. cl ass))

}

public Actor execute(Long id) {
Map in = Coll ections. singletonvap("in_actor_id", id);
Map out = this.execute(in);
return (Actor) out.get("out_actor");

6.2 Using an ARRAY parameter

Sometimes your stored procedures has parameters that are declared as arrays of some type. These
arrays are managed using JDBC Ar r ay objects. When working with Oracle it's sometimes easier to
work with Oracle's extension to Ar r ay which is or acl e. sql . ARRAY. With the release of the Oracle
JDBC driver version 12.1 the or acl e. sql . ARRAY has been deprecated in favor of the standard
j ava. sql . Array. Although not all features are available using this standard interface, we have
adjusted the framework to use the standard interface when possible.

For the ARRAY examples we will use the following type declarations.

CREATE OR REPLACE TYPE actor _nane_array
AS VARRAY(20) OF VARCHAR2(50);

CREATE OR REPLACE TYPE actor_id_array
AS VARRAY(20) OF NUMBER;

We will show how to access parameters using these declarations in two JDBC calls. The first one is a
procedure call that deletes actor entries based on ids provided in an act or _i d_array. The second
example calls a function to retrieve an array of the names for all actors in the table.

Setting ARRAY values using SqglArrayValue for an IN parameter

We are using the SimpleJdbcCall for this example and when we configure this call its important to note
that we can't rely on the database metadata. Whenever a collection type is used the metadata reported
back from the JDBC driver contains entries bot for the collection type and for the type contained in
the collection so it looks like there are additional parameters. Because of this it is best to turn off the
metadata processing by calling the wi t hout Pr ocedur eCol urmMet aDat aAccess method.

This example calls a procedure that deletes actors based on the ids provided in an array. Here is the
source for this procedure:
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CREATE OR REPLACE PROCEDURE del ete_actors (in_actor_ids IN actor_id_array)
AS
BEG N
FOR i IN 1..in_actor_ids.count |oop
DELETE FROM actor WHERE id = in_actor_ids(i);
END LOOP;
END;

The declaration of the ARRAY parameter follows the same pattern as we used previously for the
STRUCT parameters. We are simply providing the Types. ARRAY SQL type along with the type name
as it is specified in the database metadata.

this.deleteActorsCall =
new Si npl eJdbcCal | (dat aSour ce). wi t hProcedur eName( " del et e_act ors")
. W t hout Procedur eCol unmMet aDat aAccess()
. decl ar ePar anet er s(

new Sql Paraneter ("in_actor_ids", Types.ARRAY, "ACTOR | D ARRAY")); O

0 We define the Sql Par anet er with parameter name, the type and the type name as it is declared
in the database.

Next we look at the code that executes this Si npl eJdbcCal | . For IN parameters the arrays are

managed using an Sgl Ar r ayVal ue implementation that will handle the ArrayDescriptor creation and

the mapping of the array to an oracle.sql. ARRAY instance.

public void del eteActors(final Long[] ids) {
Map in = Coll ections. singletonvap("in_actor_ids", new Sql ArrayVal ue(ids)); O
del et eAct orsCal | . execute(in);

O Wedeclare an Sgl Arr ayVal ue instance that will handle creating the Ar r ayDesr i pt or and the
ARRAY to be passed in as the parameter value.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class Del et eActorsProc extends StoredProcedure {

publ i c Del et eAct or sProc(Dat aSour ce dat aSource) {
super (dat aSource, "del ete_actors");
decl ar ePar anet er (
new Sql Paraneter ("in_actor_ids", Types.ARRAY, "ACTOR | D_ARRAY"));
}

public void execute(Long[] ids) {
Map in = Col |l ections. singletonMap("in_actor_ids", new Sql ArrayVal ue(ids));
Map out = this.execute(in);

Using SqglReturnArray to handle the ARRAY from an OUT parameter

Now it is time to handle the OUT parameter scenario. Here it is an SglOutParameter combined with an
SqlReturnArray instance that is responsible for handling the Ar r ay.
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thi s. get Actor NamesCal | =
new Si npl eJdbcCal | (dat aSour ce).w t hFuncti onName("get _act or _nanes")
. W t hout Procedur eCol unmMet aDat aAccess()
. decl ar ePar anet er s(
new Sql Qut Paraneter ("return", Types.ARRAY, "ACTOR_NAVE ARRAY", O
new Sql ReturnArray())); O

O We declare an Sql Qut Par anet er with parameter name, the type and the type name as it is
declared in the database.

O The Sgl Ret ur nArray accesses the ARRAY parameter using the JDBC calls and creates the
St ri ng array that is the return value for this example.

