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1. System Implementation

1.1 Database Schema

The middleware now gets tag data using a reader list which is populated from the logical to physical reader mapping, giving a list of logical reader IDs. There is on/off settings for both logical and physical readers, indicated by the ‘suppress’ flag. There may be case that the logical reader list specified by the user results in a list of all suppressed readers. In this case, the tag read in the event cycle will be empty.

Table LOGICALREADER

The LOGICALREADER table is storing logical readers defined in the middleware.

	Column name
	Type
	Description

	logicalreader_id *
	varchar
	The ID of the logical reader

	suppress
	boolean
	// 0=reader on; 1=reader off


Primary Key: logicalreader_id

Table READER

The READER table is storing hardware reader information defined in the middleware.

	Column name
	Type
	Description

	reader_id *
	varchar
	The ID of the reader

	suppress
	boolean
	// 0=reader on; 1=reader off

	manufacturer
	varchar
	The name of the manufacturer

	model
	varchar
	The model of the reader

	ipaddress
	varchar
	The IP address of the reader


Primary Key: reader_id

Table READERMAPPING

The READERMAPPING table stores the mapping between logical readers and hardware readers.

	Column name
	Type
	Description

	logicalreader_id *
	varchar
	The ID of the logical reader

	reader_id *
	varchar
	The ID of the reader


Primary Key: logicalreader_id, reader_id

Foreign Key: logicalreader_id (of LOGICALREADER), reader_id (of READER)
Table ECSPECINSTANCE
The ECSPECINSTANCE table is for manipulation of ECSpec via a J2EE entity bean.

	Column name
	Type
	Description

	specName *
	varchar
	The ECSpec name defined.

	state
	Int
	The current state of ecspec

	stateVersion
	int
	(internal) optimistic locking state.

	previousStartTime
	bigint
	Start time for the previous event cycle

	previousEndTime
	bigint
	End time for the previous event cycle

	startTime
	bigint
	Start time for the current event cycle

	specXML
	blob
	Normalized ECSpec XML in raw format


Primary Key: specName

Note: 

1. This table should be only modified by jboss application server.

2. Other field inside the table but not listed here are for internal debugging purpose.

Table SPECURLS
The SPECURLS table is for storing notification URLs. It is of a 1:M mapping with the ECSPECINSTANCE table.

	Column name
	Type
	Description

	specName *
	varchar
	The ECSpec name for the notification url.

	NotificationUrl
	varchar
	The notification url.


Foreign Key: specName (of ECSPECINSTANCE)

Note: 

1. This table should be only modified by jboss application server.

Table READ_EVENT

The READ_EVENT table records the event received from the hardware reader in each read cycle.
	Column name
	Type
	Description

	event_id *
	bigint
	Auto-generated id for the event

	reader_id
	varchar
	The id of the hardware reader

	timestamp
	datetime
	Timestamp for the event received


Primary Key: event_id

Foreign Key: reader_id (of READER)

Table READ_TAG
The READ_TAG table stores the tags received from the hardware reader in a event.
	Column name
	Type
	Description

	event_id *
	bigint
	Auto-generated id for the event

	tag_id
	varchar
	Tag ID in EPCGlobal Tag URI format


Primary Key: event_id, tag_id
Foreign Key: event_id (of READ_EVENT)

1.2 EJB Component

1.2.1 Entity Beans

Note: most entity bean APIs should be setter and getter, and the underlying data persistence logic are handled inside the function.

ECSpecInstanceBean

package: cuhk.ale.ejb 

implements: javax.ejb.EntityBean, javax.ejb.TimedObject
This bean handles all logic related to a ECSpec. Since states in ECSpec is temporal , the bean also implements TimedObject from J2EE specification.

J2EE Remote interface of ECSpecInstanceBean

Nil (to avoid RMI overhead for entity bean)

J2EE Local interface of ECSpecInstanceBean
· ECSpecInstanceLocal

package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBLocalObject

Function list

	Return Type
	Declaration

	void
	addNotificationURL(java.lang.String specName, java.lang.String url)

	void
	cancelTimer(ECSpecInstanceBean.TimerType type)

	void
	createTimer(ECSpecInstanceBean.TimerType type, long duration)

	void
	deleteNotificationURL(java.lang.String specName, java.lang.String url)

	ECSpecInstancePK
	ejbFindByPrimaryKey(ECSpecInstancePK pk)

	void
	ejbTimeout(javax.ejb.Timer timer)

	epcglobal.ale.ECSpec
	getECSpec()