Next we look at the code that executes this Si npl eJdbcCal | .

public String[] getActorNanes() {
Map in = Collections. enptyMap();
return get Act or NanesCal | . execut eFunction(String[].class, in); O

0 Here we just have to call executeFunction passing in the expected output class and an empty map
since there are no IN parameters.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:

private class Get Act or NanesProc extends StoredProcedure {

publ i ¢ Get Act or NanesPr oc( Dat aSour ce dat aSource) {
super (dat aSour ce, "get_actor_nanes");
set Function(true);
decl ar ePar amet er (new Sql Qut Par anmeter ("return",
Types. ARRAY, "ACTOR_NAVE_ARRAY",
new Sql ReturnArray()));
}

public String[] execute() {
Map in = Collections. enptyMap();
Map out = this.execute(in);
return (String[]) out.get("return");

6.3 Handling a REF CURSOR

The Spring Framework already contains implementations that simplify the handling of REF CURSORS
but we include an example here just to complete the coverage of the handling of Oracle specific
advanced data types. The procedure we are calling is declared as follows:

CREATE OR REPLACE PROCEDURE read_actors (out_actors_cur OUT sys_refcursor)
AS
BEG N
OPEN out _actors_cur FOR 'select * fromactor';
END;
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Retrieving data using a ParameterizedBeanPropertyRowMapper from a REF
CURSOR

First we'll look at a Si npl eJdbcCal | implementation where we use the r et ur ni ngResul t Set
method to declare the RowiVapper we want to use. We have an Actor class that is a JavaBean and
the properties match the column names so we can use the ParameterizedBeanPropertyRowMapper to
automatically map data from the Resul t Set to the bean properties. Here is the code used to declare
this Si npl eJdbcCal | :

this.readActorsCall =
new Si npl eJdbcCal | (dat aSour ce). wi t hProcedur eNanme("read_actors")
.returningResul t Set ("out_actors_cur", 0O
Par anet er i zedBeanPr oper t yRowivapper . newl nst ance(Actor.cl ass)); O

O We declare a r et ur ni ngResul t Set with parameter name and the Rowvapper we would like
to use.

0 The Paraneteri zedBeanPropertyRowMapper accesses the Result Set Met abData and
maps the row columns to corresponding bean properties in the class specified as parameter to the
newli nst ace method call.

To execute this call we use the following code:

public List<Actor> getActors() ({

return readActorsCal | . executeCbject(List.class, Collections.enptyMap()); O
}

O Here we just have to call executeObject passing in the expected output class which isa Li st and
an empty map since there are no IN parameters.

When using the StoredProcedure class we would need to use an Sql Qut Paraneter that
accepts a RowMapper. Here is an example of an Sql Qut Parameter configured with a
Par anet eri zedBeanPr oper t yRowivapper .

new Sql Qut Paraneter ("out _actors_cur", O acl eTypes. CURSOR,
Par anet eri zedBeanPr oper t yRowVapper . newl nst ance(Actor.class)) O

0 Here we specify the parameter name and the SQL type which is Or acl eTypes. CURSOR and
instantiate a Par anet eri zedBeanPr oper t yRowvapper to be used to map row data to the
Act or class.

If you prefer to use the classic StoredProcedure class then the equivalent configuration would look like
this:
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private class ReadActorsProc extends StoredProcedure {

publ i ¢ ReadAct or sProc(Dat aSour ce dat aSource) {
super (dat aSource, "read_actors");
decl ar ePar anet er (
new Sql Qut Paraneter ("out _actors_cur", O acl eTypes. CURSOR,
Par anet eri zedBeanPr oper t yRowVapper . newl nst ance( Act or. cl ass))

public List execute() {
Map in = Collections. enptyMap();
Map out = this.execute(in);
return (List) out.get("out_actors_cur");
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7. Custom DataSource Connection Configurations

7.1 Configuration of a Proxy Authentication

The Oracle JDBC implementation provides access to Oracle's Proxy Authentication feature. The Proxy
Authentication lets you configure a connection pool using a proxy user account with very limited rights.
Then, during the connection process, you would specify the actual user name for the end user. This user
name must be configured to allow a proxy connection through the user proxy ("grant connect through
proxyuser").

This is valuable for web applications where you typically set up a data source with a shared database
user. If this shared user is a proxy user account and you supply the actual end user name then the proxy
authentication feature will make any database access this user performs to be performed with the end
users actual database user account.

To use this feature you must provide an implementation of the Connecti onUser nanePr ovi der
interface. This interface has a single method named get User Nane that should return the user name for
the current end user to be connected via the proxy user. It's up to the application developer to provide
the appropriate implementation. One type of implementation would be to retrieve the current principal
or user name from the Securi t yCont ext Hol der provided when you use Spring Security.

An example of what this implementation could look like is:

public class Current User nameProvi der inplements Connecti onUser nanePr ovi der {

public String getUserNane() {
bj ect principal =
Securi t yCont ext Hol der . get Cont ext (). get Aut henti cation().getPrincipal ();
if (principal instanceof UserDetails) {
return ((UserDetails)principal).getUsername();
} else {
return principal.toString();

}

See the Spring Security reference manual for more detail regarding the use of the
Securi t yCont ext Hol der.