	ECSpecInstanceValue
	getECSpecInstanceValue()

	java.util.List
	getNotificationURLs(java.lang.String specName)

	long
	getPreviousEndTime()

	long
	getPreviousStartTime()

	java.lang.String
	getSpecName()

	long
	getStartTime()

	int
	getState()

	int
	getStateVersion()

	void
	setECSpec(epcglobal.ale.ECSpec value)

	void
	setECSpecInstanceValue(ECSpecInstanceValue value)

	void
	setPreviousEndTime(long l)

	void
	setPreviousStartTime(long l)

	void
	setSpecName(java.lang.String value)

	void
	setStartTime(long l)

	void
	setState(int value)

	void
	setStateVersion(int value)

	void
	startTriggerReceived()

	void
	stopTriggerReceived()

	void
	subscribe(java.lang.String notificationUrl)

	void
	unsubscribe(java.lang.String notificationUrl)


1.2.2 Session Beans

ALEServiceBean

package: cuhk.ale.ejb 

implements: javax.ejb.SessionBean
This bean handles all front tier logics for ALE standard. The bean implements all the API as listed in The Application Level Events (ALE) Specification, Version 1.0, Section 8.
J2EE Remote interface of ALEServiceBean
· ALEService 

package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBObject

Function list

	Return Type
	Declaration

	Void
	define(java.lang.String specName, epcglobal.ale.ECSpec spec)

	Epcglobal.ale.ECSpec
	getECSpec(java.lang.String specName)

	java.util.List
	getECSpecNames()

	java.lang.String
	getStandardVersion()

	java.util.List
	getSubscribers(java.lang.String specName)

	java.lang.String
	getVendorVersion()

	Epcglobal.ale.ECReports
	immediate(epcglobal.ale.ECSpec spec)

	Epcglobal.ale.ECReports
	poll(java.lang.String specName)

	Void
	startTrigger(java.lang.String specName)

	Void
	stopTrigger(java.lang.String specName)

	Void
	subscribe(java.lang.String specName, java.lang.String notificationURI)

	Void
	undefine(java.lang.String specName)

	Void
	unsubscribe(java.lang.String specName, java.lang.String notificationURI)


Note for ALEService function list: All RMI calls (including SOAP) should call these functions in order to realize ALE functions. 

J2EE Local interface of ALEServiceBean

· ALEServiceLocal

package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBLocalObject

Function List is similar to remote interface.
ReportGeneratorBean
package: cuhk.ale.ejb
implements: javax.ejb.SessionBean
The bean is called in each event cycle for each ECSpec to generate the ECReport.
J2EE Remote interface of ReportGeneratorBean
· ReportGenerator 

package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBObject

Function list

	Return Type
	Declaration

	epcglobal.ale.ECReports
	generateReports(cuhk.ale.EventCycle eventCycle)


J2EE Local interface of ALEServiceBean

· ReportGeneratorLocal
package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBLocalObject

Function List is similar to remote interface.

ReaderManagerBean
package: cuhk.ale.ejb

implements: javax.ejb.SessionBean

The bean receives the events submitted from the adaptor into the middleware.
J2EE Remote interface of ReaderManagerBean
· ReaderManager
package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBObject

Function list

	Return Type
	Declaration

	void
	submitALEPhysicalReaderInfo(java.lang.String readerID,cuhk.ale.PhysicalReaderInfo physicalReaderInfo)

	void
	submitALETags(java.lang.String readerID,java.util.List tags)


J2EE Local interface of ReaderManagerBean
· ReaderManagerLocal
package: cuhk.ale.ejb.interfaces

extends: javax.ejb.EJBLocalObject

Function List is similar to remote interface.

1.2.3 Message Driven Beans
NotifierBean
package: cuhk.ale.ejb

implements: javax.ejb.MessageDrivenBean, javax.jms.MessageListener
This bean performs HTTP, TCP and FILE notification. All ECReports to be delivered are sent to this bean internally via JMS as cuhk.ale.NotifyRequest requests to the NotifierQueue to queue for delivery to corresponding subscribers.
1.3 XML & SOAP Binding
According to the EPCGlobal specification, the ECSpec and ECReport should be able to represented as XMLs, and the ALE API should be able to accessed via SOAP. Therefore, the middleware is developed with the foundation of XML to Java object transformation & SOAP accessibility.
1.3.1 Library Used

Java API for XML Web Services (JAX-WS)

https://jax-ws.dev.java.net/
This library contains Java Architecture for XML Binding (JAXB) 2.0 subcomponent. Before, we attempted to use JAXB 2.0 standalone and other WS implementation which uses other XML binding mechanisms. This will mess up the code as there will be 2 versions of XML-bind Java objects and hard-coded mapping is required. Now JAX-WS also uses JAXB 2.0, the issue is resolved.

1.3.2 Procedures

1. Extract the XML Schema and WSDL definitions from EPCGlobal ALE Spec, resulting in ALE.xsd, EpcGlobal.xsd and aleservice.wsdl.

2. Modify the ALE.xsd to remove some optional elements related XML Extensibility.

3. Customized the XML binding mainly for package names and to convert XML date time to Java date time.

4. input the aleservice.wsdl to the ‘wsimport’ in JAX-WS  to generate JAX-WS portable artifacts, such as Service Endpoint Interface (SEI), Service, Exception class mapped from wsdl:fault (if any), Async Reponse Bean derived from response wsdl:message (if any) & JAXB generated value types (mapped java classes from schema types). Note that the artifacts are generated from the wsdl, therefore, our SOAP implementation will be EPCGlobal compliant.

5. The logic in the middleware is modified to use the XML-bind Java objects.

6. The artifacts can be packaged in a WAR file with the WSDL and schema documents along with the endpoint implementation to be deployed.

7. As the endpoint implementation will call ALE EJB services internally, therefore, the WAR and EJB JAR are packaged into a EAR file (a J2EE application)

1.3.3 Results

1. 2 packages are created – epcglobal.ale for ALE defined objects such ECSpec and ECReports, and epcglobal.ale.soap for SOAP call and response.

2. The EAR can be deployed to JBOSS. The WAR is served by the Tomcat in JBOSS, which acts as the middleman between our EJB and the SOAP client.

2. Environment

2.1 Environment Setup 

Our standard development environments are:

· Eclipse 3.1 + JBossIDE 1.5

· Apache Ant 1.6.5

· JBoss 4.0.4

· Java Development Kit (JDK) 1.5.06

· Java API for XML Web Services (JAX-WS) 2.0
· MySQL 5.0

· XDoclet 1.2.3 with xjavadoc 1.5

· JDBC Library v3.1 for Mysql 

And make sure the following environment variables are set:
· ANT_HOME

· JBOSS_HOME

· JAXWS_HOME

· XDOCLET_HOME

· JUNIT_HOME

5.2 Configuration Options 

JBoss

1. Configuration set via downloading: We make use full components of JBoss, which a full installation via “Run installer” mode is needed. (http://labs.jboss.com/portal/jbossas/download)

2. Server setup: Inside JBoss folder, locate the “Server” subfolder. Inside it, copy “default” folder to “ale”

3. Customizing ALE via Ant : In our codebase, run “ant configure“

5.3 Build Procedures 

(Assumed all codes and binaries are checked out )

· Clean all code: run “ant clean“

· EJB jar building : run “ant package-ear“

· SOAP jar building: run “ant package-soap“

· ECSpec Editor building: run “ant package-editor “
· Reader Emulator building: run “ant package-emulator”
5.4 Deployment 

· The compiled and built packages are stored under the bin folder in the project directory: 

· bin/lib/ale.ear (middleware service)
· bin/lib/adaptor-client.jar (library files for adaptor client)
· bin/lib/ale-editor.jar (ecspec explorer)
· bin/lib/ale-soap.jar (library files for ALE SOAP client)
· bin/applet (directory for Reader Emulator applet)
· For deployment of middleware, copy ale.ear to JBOSS, under
$JBOSS_HOME\server\ale\deploy 
· For deployment of Reader Emulator, copy the applet directory to the htdocs of Apache in the server.
5.5 Demo Setup 

· Start Jboss and Middleware: 
Method 1: 

under $JBOSS_HOME\bin , run “run.bat –c ale”

Method 2: 

Inside Eclipse, setup JbossIDE. In server view, add server “ale” , and right click it to start server.

· Start Management Console
TBD
· Start Reader Emulator
Locate the IP of server.

In browser, goto http://$SERVERIP/emulator.html

· Start ECSpecEditor
Run via \ecspeceditor\run.bat 

· Start XML Editor
Run via \xmleditor\Xerlin.bat

Once a proper ECSpec is defined and the reader is started with tags feeding in, we should see ECReports generated as specified in ECSpec and sent via the defined notification (FILE, TCP, HTTP). 
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