Connection proxy authentication is configured using the user nane- connecti on- pr oxy element.
You also need to provide a reference to the user name provider that implements the
Connect i onUser namePr ovi der interface mentioned above.
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<beans xm ns="http://ww. spri ngframewor k. or g/ schena/ beans"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: cont ext ="htt p://ww. spri ngfranewor k. or g/ schena/ cont ext "
xm ns: orcl="http://ww. springframewor k. org/ schena/ dat a/ orcl "
xsi : schemalLocati on="http://ww. spri ngf ramewor k. or g/ schena/ beans
http://ww. springframework. or g/ schema/ beans/ spri ng- beans- 3. 0. xsd
http://ww. springframework. or g/ schema/ cont ext
http://ww. springframework. or g/ schema/ cont ext/ spri ng-cont ext - 3. 0. xsd
http://ww. springfranework. org/ schena/ dat a/ orc
http://ww. springframework. or g/ schema/ dat a/ orcl / spri ng-dat a-orcl -1. 0. xsd" >

<orcl : pool i ng- dat asour ce i d="dat aSour ce"
properties-location="cl asspath:orcl.properties">

<orcl : user nanme- connecti on- proxy connecti on-cont ext - provi der="user naneProvi der"/> [
</ orcl : pool i ng- dat asour ce>

<bean i d="user nanmeProvi der"
cl ass="org. spri ngframewor k. dat a. j dbc. t est. Curr ent User nanePr ovi der "/ >

</ beans>

0 The connection proxy user name provider is specified here.

To set up the database proxy user and to grant the user accounts to participate in the proxy
authentication you could use this SQL:

-- create the new proxy user account

create user proxyuser identified by proxypasswd;
grant create session to proxyuser

-- grant existing user to connect through the proxy
al ter user spring grant connect through proxyuser

In your connection properties file (orcl.properties) you would need to provide the proxy user credentials:

url =j dbc: oracl e:thin: @/ ocal host: 1521/ xe
user name=pr oxyuser
passwor d=pr oxypasswd

© Note

We are currently only supporting proxy authentication using user name with no password
authentication for the user connecting through the proxy. Support for other types of proxy
connections will be provided in future releases.

7.2 Configuration of a Custom DataSource Connection
Preparer

There are times when you want to prepare the database connection in certain ways that aren't easily
supported using standard connection properties. One example would be to set certain session properties
in the SYS_CONTEXT like MODULE or CLIENT_IDENTIFIER. This chapter explains how to use a
Connect i onPr epar er to accomplish this. The example will set the CLIENT _IDENTIFIER.

We will need to add a Connectionlnterceptor using AOP and then configure the
Connectionl nterceptor with a Connecti onPreparer implementation that performs the
necessary preparations. Lets first look at our custom Cl i ent | dent i fi er Connecti onPr epar er that
implements the Connect i onPr epar er interface. There is only a single method named pr epar e that
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needs to be implemented. The prepared connection is the return value which gives you an opportunity
to wrap the connection with a proxy class if needed.

package org. springframewor k. dat a. j dbc. sanpl es
i mport org.springframework. dat a. j dbc. support. Connecti onPreparer

i nport java.sql.Call abl eSt at enent ;
i mport java.sql.Connection
i mport java.sql.SQLException

public class dientldentifierConnectionPreparer inplenents ConnectionPreparer {
String prepSql = "{ call DBMS_SESSION. SET | DENTIFIER(' SPRING ) }"; O

publ i ¢ Connection prepare(Connection conn) throws SQLException {
Cal | abl eSt at ement c¢s = conn. prepareCal | (prepSql); O
cs. execute();
cs. close();
return conn

O We define the SQL needed to set the CLIENT_IDENTIFIER attribute.
O We prepare a Cal | abl eSt at emrent and execute it.

This example sets the CLIENT_IDENTIFIER to a fixed value, but you could implement a
ConnectionPreparer that would use the current users login id. That way you can capture user login
information even if your data source is configured with a shared user name.

The following application context entries show how this could be configured for your data source.

<orcl : pool i ng- dat asour ce i d="dat aSource" 0O
connection-properties-prefix="conn"
properties-locati on="cl asspath: orcl.properties"/>

<aop: config> 0O
<aop: advi sor
poi nt cut ="execut i on(j ava. sql . Connecti on
j avax. sql . Dat aSour ce. get Connection(..))"
advi ce-ref ="testlInterceptor"/>
</ aop: confi g>

<bean id="testl|nterceptor"
cl ass="org. spri ngframework. dat a. j dbc. aop. Connecti onl nt erceptor">
<property nane="connectionPreparer" ref="connectionPreparer"/> O
</ bean>

<bean i d="connecti onPreparer"
cl ass="org. springframewor k. dat a. j dbc. sanpl es. i entldentifierConnectionPreparer"/

O The regular dataSource definition, no extra configuration needed here.

The AOP configuration defining the pointcut as the get Connect i on method.

0 The interceptor that has its connectionPreparer property set to our custom
ClientldentifierConnectionPreparer.

0 A bean defining the custom d i ent | denti fi er Connecti onPr eparer.

O
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Every time a new connection is obtained the connection preparer will set the CLIENT _IDENTIFIER.
During database processing the value it was set to can be accessed using a call to a standard Oracle
function - "sys_cont ext (' USERENV' , ' CLI ENT_|I DENTI FI ER )"
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